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Abstract

Today the development of wild ungulates represents one of the most relevant changes of the Italian wildlife in the last
decades. The occurrence of damages by wild boars raised dramatically in the last decades and amounts to hundreds of
thousands of Euros per year in several European countries. Knowledge of distribution, abundance and population
dynamics is essential for their correct management, especially for the Wild boar (Sus scrofa) considering its impact on
the natural and agricultural ecosystem. This paper proposes an estimate of the wild boar population in a study area,
located in the south / south-eastern part of the Italian Apennines. The census technique was planned through field
inspections and cartographic elaborations using GiS software and the Pellet Count Group technic. The data of the Pellet
Group discovery were marked on special field cards. 7.010 linear meters and 14.020 m? were crossed; 12 Pellets Group
were found. From this database and knowing the extent of each specific habitat it was detected the presence of about 7/8
animals per 100 ha. These densities, projected by the number of hectares of each analyzed habitat, indicate a presence of
animals ranging between 187 and 164. Considering that, the optimal density for the study area would be about 47
animals per 100 ha, this means that the real density exceeds considerably these values. Therefore, the population within
the Park should be reduced through a set-up of a real census plan deriving from different types of census repeated over

several years.
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decades in Europe and in Italy. Wildlife is responsible for
causing considerable amounts of damage to agriculture,
specially to croplands [1-4]. The occurrence of damages
by wild boars raised dramatically in the last decades and
amounts to hundreds of thousands of Euros per year in
several European countries [5,6]. In contrast to many
other ungulates, the wild boar is an omnivore and
inhabits a vast range of habitats [3]. This situation often
determines serious conflicts with humans [7,8]. The wild
boar (Sus scrofa) greatly expanded their distribution
areas because of the progressive adaptation to the most
varied ecological and environmental conditions linked in
most part to modified biological factors [9-12]. In thirty
years, the home-range has quintupled, involving different
geographical areas. Wild boars are now diffused from
lowlands to hilly and mountainous areas; the presence of
wild boars has been observed also in the periphery of
urban areas (e.g. Rome).

The strong impact that the wild boar has on some
activities of economic interest contributes to sharpen the
contrasts between social categories (hunters, farmers,
foresters, public entities) having divergent interests. The
efficiency of hunting, feeding and fencing to reduce crop
damage by wild boars was largely studied [13]. The
conflict of interests linked to the presence of the wild boar
on the territory, together with some difficulties of
technical nature (for example related to the quantitative
estimate of the population), makes the management of
this species particularly problematic. In fact, the
management policies are inadequate as the lack of
technical organization. Today, the serious lack of money
invested by institutions to estimate the wild boars
population and its biological characteristics (e.g. potential
rates of population growth), together with the limited
knowledge in this field determine considerable difficulties
to face and solve these problems.

The first step in the management policies is to
determine the wild boars populations and the possible
changes coming out from the territories, appreciating
their incidence on the trophic scale in a given
environment. The estimation of the density of wildlife is
fundamental to improve the management and
conservation of this resource [14]. For many years, the
scientific community has developed accurate techniques
to register these populations through different census
applications. These techniques have to be calibrated in
relation to the species and the habitats. The outcome will
depend on the costs and the number of operators
available in the field. In this work, we applied one of these
estimation techniques on the local wild boar population:
the Faecal pellets Count Group. The Pellets Count Group

Miraglia N, et al. Estimation of the Wild Boar Population in the Italian Apennines by

(PCG) has been widely adopted, for the large-scale
monitoring, since its first description in 1940 [15]. It was
finalized to obtain a relative abundance index, and used to
ascertain the population distribution; moreover, it
allowed analysing the use of the habitat, although the
latter use is widely controversial.

This technique allowed to develop predictive models,
processed through the use of a GiS. Generally, this
technique is applied to obtain an estimate of the
abundance of ungulates, in environments with extensive
forest cover, where other methods cannot be used
successfully and are characterized by an unsatisfactory
cost / benefit ratio. The basic concept is that the density
of pellet groups is related to the average number of
animals in the same area for a given period. There are two
main types of pellet count: FSC (Faecal Standing Crop)
and FAR (Faecal Accumulation Rate).

