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Abstract The wild boar is a native animal species of the
Czech Republic that has significantly increased its population
density in recent years. Objective methods of population
density estimation are required to inform the intensity of
regulation needed for the sustainable management of the wild
boar. Population estimation and regulation of the abundance
of the wild boar are problematic in comparison to those of
other ungulates, and the only widely used method of control is
intensive hunting. The purpose of this study was to test if
faecal pellet group (FPG) counting was a reliable method of
wild boar population censusing in a forest environment. The
density of wild boars was evaluated in an area of 22.56 km2,
circumscribed by both natural and man-made barriers that
restrict wild boar migration. As it is essential for proper
application of FPG count methods, a separate trial was carried
out to determine the daily defecation rate of wild boars. The
distribution of faeces in different types of habitat in a forest
environment was tested. As the period of faeces accumulation
fell within the intensive hunting season, the result is biased by
the fact that the calculation includes FPGs produced by ani-
mals removed from the population through hunting during
winter. The average daily defecation rate of adults and piglets
was 4.29 and 5.82, respectively. The corrected (without shot
animals) average density of wild boars in the study area
estimated by the FPG count at the time of the census was
6.08 individuals (ind.)/km2. We have confirmed that an FPG
count conducted in winter is applicable for estimation of wild
boar abundance on a forested area.
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Introduction

The wild boar is a native and important species of the Czech
Republic fauna. The abundance of the wild boar has varied
significantly throughout the last centuries, and early in the
nineteenth century, the wild boar was eradicated in order to
prevent extensive damage to agricultural crops (Hladíková
et al. 2008, Apollonio et al. 2010). After the Second World
War, the wild boar began recolonising the Czech Republic,
and today, its growing population presents an economic, eco-
logical and social threat not only in the Czech Republic but
also across Central Europe (Keuling et al. 2013, Acevedo et al.
2014). The most serious consequences of the increase in wild
boar density are the damage to agricultural crops, road acci-
dents, transmission of infectious diseases and the destruction
of managed green spaces in populated areas (Geisser 1998,
Brauer et al. 2006, Herrero et al. 2006, Acevedo et al. 2007).

The main goal for wildlife managers is to halt the continual
increase of the wild boar population and manage it sustain-
ably. Although there are several possibilities for wild boar
population control including poisoning, sterilization of fe-
males and trapping (Cruz et al. 2005, Killian et al. 2006,
West et al. 2009, Braga et al. 2010), in Central Europe,
practically the only widely used method is intensive hunting
(Fruzinski and Labudzki 2002, Keuling et al. 2013). The
success of wild boar population control by hunting depends
on a number of variables including the annual reproduction
rate, the distribution of attractive food sources and cover and
the skills of hunters and hunting pressure (using efficient
hunting methods, precise estimation of wild boar abundance
and an annual harvest plan).

Wild boars generally start to conceive at 8–12 months and
can continue to produce approximately four to seven young
throughout their adult lives (Gethöffer et al. 2007, Fonseca
et al. 2011). If the population is to be successfully reduced,
hunting pressure has to eliminate the annual increment and a
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percentage of the adult females from the breeding population.
The intensity of hunting pressure in recent years has apparently
allowed the wild boar population to expand, whilst efforts to
stop or slow population growth have been limited by the low
accuracy of current abundance estimations (Merli and Meriggi
2006). Wildlife managers therefore need accurate estimations
of wild boar density to inform decisions on the numbers of
individuals that need to be removed. For this reason, improved
methods to determine wild boar abundance are a key pillar in
the management of this species (Engeman et al. 2013).

