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Abstract

+ Context Pulsed food resources may strongly affect the
population dynamics of several consumer species, with con-
sequences on the ecosystem. One of the most common
pulsed resources is forest mast seeding.

+ Aims We analysed mast seeding in deciduous forests in a
mountainous area of northern Apennines and its effect on
population dynamics of wild boar (Sus scrofa L.).

+ Methods We performed a quantitative, 20-year analysis on
annual seed production in Turkey oak (Quercus cerris L.),
beech (Fagus sylvatica L.) and chestnut (Castanea sativa
Mill.) forest stands using litter traps. The wild boar popula-
tion density was estimated by means of drive censuses and
hunting bag records. The role of other biotic (density of
predators) and abiotic (climate) factors potentially affecting
wild boar mortality was also investigated.

* Results Turkey oak and chestnut showed high levels of
seed production, whereas lower levels were found in beech.
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The pulsed resources of chestnut and Turkey oak positively
affected piglet density. Analyses also highlighted the influ-
ence of snow cover and wolves on wild boar population
dynamics.

« Conclusion Wild boar can be considered a pulse rate
species, the management of which can be improved by
annual monitoring of seed production.
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1 Introduction

The complexity of interactions between fauna and natural
resources has recently been investigated with a focus on
wildlife population dynamics to identify key mechanisms
that influence ecosystem function (Bieber and Ruf 2005;
Ostfeld and Keesing 2000). Many terrestrial ecosystems are
characterised by pulsed resources, i.e. the temporary avail-
ability of extremely abundant food resources (for an over-
view, see Ostfeld and Keesing 2000). The most common
pulsed resource is most likely mast seeding, i.e. the inter-
mittent, synchronous production of large seed crops by plant
populations. This phenomenon has been explained using the
predator satiation hypothesis, which predicts that high var-
iability in seed production is a defensive strategy that sati-
ates seed predators in mast years and starves them in the
intervening periods. Tests of this hypothesis have provided
somewhat equivocal results (Curran and Leighton 2000;
Silvertown 1980) but have in general supported the rele-
vance of mast seeding in determining the population dy-
namics of seed predators.

It is well known that mast seeding is a key food resource
for numerous mammal and bird communities (Clotfelter et
al. 2007; Formosoff 1933). Indeed, vertebrate populations
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show a strong numerical response to mast seeding; this is
the case for several species of mice (Elkinton et al. 1996),
the Florida shrub jay (4dphelochoma coerulescens Bosc)
(DeGange et al. 1989) and the acorn woodpecker (Melanerpes
formicivorus Swainson) (Hannon et al. 1987).

Several studies have demonstrated that ungulate populat-
ions are strongly influenced by the spatial distribution of
resources and the seasonal variation in food quality and
availability (e.g. Tufto et al. 1996). However, the effects of
mast seeding on ungulates remain poorly documented.
Understanding the implications of pulsed resources on the
population dynamics of ungulates represents a crucial issue
for conservation and management programs in most
European countries, where, during the last few decades,
ungulates have exhibited geographic and demographic ex-
pansion (Apollonio et al. 2010).

Among ungulates, the wild boar (Sus scrofa L.) exhibits
strong responses to food pulses (Bieber and Ruf 2005; Groot
Bruinderink et al. 2009; Jedrzejewska et al. 1997). Its
omnivorous diet consists mainly of vegetation (Schley
and Roper 2003). In Italy, as well as in the whole
Mediterranean region, the abundant crops of tree seeds
(such as acorns, chestnuts and beech nuts) are the wild
boar’s main natural source of food from September to
late spring (Massei et al. 1997). This species can reach
high densities owing to its high ecological adaptability.
It can be considered a typical r-strategy species, with
high ecological plasticity and very high reproductive
capacity due to its relatively short gestation period and
high mean litter size (Fernandez-Llario and Carranza
2000; Fonseca et al. 2011; Herrero et al. 2008; Saez-
Royuela and Telleria 1986).