The usual technique consists in counting the number
of pellet groups (PG) present within spatial sampling
units (transects, UC), selected according to a probabilistic
procedure, usually observing a stratification for habitat, in
order to improve the accuracy of the result [16]. In this
application, the sampling strategy is the most important
aspect in the planning phase; the effectiveness of the
results depends in most part on it. A preliminary
procedure (such as a pilot study) is recommended, in
order to verify if the technique is appropriate in relation
to: objectives; available economic and human resources;
environmental context; distribution of the abundance of
the target species. These latter elements strongly
influence the sampling procedure and the final result. In
particular, the pilot study is functional to the sampling
quantification (total length of the paths), useful to obtain
estimates values characterized by the desired degree of
variability [17]. Another fundamental element is the
preparation of the technicians.

In fact, the detection error could indeed represent an
important source of variability in the final result. It is
therefore necessary that the number of technicians
involved is limited and provided of an adequate specific
training. Also, the individual reading capacity of the
sampling unit should be accessed through a specially
planned field test. Before to start the process and the data
collection it is important to define the mode of
quantification of pellet groups and to establish rules for
the treatment and classification of all possible cases.
These cases are partly known and treated in specialized
literature; however, the execution of the pilot study will
help to identify others, helping to standardize the
detection mode between technicians. Pellet group is
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defined as an accumulation of at least 6 pellets produced
in the same event [18]. A pellet group needs of at least 6
fecal pellets [19]. When a PG is present on the edge of the
sampling unit, its inclusion or exclusion must be
established on the basis of the percentage of pellets inside
or outside the sampling unit; if the PG is situated exactly
on the edge of the sampling unit, it has to be included and
excluded from the count alternately [18].

The different ways to carry out the pellet count are
characterized by different levels of precision depending in
most part on the financial resources, the logistic and
organizational aspects. The accuracy of both methods
seems strongly influenced by the population density: both
are not very effective at low density (<5 heads / km2),
where they would not be able to detect a decrease of 10%
of the population, only after many years of monitoring
[20]. In the same conditions, the FSC produces more
precise estimates than FAR and others technics, although
the differences are rather small [19,20]; generally, these
differences depend on the accumulation time necessary to
apply the FAR. It should be stressed, however, that if
accumulation times are too long, the onset of PG
deterioration may occur; this situation could determine a
wrong application of the technique. The accuracy of the
results achievable with FAR may also be affected by a
larger number of zero-count sampling units and a smaller
overall sample, considered the detection effort (two
visits). According to FSC (Faecal Standing Crop), the UCs
is inspected only once. The FSC is measured by
quantifying the number of PG present in the UC; data are
subsequently converted into an estimate of the
population size, using some parameters such as: the rate
of defecation of the specific species and the decay rate of
the PG. This technique can also be combined to the
distance sampling technique. Usually, the measurement of
the defecation rate and the rate of decay are taken from
the literature, which provides fairly consistent values for
each species and for each habitat.

The FSC technique has some limitations, related to
systematic errors coming from the difficulty of detection
and classification of PG deteriorating [21], and the
quantification of defecation and decay rates. Smart, et al.
[20] believe that the FSC is more reliable than the FAR, so
much that it could be considered a valid alternative to
other methods, such as the distance sampling using
infrared technology; but it is important to underline how
the best performances of the technique depend on the
correct quantification of the decay times, habitats and
specific site of pellet groups. Generally, the count of
pellets groups can be considered an effective population
monitoring tool. The counting of pellet groups could be
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the right method to combine to the classical methods of
monitoring, where the data of consistency of the
population produced do not allow detecting its dynamics.
In this case, a survey by pellet count every 2-5 years with
an appropriate sampling effort could be sufficient to
verify any changes in the population size [20].

The realization of a pilot study, however, is essential to
ascertain which of the two modes of application is most
suitable to the environmental context, and the expected
goals, to get information about the ability of the technical
resolution in accordance to the extent of the demographic
variations that you want to detect. In this experimental
work, we tried to apply one of these estimation
techniques on the local wild boar population detected in
an Italian Regional Park located in Benevento area
(Southern Italy). The Faecal pellets Count Group was
applied to a large study area of this park, in order to
produce an experimental protocol, to consider as pilot
study to apply in other areas.