The accuracy of population estimation depends on a
number of factors such as species, method used, experi-
ence of researchers, season of the year and many others
(Mayle et al. 1999). Determination of wild boar abun-
dance is, compared to other free-living ungulates, very
problematic due to their secretive habits, migrations be-
tween fields and forests and highly variable reproductive
rate (Engeman et al. 2013). Therefore, the only reliable
source of data for wild boar populations comes from
steadily increasing hunting records (Hladíková et al.
2008). Hunting records show population trends in large
areas and over long periods, but they are not suitable for
adaptative management in small areas, where the density
of wild boars can significantly fluctuate during the year.
More reliable methods to estimate wild boar density have
therefore been developed. Estimating abundance and reg-
ulating a wild boar population, in comparison to other
wild living ungulates, are problematic. A variety of obser-
vation techniques have been used in studies to determine
various wild boar populations in Europe (Focardi et al.
2002); however, they are simple but often inaccurate
(Mayle et al. 1999). In other instances, wild boar numbers
have been assessed by the repeat counting of marked
individuals (Waithman et al. 1999), counting of tracks on
snow cover (Fonseca et al. 2007) and phototrapping com-
bined with marked individuals (Sweitzer et al. 2000,
Hebeisen et al. 2008, Franzetti et al. 2012) or without
the need for individual recognition (Rowcliffe et al. 2008)
used on wild boars by Passon et al. (2012). Some of these
methods have low accuracy whilst others require signifi-
cant investment in time and money.

Faecal pellet group counting is one of the most com-
mon (Neff 1968, Hemami and Dolman 2005) and the
most accurate (Barnes 2002, Campbell et al. 2004)
methods of abundance estimation in free-living animals.
The method originated in the late 1930s (Neff 1968), and
there are several modifications now widely used and con-
sidered as both reliable and economic. Furthermore, the
technique has also been successfully applied to non-
ruminant species including the snowshoe hare (Prugh and
Krebs 2004) and red fox (Webbon et al. 2004).

Faecal pellet group counting has been neglected so far
in wild boar population density estimation principally for

three reasons: (1) uneven distribution of wild boar faeces
in the environment, (2) the lack of data on its defecation
rate and (3) low defecation rate in comparison to that of
ruminants.

The distribution of wild boar faeces is influenced by
the tendency of wild boars to predominantly defecate in
places where they feel safe and during eating (Musial
et al. 1999). Therefore, it is not possible to use FPG
count to determine the distribution of wild boars across
the habitats that they utilize, including their preferential
biotopes, or to accurately estimate their abundance in
small areas. Nevertheless, FPG counts could be
employed to census wild boar populations in larger
areas under certain conditions. Generally, it is not pos-
sible to determine the daily defecation rate in free-living
animals (Košnář and Rajnyšová 2012); therefore, defe-
cation rate is mostly determined experimentally using
animals held in captivity. These experiments simulate
natural feeding conditions using food sources that would
be available to free-living animals. However, both the
quality and quantity of food accessible to free-living
wild boars vary markedly throughout the year (Massei
et al. 1996, Schley and Roper 2003); hence, the defe-
cation rate can also fluctuate. Food supply can be
markedly affected by supplementary feeding and baiting
(Geisser and Reyer 2005) whilst seasonality can affect
the results of defecation decomposition rate experiments.
Reduced levels of vegetative cover associated with the
winter period simplify FPG observations (Campbell
et al. 2004) whilst an absence of dung beetle activity
(Massei et al. 1998) prolongs the availability of FPGs
for counting, making it simpler to undertake this type of
work than would be the case at other times of the year.

The main aim of this study was to assess the applica-
bility of FPG counting to estimate a wild boar population
in winter. To achieve this, we undertook, firstly, an anal-
ysis of wild boar FPG distribution in the forest environ-
ment and, secondly, an assessment of wild boar defecation
rate.

Study area

The study area of 22.56 km2 is situated in the
Drahanská vrchovina highlands in the south-eastern part
of the Czech Republic, at an average altitude of 450 m
a.s.l. (Fig. 1). The selected area is completely afforested
and is enclosed within natural borders and man-made
barriers that limit the migration of wild boars. From the
south and the west, it is surrounded by extensive areas
of agricultural land and a water basin and from the
north and the east by a busy public road. Although
the fields and the road do not prevent migration of
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wild boars, the movement of wild boars from the study
area during winter is believed to be extremely limited.
During winter, the wild boars were induced to remain in
the study area by placing supplementary feed on

permanent sites whilst the surrounding areas remained
covered with deep snow without any food and cover.
For a detailed description of the study area, see Plhal
et al. (2011).