Wild boar population densities have been growing
notably during the last few decades (Apollonio et al.
2010; Saez-Royuela and Telleria 1986) due to the aban-
donment of rural areas, restocking, lack of predators and
supplementary feeding (Saez-Royuela and Telleria
1986). In addition, changes in silvicultural systems have
entailed a general decline in wood exploitation, improv-
ing the productivity and structural complexity of forest
ecosystems (Cutini et al. 2011) and reducing the human
pressure on ungulates in general and on the wild boar in
particular.

Wild boar population expansion has caused this species
to be one of the most problematic among ungulates in
Europe. This expansion has resulted in substantial damage
to agricultural crops (Schley et al. 2008), generate conflicts
as a results of the invasion of urban environments in many
countries (Cahill et al. 2012; Geisser and Reyer 2004;
Jansen et al. 2007), and also produced a steady increase in
the number of vehicle collisions in several European coun-
tries (Groot Bruinderink and Hazebroek 1996; Lagos et al.
2012; Langbein et al. 2011).
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When analysing the forest—ungulate system, a long-term
perspective is required to fully understand the interactions
between wildlife species and their environment. There is a
lack of quantitative evidence to support the widespread
hypothesis of a link between wild boar population dynamics
and mast seeding (Jedrzejewska et al. 1997). The analysis of
long-term records of mast data, however, would greatly
contribute to an understanding of the population dynamics
of wild boars in specific environmental contexts, given that
forest—fauna systems operate over long time scales. In ad-
dition, irrespective of the mechanisms involved in masting,
a quantitative approach is necessary to adequately assess the
responses and adaptations of the wild boar to pulsed re-
sources and to develop management strategies that take into
account annual variation in mast seeding (Bieber and Ruf
2005).

The aim of this study was to use an integrated approach
to assess the relationship between mast seeding in deciduous
forests and wild boar population dynamics in a northern
Apennine forested area in Italy. In particular, we analysed
20 years of annual seed production in forest stands by some
of the most widespread deciduous species in Italy and
Europe, i.e. Turkey oak (Quercus cerris L.), beech (Fagus
sylvatica L.) and chestnut (Castanea sativa Mill.), which are
significant food resources for the wild boar. By controlling
for the effect of other major ecological factors that are
thought to affect mortality in the wild boar (i.e. climatic
conditions and density of predators), we analysed how seed
production in deciduous forests can influence wild boar
density, with the ultimate goal of developing strategies for
integrated management.

2 Materials and methods
2.1 Study site

This study was conducted in a mountainous area in the
province of Arezzo (Alpe di Catenaia, 4,579 ha, 43°48' N,
11°49’ E), which is representative of typical forested areas in
the northern and central Apennines. The study site included
a protected area (2,795 ha) in which hunting is forbidden,
while hunting is permitted in the remaining portion of the
study site. The altitude ranged from 330 to 1,414 m a.s.l.
The climate at the study site is temperate, with warm, dry
summers and cold, rainy winters. The mean annual rainfall
was 1,224 mm, and the mean annual temperature was 9.5 °C
(Cutini et al. 2009).

Approximately 87 % of the area was covered with for-
ests. Deciduous even-aged forests, aged mainly between 50
and 70 years old, were prevalent; these stands almost en-
tirely originated from the conversion of coppice woods,
which was the most widely applied silvicultural treatment
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in the past. The forest stands were fairly homogeneous and
uniformly managed according to a 20-year forest plan. The
ungulate community within the study area consisted of roe
deer (Capreolus capreolus L.) and wild boar. Red deer
(Cervus elaphus L.) appeared in 2007, and they are only
rarely observed. Supplementary feeding did not occur in the
study area. The natural predators of ungulate species in the
study area are the red fox (Vulpes vulpes L.) and the wolf
(Canis lupus L).

2.2 Annual seed production

The data for seed production were selected from a network
of permanent research sites covering different conifer and
broadleaf stands in Italy. Among the research sites, three
permanent plots of beech, chestnut and Turkey oak, each
1 ha in size, were selected at the Alpe di Catenaia study site
on the basis of the following criteria:

1. Availability of concurrent mast data for the main, wide-
spread and most important deciduous species in
Apennines.

2. Availability of long-term time series data for mast
seeding.

3. Availability of long-term time series data for wild boar
population dynamics.

The species composition in each stand was pure. Table 1
lists the main stand characteristics of each plot. Pure stands
of beech, chestnut and Turkey oak covers, respectively, 20.5,
11.7 and 16.1 % of the study site.