Materials and Methods

Study Area

The study area is located in the Italian Regional
Natural Park Taburno- Camposauro (Benevento -
Southern Italy). This park is inside the Taburno massif
(1394 m), where the surveys area for the estimate of the
population of wild boar was identified. The areas of the
Integral Reserve and of the General Reserve were selected
as sample unit (UC), eliminating inhabited centres and
anthropized areas (Figure 1). The survey area was
approximately of 2642 hectares. The habitats more
representative (> 200 ha) were selected:

- Chestnut woods (habitat code 9260), 218.74 ha,

- Oak and turkey oak woods of (habitat code 9250),
225.11 ha,

- Mesophilous mixed woods with alder, hornbeam, oak,
maple and chestnut (habitat code 9180 *), 401.48 ha,

- Mixed woods of oak, turkey oak, hornbeam and
flowering ash (habitat code 9250), 258.89 ha,

- Pure beech forests and aquifoglio (habitat code 9210%),
1236.5 ha.

Sampling Method

The choice of the monitoring-census techniques for
the wild boar species (Sus scrofa), was decided
considering the morphological differences of the territory
and the Habitats characteristics. Considering these two
elements it was decided to apply the Pellet Count Groups
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technique - Fecal Standing Crop (PCG-FSC). The chosen
method was the FSC (Faecal Standing Crop). According to
this method the UCs were inspected only once. The FSC
was measured by quantifying the number of Pellet Groups
(PG) present in the Sample Units (CU); subsequently it
was converted into an estimate of the population size,
using as parameters, the specific species defecation rate
and the rate of PG decay. The sampling technique was the
random-opportunistic-stratified, because the goal of the
sampling design was to maximize the efficiency of the
process, providing the best statistical estimates with the
least variability at the lowest cost [11].

Moreover, the random-opportunist technique was
turned out to be the most appropriate in relation to the
considerable surface of the study area, its morphology
and the number of operators. The distribution of the UC
sampling units (transects), was chosen according to some
territorial variables in order to analyze them separately
(stratified sampling by Habitat). In fact, the stratification
by type of Habitat is often useful to grasp the variability
deriving from the different distribution of animals
according to the habitats. With a GiS software [22], it was
developed an overlay to a vector file of the study area.
Several layers-layers (Habitat), were included into a grid
with quadrants of 400 m x 500 m (20 ha), creating 155
possible Sample Units (UC) (Figure 1). In this way it was
realized a first selection of the quadrants from the basal
grid, eliminating those that do not overlap with the
chosen Habitats and those falling into cultivated fields.

In fact, they represent just a feeding area for the
species but they are not relevant for the survey if
compared to those areas that provide shelter and food,
eliminating the dials of population centers. Subsequently,
with an inspection on the field other quadrants were
eliminated because the application of the technique was
not feasible (eg. rocky walls with steep slopes). The
Sampling Units (UC) chosen was constituted by strips of
ground, approximately 500 meters long; the width of 1 m
to the right (DX) and 1 m to the left (SX) of the midline of
the transept cover an area of 1000 m2 (2 m x 500 m)
(Figure 2). The length of the transects was established by
considering the environmental characteristics of the
habitats and the season (winter), because the accessibility
and visuality of PG on the ground are greater than in
spring and summer.

The starting points (start point transect) were
identified through GiS. The walking direction was
determined by opportunistic manner, choosing previously
the direction; the accessibility of the territory was chosen
as linear as possible, along 500 mt. The same procedure
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was used for all the transects. The starting points were
chosen close to the roads available or to treatable tracks,
paths, etc. to reduce costs and efforts in applying the
technique. The various data was noted on a special form
modified by previous protocols suggested by the Italian
Institute for Environmental Protection and Research [23].
Data included: survey card number, transept number,
operator name, date, start and end times, transect length
in meters, initial coordinates (Coord_SpT_E and
Coord_SpT_N), weather conditions, habitat typology,
number of find points pellet groups, number of fecal pellet
(number of PT), distance from right and left of the midline
(DX and SX), pellet status, coordinates of the find points
(East and North), altitude in meters, slopes, other tracks,
notes. The geographic coordinates of the starting points
were inserted into the GPS. The transect was traversed by
consulting the compass every 10-15 meters, to maintain
the previously established direction as much as possible.
The following precautions were followed in this phase
[24]:

- Constant speed

- Strong concentration

- Moment of pause, if tired

- Concentrate all the efforts on the central line with a
procedure such as: to look in the middle, on the right, in
the centre, on the left, in the centre, etc...