Fig. 1 Study area—borders and distribution of localities (1–10) within the study area during the data field collection, winter 2009–2010
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Material and methods

Defecation rate

A separate trial aimed to determine the daily defecation rate of
wild boars was conducted in two enclosures of approx.
800 m2 near the study area, with very similar natural and
climatic conditions, in the period from December 2010 to
February 2011. The first enclosure (enclosure 1) contained
two tame adult 3-year-old boars (one boar, one sow). Approx-
imately half of the area of the enclosure was covered with a
30-year-old pine stand, the other half with a thin stand of
mature broadleaves with an associated understorey of thin
undergrowth. In the second enclosure (enclosure 2), 6-
month-old piglets were kept (Table 1). The entire area of
enclosure 2 was situated in a mature broadleaved stand with-
out undergrowth. Throughout the experiment, the animals in
both enclosures were offered a limited amount of a mix of
cereal grains in order to simulate the feeding conditions of the
free-living wild boars in the Czech Republic that feed mainly
on cereals at feeding stations (Plhal et al. 2011). Natural
sources of food were not available in either of the enclosures,
and all the animals had free access to water. The experiment
was carried out during optimal climatic conditions when dry
frosty weather prevented destruction of the faeces by decom-
position, dilution, burying or trampling.

To estimate the defecation rate, we firstly removed all the
faeces from the enclosures; after a set period, we counted all
the faecal pellet groups found and then removed all the faeces
again to allow a repeat of the process. The period of exposition
had to take account of the number of animals present in order
to prevent destruction of FPGs by trampling or their overlay-
ing in places with faeces accumulation. In the enclosure with
adult boars, the period of exposition was 3–6 days; in the
enclosure with piglets, it was 1–2 days (Table 1).

The daily defecation rate of one animal was determined by
the equation:

DR ¼ N

a� x

DR Daily defecation rate (number of FPGs per animal per
day)

N Number of FPGs in the enclosure
a Accumulation period (days)
x Number of individuals in the enclosure

Subsequently, we calculated the mean defecation rate from
all the counts conducted, separately for piglets and for adult
boars. To estimate the wild boar population density in the
study area, we used the mean defecation rate of wild boars,
as the weighted average in relation to the share of piglets and
adults in our population, which was 1.0:1.3 (Plhal et al. 2011).
Experiments were carried out in accordance with applicable
legislation in the Czech Republic.

Population density estimation by FPG count

The study area was divided into seven basic types of habitat
(clearing, young broadleaved growth, young coniferous
growth, broadleaved pole stand, coniferous pole stand, mature
broadleaved stand, mature coniferous stand). The percentage
of each habitat in the total area was estimated from forestry
records and a field inspection (Table 2). Ten localities, evenly
distributed over the study area, were chosen for FPG counting.
Data were collected in all seven types of habitat at each of the
ten localities (Fig. 1), for 6 days immediately after snowmelt
in spring (18–23 March 2010). In each habitat type, we
counted FPGs on eight single-sampling uncleared strip tran-
sects of 100×2m (200m2). Hence, we sampled 56 transects at
each of the ten localities (560 transects in total) which equate

Table 1 Defecation rate (DR) and description of field experiments during winter 2010/2011

Enclosure Date of clearing Date of counting Accumulation (days) Number of FPGs DR

1 13 Dec 17 Dec 4 37 4.63

1 17 Dec 23 Dec 6 43 3.58

1 18 Feb 22 Feb 4 46 5.75

1 22 Feb 25 Feb 3 18 3.00

1 25 Feb 1 Mar 4 36 4.50

2 27 Dec 29 Dec 2 74 6.20

2 29 Dec 31 Dec 2 70 5.87

2 31 Dec 2 Jan 2 64 5.37

2 2 Jan 4 Jan 2 76 6.37

2 22 Feb 24 Feb 2 60 6.04

2 24 Feb 25 Feb 1 25 5.08

FPGs faecal pellet groups
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to 0.5 % of the whole study area. Eighty transects were
situated in each of the seven types of habitat. The period of
faeces exposition, chosen with respect to the local climatic and
natural conditions, lasted from 1 November 2009 until the day
of counting, i.e. 137–143 days (140 days on average).