Estimates of the annual seed production were obtained
using the litterfall method, of which the procedures, sam-
pling strategy, reliability and accuracy were discussed by
Chianucci and Cutini (2013) and are briefly described be-
low. Nine 0.25-m? litter traps were positioned in each plot
1 m above ground level. Litterfall was collected every
2 weeks during the autumn and winter and monthly during
the rest of the year. Frequent litter collection during leaf fall
minimised seed predation (e.g. by insects or birds). The
main litter components were subsequently sorted and dried
in a forced air stove at 85 °C+2 for at least 24 h to reach a
constant dry weight.

Table 1 Main characteristics of the research plots

Litter collection is a straightforward method to estimate litter
components such as seed production in a quantitative way
(Mg ha™"). Relative to indirect approaches, collecting litter
takes a great deal of time. In order to get a compromise between
monitoring mast seeding over a long-time period and to assess
seed production in the three different and most important de-
ciduous species, we were forced to not add replicates in the
original experimental design.

Tukey’s pair-wise comparison test was used to compare
differences in annual seed production between species in
cases where a one-way ANOVA indicated that a significant
difference existed in the variable of interest.

Years with an average seed production >66th percentile
were classified as mast seed years, while years with an
average seed production <33rd percentile were classified
as scarce seed years. The remaining years were classified
as intermediate seed years.

2.3 Wild boar densities and hunting bag records

Beginning in 2000, density estimates for wild boar were
calculated based on drive censuses conducted every May
(this method is also described by Mattioli et al. 1995) by the
Fish and Wildlife Service of the Province of Arezzo. Annual
censuses encompassed approximately 80 % wooded area
and 20 % other cover types. A ring of government em-
ployees, researchers and volunteers encircled between nine
and 15 plots in the forest (each 14-52 ha in size), then moved
inwards, counting and observing the wild boars in the
contained area and reporting the number of juveniles (0—
1 years) and adults. The density of individuals in each area
was then weighted by the surface area and the percentage of
forested land cover within a 1-km buffer around the drive area
(for further details, see Davis et al. 2012). Bad weather con-
ditions prevented drive census estimates in 2006 and 2010; as
such, the wild boar density data series consisted of 10 years.
As this method was designed for species with an even distri-
bution, we analysed wild boar population dynamics using
hunting bag records. The use of hunting bag records also
enabled us to extend the wild boar time series back to 1995
(17 years).

Hunting was organised by the Fish and Wildlife Service of
the Province of Arezzo. Wild boars (juveniles and adults) were

Species Altitude Age Stems Basal area Dom. height® Plot establish Data

(m a.s.l.) (years) (no. ha'l) (m2 ha'l) (m) (no. years)
Beech 1,050 66 542 25.7 23.8 1991 20
Chestnut 904 60 401 30.8 252 1993 18
Turkey oak 915 56 350 28.1 24.0 1992 19

#Dominant height is the mean height of the 100 tallest stems per hectare
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hunted with hounds by teams of 25-50 hunters in designated
areas. The hunting season began on the third Sunday of
September and ended on January 31st. Since 1995, total num-
bers of culled boars were recorded and reported to the Service,
which checked and validated data.

2.4 Other factors related to population dynamics

Climatic variables from the wild boar birth period through the
end of the hunting season (Geisser and Reyer 2005), along
with the density of predators (Mattioli et al. 2011), were
considered as possible sources of mortality for juveniles.
Temperature, precipitation and snow cover data were collect-
ed at four weather stations located in and around the study area
by the National Forest Service. Data were available since
1991 (20 years). We calculated the average temperature and
precipitation for each day, and we selected the following
parameters as predictor variables that potentially influence
wild boar population dynamics:

1. Mean temperature (°C) and precipitation (mm) during
March—May (i.e. the birth and post-birth period).

2. Mean temperature (°C) and precipitation (mm) during
June—August (i.e. the driest period).

3. Mean temperature (°C) and maximum snow depth (cm)
during November—January (i.e. the coldest period).

Data on wolf density were obtained from snow tracking,
wolf howling, molecular analysis and direct observations
conducted each year (for further details, see Apollonio et al.
2004; Gazzola et al. 2002; Scandura 2005; Scandura et al.
2006). The density was estimated as the minimum number of
wolves within the study area. Wolf data were sourced from the
long-term monitoring of wolf presence in the province of
Arezzo by our teams in cooperation with the Fish and
Wildlife Service of the Province of Arezzo.