Fecal groups were observed only by the performer.
Those casually seen by the compiler cannot be considered
because the method is based on the decrease of the
measurements and on the increase of the distance from
the transept.

STUDY AREA

BASIC GRID
HABITAT

Figure 1: Study Area: quadrants are divided by
Habitats, and represent the Sample Units (UC), where
transepts start.
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Figure 2: Example of a transept, the arrows indicate
the Fecal groups.

Estimated density and values used in the decomposition
rate and defecation rate.
The formula applied to indicate density is [24]:

Npg/A
D = Npg/A—=—
PI/ATTF

D = DENSITY

Npg / A =n. Pellet Group/analysed area
T = decomposition rate

F = defecation rate

Results and discussion

Transects

14 transects were determined in 8 days over a period
of about three months (December 2016, February 2017,
March 2017). 1 to 2 transect were determined every 200
ha for each habitat type, for a total length of 7010 mt and
14020 m? (Figure 3):

- 501 m in Chestnut woods (9260)

- 1004 m in Cultivation woods of oak and turkey oak
(9250)

- 1007m in Mesophilous mixed woods with alder,
hornbeam, oak, maple and chestnut (9180 *)

- 1511 m in Mixed woods of oak, turkey oak, hornbeam
and flowering ash (9250)

- 2987 m Pure beech forests and aquifoglio (9210%)

B Mesophilous mixed woods with alder, hornbeam, 16000
oak, maple and chestnut (9180 *)

m Chestnut woods (9260) 14000
Cultivation woods of oak and turkey oak (9250) 12000
10000

Mixed woods of oak, turkey oak, hornbeam and
flowering ash (9250) 8000

m pure beech forests and aquifoglio (* 9210)

6000
B TOTAL HABITAT 4000
2000

0

m Mesophilous mixed woods with alder, hornbeam,
oak, maple and chestnut (9180 *)

M Chestnut woods (9260)
Cultivation woods of oak and turkey oak (9250)

Mixed woods of oak, turkey oak, harnbeam and
flowering ash (9250)

M pure beech forests and aquifoglio (* 9210)
B TOTAL HABITAT

Figure 3: Typologies of the transects analysed by habitat.

14020

1002 3022
2014 oos

m m2
1007 2014
501 1002
1004 2008
1511 3022
2987 5974
7010 14020
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Pellet Group and Rate Found

The Pellet Group (PG) of the wild boar has an
elongated shape of dark colour, generally depending on
the feeding. These pellet groups come out from many
single pellets; they over time are in most part
decomposed. 12 Pellets Groups were found; they were
distributed in the different habitats (Figure 4):

- 1 in Chestnut woods (9260) with a find rate of 9/ha,

- 1 in Cultivation woods of oak and turkey oak (9250)
with a find rate of 4, 98/ha,

-7 in Mesophilous mixed woods with alder, hornbeam,
oak, maple and chestnut (9180 *) with a find rate of 34,
76/ha,

- 0 in mixed woods of oak, turkey oak, hornbeam and
flowering ash (9250)

- 3 in Pure beech forests and aquifoglio (9210*) with a
find rate 5, 02/ha.

12

10

Figure 4: Distribution of faecal groups found in the various habitats.

® Mesophilous mixed woods with alder,
hornbeam, oak, maple and chestnut
(9180 *)

B Chestnut woods (9260)

Cultivation woods of oak and turkey
oak (9250)

Mixed woods of oak, turkey oak,
hombeam and flowering ash (9250)

m pure beech forests and aquifoglio (*
9210)

B TOTAL HABITAT

Since it was not possible to find fresh fecal groups in
the sampling areas, the average deterioration time (fecal
decomposition rate) was determined applying values
found in the bibliography, referred to similar
characteristics of the analysed habitats. The various
decomposition rates (T) used for the different typologies
are: chestnut woods, 19 days; cultivation woods of oak
and turkey oak, 39 days; mesophilous mixed woods with
alder, hornbeam, oak, maple and chestnut, 46 days; pure

beech forests and aquifoglio, 69 days [25,26]. Also, in the
case of the defecation rate (F) we used two reference
values [27,28], which are: 3.8 and 4.5. The results
obtained by applying two different defecation rates (3.8
and 4.5, Figures 5 & 6) show an average density of 7-8
garments per 100 ha. The values are very different from
one to another depending on the wooded habitats
examined.