For each type of habitat, we calculated the mean number of
pellet groups for the whole area it represented. Consequently,
the absolute number of wild boars was estimated separately
for each habitat according to the equation:

PDi ¼ xi
AP� DR� Pi

PDi Population density for habitat i (individuals (ind.)/km2)
xi Number of FPGs on transects in habitat i
AP Accumulation period
DR Daily defecation rate
Pi Total area of transects in habitat i (km2)

As the period of faeces accumulation fell within the inten-
sive hunting season, the result is biased by the fact that the
calculation includes FPGs produced by the animals subse-
quently removed during the winter. To achieve a more accurate
estimation of wild boar abundance at the time of the census, we
subtracted the number of FPGs equivalent to the number of the
shot individuals from the total number of the recorded FPGs.
The number of pellet groups produced by the shot individuals
was determined from the defecation rate and the date of shoot-
ing of the individual animals according to the equation:

x ¼
X

k¼1

n

k � DR1 � ak þ DR2 � bkð Þ
" #

x Number of FPGs produced by the shot animals within
the study area

n Number of events (140 days)
DR1 Defecation rate of piglets
DR2 Defecation rate of adults

ak Number of shot piglets on a specific day
bk Number of shot adults on a specific day

Subsequently, the estimated total number of pellet groups
produced by the shot individuals was divided proportionally
between the individual habitats and subtracted from the num-
ber of FPGs found in each habitat. This corrected number of
FPGs was used in the calculation of the final population
density of wild boars in the study area at the time of the
census.

Preference of habitats (Px) was expressed with the Jacobs
index (Hansen 1996):

Px ¼
x1

y1
−
x2

y2

� �

x1

y1
þ x2

y2

� �

where x1 is the number of faeces counted in habitat x, x2 is the
size of habitat x, y1 is the total number of counted faeces and
y2 is the size of the total area.

The index can take on values from −1 to +1, the positive
values indicating positive selection and the negative values
negative selection of the respective habitat. Statistical analysis
was performed using SPSS statistical software.

Results

Defecation rate

Throughout the 32 days of the experiment, the wild boars
produced 549 FPGs in total (adults, 180 groups; piglets, 369
groups; see Table 1). The average daily defecation rate of
adults was 4.29 FPGs (3.00–5.75; n=5); for piglets, it was
5.82 FPGs (5.08–6.37; n=6). The difference between the

Table 2 Density of wild boars (ind./km2) in the study area

Habitat Age of trees Pi xi DDi DDix PDi PDix

1, clearing 0–5 1.58 3.20 6,317 5,060 9 7

2, young broadleaved growth 6–20 1.35 11.70 19,796 15,857 29 23

3, young coniferous growth 6–20 1.81 12.35 27,862 22,317 40 32

4, broadleaved pole stand 21–50 2.93 4.15 15,214 12,186 22 18

5, coniferous pole stand 21–50 3.61 6.25 28,200 22,588 41 33

6, mature broadleaved stand 51+ 5.19 1.95 12,648 10,131 18 15

7, mature coniferous stand 51+ 6.09 1.15 8,756 7,014 13 10

Total 22.56 5.82 118,793 95,153 171 137

Pi area (km
2 ), Xi average density of FPGs per transect (200 m

2 ), DDi total number of FPGs,DDix corrected number of FPGs, PDi estimated density of
wild boars without correction (ind./km2 ), PDix estimated density of wild boars with correction (ind./km2 )
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defecation rate of adults and that of piglets was statistically
significant (Mann-Whitney U test; p=0.018). The modified
average winter defecation rate of wild boars in the study area
(weighted average reflecting the share of piglets and adult
boars in the local population) was 4.95 FPGs/ind./day.

Population density estimation by FPG count

The distribution of FPGs on the transects of 200 m2 was
uneven, and the percentage of sites with a zero value was
high. Therefore, we pooled the data from every four adjacent
transects (in each habitat at each locality, there were two
transects of 800 m2). The resulting set of data showed normal
distribution within the individual types of habitat (one-sample
Kolmogorov-Smirnov test; p>0.05; N=20; for all cases),
except for habitat 1 (p=0.042). The density of faeces was
uneven in the individual types of habitat (ANOVA; F6–133=
16.07; p<0.001). The highest density of faeces was in young
coniferous and broadleaved growths (habitats 2 and 3), as
there were more FPGs than in other types of habitat (Games-
Howell post hoc test; p<0.05; for all cases). The lowest
density of faeces was found in older stands, both broadleaved
and coniferous (p<0.05; Fig. 2). According to the index of
preference based on defecation rate, wild boars preferentially
selected young growth during winter (Px>+0.5) and, by con-
trast, avoided the mature stands (Px<−0.6); as for the other
types of habitat, the animals did not show a preference for any
of them (+0.05>Px>−0.12).