2.5 Statistical analyses
We analysed the relationship between annual wild boar

density and hunting bag records using Pearson’s correlation
coefficient () test.

Table 2 Statistics of seed production observed in the research plots

We predicted the annual variation in total culled animals (as
a proxy for juvenile wild boars; see results in Section 3.2 for
details) by fitting generalised linear models (GLMs) with a
normal error distribution (GLM, family = Gaussian).
Accordingly, we considered a number of ecological factors
that potentially influence the total number of culled animals:

1. Annual seed production of the previous year in beech,
Turkey oak and chestnut stands; because the area cov-
ered by tree species varied, a weighting factor was
introduced and was equal to the high forest area covered
by each species.

2. Mean temperature and precipitation during March—May
and June—August and mean temperature and maximum
snow depth during November—January.

3. Annual density of wolves.

According to the revealed correlation between the present
wild boars density (i.e. the number of culled wild boars in
the current year) and the density in the previous year (i.e. the
number of culled wild boars in the previous year, by means
of autocorrelation function: ACF=0.352) we decided to add
among independent variables the number of culled animals
at time [year '].

To avoid collinearity issues, we built a correlation ma-
trix (Pearson’s correlation coefficient—r,—and ¢ test) that
included explanatory variables that potentially predict the
density of juvenile wild boars; we detected the absence of
7,>0.7 and #<0.05 (Sokal and Rohlf 1995) among pairs of
explanatory variables. We used the Akaike information
criterion modified for small sample sizes (AIC;
Burnham et al. 2011; Symonds and Mousalli 2011) to
select the best predicting model.

To avoid the retention of overly complex models (i.e.
models with additional parameters that result in minimal in-
creases in model fit), we excluded models that simply repre-
sented more complex versions of models with lower AIC,
values (Richards et al. 2011). The Akaike weight w;, for a given
model i of a set of n=R models was computed as follows:

B exp(—AAIC,;/2)
- SR exp(—AAIC,,./2)

i

Species Min Max Mean (£SE) (6)% Number of years
Mast Intermed. Scarce
(Mg ha™") % >66 percentile 33-66 percentile <33 percentile
Beech 0.000 0.335 0.080 (0.022) 124 7 6 7
Chestnut 0.000 1,457 0.758 (0.093) 54
Turkey oak 0.006 2,624 0.757 (0.184) 100
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which quantifies the probability that the model is the best
approximating one. We performed a parameter estimation and
derived the R? for the most parsimonious model.

We checked for normality and homogeneity by visually
inspecting the plots of residuals against fitted values for the
most parsimonious model. Moreover, we tested for the ab-
sence of autocorrelation of the residuals in the model using the
Durbin—Watson test (DW=1.7547, p=0.0976). Statistical
analyses were performed using R version 2.13.1; all means
are reported with standard errors.

3 Results
3.1 Annual seed production

The three broadleaves showed marked differences in mast
seeding (Table 2). Compared to oak and chestnut, seed produc-
tion was relatively low in beech, which exhibited an average +
SE nut mass of 0.080+£0.022 Mg ha ' year '. Overall, seed
production significantly differed between beech and the other
two species (one-way ANOVA and Tukey’s test, p<0.01); by
contrast, seed production did not significantly differ between
Turkey oak and chestnut. The average seed production was 0.
757+0.184 Mg ha ' year ' in Turkey oak and 0.758+0.
093 Mg ha ' year ! in chestnut.