19,88
20,00
18,00
16,00
14,00
12,00
10,00
8,00
6,00
4,00
2,00

0,00

density val_min (F_3,8)"100 ha

Figure 5: Defecation rate 3,8 [27].

ophilous mixed
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Figure 6: Defecation rate 4,5 [28].

These results lead to the following data concerning the
abundance of wild boars/100 ha in the different habitats:
- Chestnut woods (9260): 12/14 heads
- Cultivation woods of oak and turkey oak (9250): about 3
heads

- Mesophilous mixed woods with alder, hornbeam, oak,
maple and chestnut (9180 *): 17-20 heads

- Pure beech forests and aquifoglio (9210*): 2 heads.

In the case of mixed woods of oak, turkey oak,
hornbeam and flowering ash no wild boars were detected.
These results may have been conditioned by seasonality,
environmental conditions and species behaviour. In fact,
the wild boars move in the Park in the autumn-winter
period, when hunting is authorized in the surrounding
area. Consequently, it is in this period that they live in the
Park and consider it as a shelter area. Considering all the
areas together, there is an average value of 7/8 wild
boars/100 ha. with considerable discrepancies between
the different areas. Extrapolating the data obtained in
relation to the surfaces and to the types of habitat it is
possible to estimate the abundance values of the specie:
the estimate of the population of wild boars ranges from
164 and 187 in the study area, applying the two indexes
[27,28]. These estimates show a density much higher of
the sustainable-optimal density, which is of around 47
heads (considering 2 heads/100 ha). Our census data was
subsequently confirmed by harvest of the hunting bag
near the park. This density should be reduced considering
the relationships with other animal and plant species, and
the impact on human activities. In this way it is possible
to plan a balance that meets the conservation needs and
reduces the damage caused to agriculture, breeding and
other components of the ecosystem. To determine if the
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damage is tolerable or not in territory, the need for
intervention must be assessed.

Conclusion

The analysis of variation of wild boars distribution,
abundance and population dynamics provides essential
information for managing these populations. The
knowledge of the number of animals is fundamental to
plan correct systems to prevent the risk of damages to the
agricultural and forest environment. To determine if the
damage is tolerable or not in a territory, the need for
intervention must be assessed. Indeed, the same presence
of wild boar in protected areas has positive aspects
because they play an important role in the food chain and
in the trophic cascade (large carnivores), provided that it
does not exceed certain thresholds and become an
ecological problem. The optimal density depends on the
socio-environmental characteristics of the territory, the
damage recorded and the conservationist specific needs.

It is important to underline that the management of
damages is not limited only to the quantitative aspects,
but also to the different ways of perception of it. From a
practical point of view, this problem has to be discussed
and shared by all the social components involved in the
management of the species, such as the comparison
between the average "value" in terms of money paid for
damage and prevention. So far, the sustainable planning
and the objective-density parameters should not be
considered as immutable values, because they refer to the
principle of adaptive management and may vary over
time [29,30]. This is the principle of the adaptive
management. Wild Boar is one of the most difficult
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species to be registered; the PCG can be adopted even in
wooded environments.

This survey can be considered just a pilot study in the
Park area and represents a good starting point to plan a
more complete census of the wild boars. This kind of
survey should be repeated for several consecutive years,
crossing the various data, resulting from different types of
census-monitoring and increasing the intensity-effort and
data bases, to get a greater reliability. In this way it will be
possible to limit the error and consider population
dynamics. Therefore, in addition to the work of estimating
quantitatively the park populations (limit of the
application of the technique of counting faecal groups), it
would be essential to know the population dynamics and
its distribution by age and gender, in order to keep the
wild boar population under control. This means to
stabilize the populations if poorly managed, keeping
under control the Annual Useful Increase index (IUA),
based on processes related to the birth-immigration and
mortality-emigration of the species. Nevertheless, the
technical parameters could be considerably affected by
the policies that the park assumes. This decision should
be based on the basic choices, made at the time of drafting
and adoption of the Park Plan (Italian Law 6 December
1991, n. 394, Art. 12, paragraph 1, letter e), but at the
same time being adaptive to the evolution of the wild boar
population.
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