Based on all the FPGs collected, the number of wild boars
in the study area was estimated at 171 individuals (±59; 95 %
confidence interval (CI); Table 2). During the period of faeces
accumulation, 71 wild boars were shot in the study area in

total, of which 62 were piglets and 9 were adults. From 1
November 2009 until being shot, these animals produced an
estimated 23,640 FPGs, which make approx. 20 % of the total
number of wild boar pellet groups found in the study area.
After subtraction of the pellet groups left in the area by the
shot boars, the number of individuals present at the time of the
FPG count decreased to 137 (±36; 95 % CI). The corrected
average density of wild boars in the whole area at the time of
the census was 6.08 ind./km2 (±1.59; 95 % CI).

Discussion

The wild boar defecation rate determined in this study (4.95
FPGs) was very similar to the value 4.5 (Tottewitz et al. 1996),
mentioned in the works of Cristescu and Ion (2007) and
Heinze et al. (2011). The same value, 4.5, in average (varying
from 3 to 6.25) is published by Briedermann (1986). Rather
higher values are reported in the work of Musial et al. (1999)
who had determined the number of defecations in experimen-
tal miniature pigs between 4.8 and 9.4 per individual and day.
Similar results (ten defecations per individual and day) were
found in Iberian pigs during the autumn mast period
(Rodríguez-Estévez et al. 2005). Such high values, however,
may have been caused by laboratory environment and feeding
ad libitum.

A correct determination of the decomposition rate is very
important when applying FPG counting to estimate wild boar
population density. The values of decomposition rate can vary
greatly depending on vegetation, air temperature, humidity,
precipitation and dung beetle activity (Massei et al. 1998,
Laing et al. 2003, Hemami and Dolman 2005). The most
intensive decomposition occurs in the vegetative growing
period and during full dung beetle activity in habitats with
dense ground vegetation; in contrast, the longest decomposi-
tion has been observed in coniferous stands without ground
vegetation (Tsaparis et al. 2009).When determining the faeces
exposition period in broadleaved forest stands, attention must
be paid also to the fact that older pellet groups get covered
with autumnal leaf fall (Tsaparis et al. 2009). For this reason,
we scheduled the beginning of the faeces exposition period in
the study area for the time after leaf fall. Winter is an ideal
period for faeces counting (Massei et al. 1998). During this
season, faeces are subject to minimum decomposing factors
and so they remain in the environment in an almost unchanged
state and are suitable for counting before the start of the
growing season. Massei et al. (1998) determined the period
of wild boar faeces disappearance in winter in an area of
Mediterranean climate to be approx. 120–240 days depending
on the type of habitat.

The density of the wild boar population that we have
estimated by FPG count in the study area was 6.08 ind./km2.

Fig. 2 Density and distribution of FPGs within seven types of forest
habitat (for a description of the habitats, see Table 2). In the box are shown
the median, quartiles, outlier (circle) and extreme (asterisk) values
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This value corresponds to the values obtained from the same
area and the same period determined by phototrapping
(6.8 ind./km2) and by snow track count (6.3 ind./km2, Plhal
et al. 2011). Additionally, the derived figures are very similar
to the abundances of wild boars noted in other studies, i.e. in
the Bialowieza National Park (3.5–5.9 ind./km2; Jedrzejewska
et al. 1994) or in a similar forest environment, southwestern
Germany (3.5 and 5.0 ind./km2; Ebert et al. 2012). Some other
studies report a large variation range of population densities,
i.e. in the forests of other European countries (1.5–12 ind./
km2; Hebeisen et al. 2008) or in western Eurasia (0.01–
10 ind./km2; Melis et al. 2006). The fact that FPG count
produced results comparable to the other methods indicates
that its application in optimum conditions (stable non-
migrating population, sufficiently high population density of
wild boars, sufficiently large area and persistence of faeces in
the environment) is possible. An undeniable advantage of
FPG count is that it does not require expensive equipment
such as phototraps and does not rely on optimum snow
conditions (in contrast to snow track counting) (Table 3).