Table 3 Pearson's correlation coefficients (r,) and significance (p) of
correlation between seed production in the tree species

Turkey oak Beech Chestnut
Turkey oak r,=—0.091 r,=0.315
(»=0.711) (p=0.203)
Beech 7,==0.091 r,==0.156
(p=0.711) (p=0.535)
Chestnut r,=0.315 r,=—0.156
(p=0.203) (p=0.535)

Although seed production was similar in chestnut and oak,
the pattern of production varied considerably (Fig. 1). Turkey
oak showed higher annual variation (CV=100 %) compared
with chestnut (CV=54 %). A similar pattern was observed in
beech (CV=124 %). In Turkey oak, the annual seed produc-
tion twice exceeded 2 Mg ha ' year ', and production
exceeded 1 Mg ha ' year ! six times; in chestnut, the annual
seed production exceeded 1 Mg ha ' year ! seven times.

Mast seeding occurred in 35 % of observations in beech,
in 32 % of observations in Turkey oak and in 33 % of
observations in chestnut; the balance between scarce and
mast years was even in all three species.

A simultaneous mast seed year occurred for Turkey oak
and chestnut three times: in 2002, 2006 and 2010 (Fig. 1);
however, seed production was not correlated between the
species (Table 3).

3.2 Wild boar densities and hunting bag records
The mean + SE estimated total wild boar density (juveniles and

adults) in the study area during 2000-2011 was 11.6+2.0 in-
dividuals per km?”. Juveniles (0—1 years) comprised 55 % of

1600
1400
1200
1000
800

600

400

Total number of culled wild boar (headsfyear)

T T T T
0 5 10 15 20

Piglet density (heads/100 ha)

Fig. 2 Variation of total number of culled wild boar (heads/year) as a
function of piglet density (heads/100 ha). Linear regression lines along
with 95 % confidence intervals were shown on the graph
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Table 4 Number of parameters (Np), Akaike Information Criterion
corrected for small sample size (AICc), difference in AICc between
each model and the model with the lowest AICc for effects, Turkey oak
seed production (Mg/study area; Tu); mean temperature Jun—Aug (°C,
Ts); chestnut seed production (Mg/study area; Ch); beech seed produc-
tion (Mg/study area; Be); mean temperature Mar—May (°C; Tp); mean

temperature Nov—Jan (°C; Tw); rain Mar—May (mm; Rp); rain Jun—
Aug (mm; Rs); maximum snow depth (cm; Sn); wolf density (N/
45 km?; Wo); number of culled wild boars in the previous year (Npy)
on the total number of culled wild boars in the Alpe di Catenaia study
site

Parameters Np AlCc AAICc w;

Tu + Ch + Sn + Wo + Npy 5 175.41 0.00 0.996
Tu + Ch + Sn + Wo + Rs + Npy 6 186.50 11.09 0.004
Tu+ Ch + Sn + Wo + Rs + Ts + Npy 7 234.96 59.55 0.000
Tu+ Ch + Sn + Wo + Rs + Ts + Rp + Npy 8 246.78 71.37 0.000
Tu+ Ch + Sn + Wo + Rs + Ts + Rp + Tw + Npy 9 278.61 103.2 0.000
Tu+ Ch+ Sn+ Wo + Rs + Ts + Rp + Tw + Tp + Npy 10 279.42 104.01 0.000
Tu+ Ch+ Sn+ Wo + Rs + Ts + Rp + Tw + Tp + Be + Npy 11 301.17 125.76 0.000
Tu+ Ch+ Sn+ Wo + Rs + Ts + Rp + Tw + Tp + Be + Npy + Tu*Ch 12 398.75 223.34 0.000
Tu+ Ch+ Sn+ Wo + Rs + Ts + Rp + Tw + Tp + Be + Npy + Sn*Tw 12 447.59 272.18 0.000
Tu+ Ch + Sn+ Wo + Rs + Ts + Rp + Tw + Tp + Be + Npy + Rs*Ts 12 451.63 276.22 0.000

the total wild boar density, at 6.4+1.5 per km?, while the mean
adult density was 5.2+0.7 per km>. The lowest total density
was observed in 2009 (3.7 individuals per km?), while the
highest total density was recorded in 2003 (24.9 individuals
per km?), one year after the sole observation of simultaneous
mast seeding among all the deciduous species (Fig. 1).

The mean = SE number of culled individuals in the study
area was 700.9+£84.3 year '. The lowest number of culled
individuals (225) occurred in 1995, while the maximum num-
ber of culled individuals (1,445) occurred in 2003, one year
after the sole observation of simultaneous mast seeding among
all the deciduous species (Fig. 1).

We found a strong correlation between the total number
of culled animals and the juvenile density estimated using
drive census data (Pearson’s correlation; 7,=0.87, p<0.01;
Fig. 2), whereas no correlation was found between the total
number of culled animals and the estimated adult density
(Pearson correlation; 7,,=0.47, p=0.17). Accordingly, we
used the total number of culled animals (available from
1995 to 2011) as a proxy for juvenile density (only available
from 2000 to 2011). In this way, we were able to extend our
analyses over a longer time series.

3.3 Variables influencing wild boar density

The top ten GLMs predicting the total number of culled
animals are reported in Table 4. The most parsimonious
model (AIC,=175.41, R*=0.90) had a probability of 99.
6 % of being the best approximating model. Parameter
estimates of the best model are reported in Table 5. The
total number of culled animals was positively correlated
with the annual seed production by Turkey oak and chestnut
but negatively correlated with the maximum snow depth and
wolf density (Fig. 3). As expected, the time series lag of
1 year (i.e. the number of culled animals in the previous
year) was included in our best model and was positively
correlated with the dependent variable (Tables 4 and 5).

4 Discussion and conclusions

Quantitative analyses of seed production exist in the literature
but are generally characterised by short time series; moreover,
seed production is frequently measured as the number of seeds
per unit ground area (Drobyshev et al. 2010; Mencuccini et al.

Table 5 Parameters () and

standard errors (SE) estimated Predictors B SE

by the best generalised linear

model (AICc=175.41, w;= Intercept 834.56 207.51

0.996, R*=0.90, see Table 4) Turkey oak seed production (Mg/study area) 0.63 0.12

predicting the total number of .

culled wild boars in Alpe di Chestnut seed production (Mg/study area) 2.01 0.76

Catenaia study site Max snow depth (cm) -11.49 2.08
Wolf density (N/45 km?) -0.32 0.15

See the text for description of Number of culled wild boars in the previous year 0.21 0.09

predictor variables
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Fig. 3 Variation of total number of culled wild boar as a function of a
Turkey oak and b chestnut seed production (Mg), ¢ maximum snow
depth during November—January period (cm) and d minimum number

1995; Yasaka et al. 2003) rather than as seed mass per unit
ground area. In the present study, a quantitative analysis of
20 years of seed production enabled us to investigate the mast
seeding behaviour of three different deciduous tree species,
along with the degree of variation among the species within
the same area. With respect to food availability, our results
indicated high productivity in Turkey oak and chestnut stands,
consistent with studies in other areas of Italy (Cutini 2000;
Cutini 2002). The low seed production observed in beech may
reflect a high degree of coppice wood exploitation occurred in
the past, which could result in delayed growth of a forest
stand, in spite of the high litter production observed in the
stand (Cutini et al. 2009), as compared with literature (Cutini
2002; Lebret et al. 2001). Regardless of beech seed produc-
tion, the study area can be considered a highly favourable
habitat for wild boar with regard to forest seed supply.

Litter collection is a straightforward approach to quantita-
tively assess seed production. The major drawback of the
method is the procedure is time and labour consuming. This

o
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Number of wolves in the study area

of wolves in the study area. Linear regression lines along with 95 %
confidence intervals were shown on each graph

is a particularly relevant issue when performing long-time
monitoring and research programs, because a compromise
between continuous monitoring and adequate spatial sampling
is very difficult to fulfil. Even though we considered the mast
seeding estimated using litter traps as reasonable average
values for the deciduous species covering the study area, the
lack of replicates implies that generalisation of the outcome
should be carefully evaluated.