The accuracy of wild boar abundance estimation by FPG
count is significantly affected by an uneven distribution of
faeces in different types of habitat; therefore, the deviation from
the mean value is markedly higher than in the other methods
(Table 3). This variation is caused by the fact that (1) wild boars
defecate less often than ruminants, (2) they prefer places where
they feel safe and (3) they often defecate together. Putten (2000)
reports that wild boars never defecate directly in their resting
area but only at a certain distance from it. The theory of uneven
faeces distribution corresponds with the observation of Musial
et al. (1999) that defecation ofwild boars usually happens during
food intake. This is the reason why, in wild boars, the distribu-
tion of FPGs is markedly more patchy than that in ruminant
ungulate species (Abaigar et al. 1994), invoking the need to
monitor the population on a sufficiently large area, to define the
habitat categories precisely and to determine the percentage of
each in the total area of the studied region. In our study area, the
highest concentration of faeces was found in young stands that
provided good shelter for wild boars (11.7–12.3 FPGs per
200 m2) and about ten times lower in places without

undergrowth (1.15–1.95 FPGs per 200 m2). Our results corre-
spondwith previously published data. For example, Gerard et al.
(1991), Lemel et al. (2003) and Keuling et al. (2008) report that
during daylight, wild boars usually seek shelter and rest in
young dense tree stands. Wild boars prefer mainly the beech-
hornbeam and oak stands where they have the opportunity to
feed on the mast crop (Abaigar et al. 1994, Fonseca 2008). On
the other hand, Thurfjell et al. (2009) confirm that young boars
favour young coniferous stands to broadleaved stands in winter
in conditions very similar to those of our study area—including
intensive additional feeding—except in a mast year. In our study
area, there were very few natural sources of food for wild boars
available at the time of data collection and so the animals
depended upon the food from feeding stations (Plhal et al.
2011).

The significant variation in the spatial distribution of faeces
could be turned into an advantage through considerable simpli-
fication of data collection. In our study, 82 % of wild boar
defecations were localized on 50 % of the study area in habitats
1–5. Stands without undergrowth (habitats 6 and 7) formed one
half of the area, but only 18 % of faeces were found there.
Provided that the percentage of faeces found in the areas without
shelter is constant, it would be possible to limit FPG counting to
the localities where they are more abundant and to reduce the
labour input associated with material collection markedly with-
out loss of accuracy. However, the distribution of faeces will
always depend on the specific environment, distribution of food
sources and percentage and proximity of the areas providing
shelter, all of which we would recommend considering when
planning this method of population estimation.

Management implications

We have confirmed that FPG counting conducted in winter is
an appropriate and applicable method to estimate wild boar
abundance over a moderately large forested area where the
animals are actively hunted. Moreover, FPG counting in-
volves no expensive equipment and the level of training
required to achieve competency compares favourably with

Table 3 Comparison of costs and accuracy of the method used to estimate wild boar density within the study area

Method Collecting data (h)b Analysing data (h)b Equipment (€) Other costs (€)c Total costs (€) Accuracyd

Dung count 80 2 0 25 435 26.3

Phototrapsa 21 20 4,800 100 5,105 (305) 1.4

Snow tracksa 45 2 0 50 285 7.7

a Data from Plhal et al. (2011)
b Average, €5/h
c Operating and consumables costs
d Percentage of deviation from the average (%)
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that of other methods. To improve the accuracy of the popu-
lation estimation, it is our opinion that the initial FPG counts
require sample sizes obtained from as large an area as possible
across a range of habitats to minimize the errors due to the
uneven distribution of faeces. However, having verified the
percentage of faeces found in areas devoid of undergrowth, it
should be possible to count FPGs on significantly reduced
areas (approximately half in our study area) without
compromising population estimation accuracy. Further re-
search is required to determine the distribution of faeces in
different environments, to verify the defecation rate of wild
boars in relation to the type of diet and to further test the
accuracy of the wild boar abundance estimation by FPG
counts compared to that of other methods.
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