The analyses presented here indicate that mast seeding in
chestnut and Turkey oak positively correlates with wild boar
piglet density (i.e. the portion of the population that drives
dynamics) (Bieber and Ruf 2005), while beech mast was
uncorrelated. In addition, chestnut seemed to have a major
impact on wild boar (3=2.01) relative to Turkey oak (3=0.63),
most likely due to their different patterns of seed production.
In fact, chestnut showed limited annual variation in seed
production (CV=54 %) compared with acorn production in
Turkey oak (CV=100 %), despite their similar average seed
production. Thus, chestnut seed production has a greater
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influence on wild boar density because this resource is less
limited and more constant over time than is Turkey oak seed
production.

Several studies have reported a relationship between mast
occurrence and average body weight in the wild boar (Groot
Bruinderink and Hazebroek 1995). In addition, mast seeding
can influence the reproductive cycle of females (Groot
Bruinderink et al. 2009), given that gestation may begin at
any time during the hunting season in mast years (Servanty
et al. 2007). However, it is important to note that the pres-
ence of different tree species in the same area, especially
with regard to Turkey oak and chestnut, guarantees a steady
provision of food for wild boar, as either of the two major
mast-producing trees can compensate for low production in
the other. Thus, the presence of the chestnut tree is especial-
ly relevant, as its current European distribution closely
matches that of the largest wild boar population and pre-
sumably is responsible for wild boar abundance in that
group (Apollonio et al. 2010; Conedera et al. 2004).

Additionally, our analysis showed that mast availability
was not the only factor affecting wild boar piglet density.
Other environmental (snow depth) and biotic (wolf density)
factors negatively affected piglet density. In mountainous
areas, such as the current study area, winter is the harshest
season for wild boar. High snow cover and low temperatures
are hypothesised to reduce boar density through reduced
reproductive performance of sows, increased mortality rate
and reduced accessibility to ground vegetation and inverte-
brates. By contrast, mild winters with low snow cover
facilitate food accessibility and reduce energy expenditure,
which result in a lower mortality rate (Okarma et al. 1995).
In the current study, the mean summer temperature was not
a limiting environmental factor for the wild boar because the
drought season was not as extreme as in the Mediterranean
climate, where hot, dry summers greatly influence wild boar
mortality rates (Massei et al. 1996).

Unlike the findings of Melis et al. (2006), in which wolves
had a weak limiting effect on the wild boar across its Eurasian
range, our results suggested a significant influence of these
predators on wild boar density on the local scale. In fact, in
the Italian Apennines, wolves mainly prey on wild boar piglets
(Mattioli et al. 1995; Mattioli et al. 2011) due to the small size
and vulnerability of the piglets. However, it should be noted
that we were not able to consider hunting as a factor affecting
population size because hunting bags were used as a proxy for
population density. Thus, this result should be interpreted with
caution.

At present, the number of ungulates in Europe is increasing
and their nutritional condition and ability to breed may become
density dependent, as a result of competition for limited food
resources (Groot Bruinderink and Hazebroek 1995). The cur-
rent study agrees with other reports, supporting the assertion
that, under fluctuating conditions such as variation in food
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resources, climate and density of predators, wild boar can be
considered a pulse rate species (Bieber and Ruf 2005;
Jedrzejewska et al. 1997) with a strong dependency on mast
to satisfy energetic requirements in winter (Groot Bruinderink
and Hazebroek 1995).

Consequently, we conclude that an integrated approach is
required for the management of deciduous forests and wild boar
populations in highly favourable habitats (such as those in this
study). Forest management plans that maintain coppice woods
or, alternatively, increase high forest areas may limit or enhance
food resources for wild boar populations and, as a consequence,
reduce or increase the impact of wild boar populations on
human activities.

More generally, management strategies for the wild boar
should be integrated with an assessment of mast production
in the most widespread, palatable forest species (e.g. oak,
chestnut), along with an analysis of annual winter climate (i.
e. snow depth) to take an adaptive approach when planning
proper hunting bags. An increase in hunting pressure on
piglets after a full mast of chestnut and/or oak (Bieber and
Ruf 2005) may be an effective measure to control wild boar
population growth in highly favourable habitats and may
limit the impact of this animal on human activities.
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