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Abstract

Reproduction of wild boar in a cropland and coastal wetland area: implications for management.— The repro-
ductive parameters of a wild boar population located in a coastal landscape with a mosaic of cropland and
wetland habitats were analysed and compared with those observed in wild boar populations living in other
habitats. A total of 296 reproductive tracts of females captured year round at the Aiguamolls de I'Emporda
Natural Park were collected and analysed from 2000 to 2010. The foetuses were counted, sexed and aged
and the mating and birth periods were determined. The weight and age of each female were also recorded.
In accordance with the pattern observed in most European populations, a marked main mating season from
October to January was observed. Within this season, there was a peak during November and December,
in which 64% of the conception dates were recorded. The proportion of breeding females, ovulation rate
and litter size increased with the weight of the reproductive females. A mean litter size of 5.01 + 1.33 (range
from two to eight) foetuses was recorded. This value is the highest known litter size recorded in wild Iberian
populations and is similar to values observed in central Europe. Furthermore, it is not in accordance with the
pattern reported for other European populations in which a positive correlation between litter size and latitude
was observed. The most likely explanation for the high reproductive output in the study area is the availability
of food year round, and especially the high consumption of crops such as maize and sunflower. Our results
suggest that colonisation of cropland and wetland areas is contributing to the rise in the wild boar population
density. Control strategies should consider not only reducing numbers of adult females but also applying
measures to reduce food resources available to wild boar.
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Resumen

Reproduccién del jabali en habitats de cultivos y humedales costeros: implicaciones sobre la gestion.— Los
parametros reproductivos de una poblacion de jabali localizada en un paisaje costero, con un mosaico de culti-
vos y humedales, fueron analizados y comparados con los observados en poblaciones de jabali que colonizan
otros habitats. Se analizaron un total de 296 tractos reproductivos procedentes de hembras capturadas a lo
largo de todo el ciclo anual en el Parque Natural de Els Aiguamolls de I'Emporda entre los afios 2000 y 2010.
Se contaron los fetos que presentaban las hembras gestantes y se determiné su sexo y edad, asi como los
periodos de copula y parto. También se registré el peso y edad de cada hembra. De acuerdo con el patron
observado en la mayor parte de poblaciones europeas de la especie, se observé un periodo de celo principal
entre octubre y enero, con un méaximo durante noviembre y diciembre, meses que concentraron el 64% de las
copulas. La proporcién de hembras gestantes, la tasa de ovulacion y el tamafio de camada aumentan con el
peso de la hembra. El tamafio medio de camada registrado fue de 5,01 £ 1,33 (rango de dos a ocho) fetos.
Este valor es el mas elevado registrado en poblaciones salvajes Ibéricas y es parecido al observado en algunas
poblaciones del centro de Europa. Ademas, no se corresponde con el patrén descrito para las poblaciones de
jabali en Europa segun el cual se aprecia una correlacion positiva entre el aumento del tamafio de la camada
y la latitud. La explicacidn mas probable para la alta productividad de la poblaciéon en la zona de estudio es
la gran disponibilidad de alimento a lo largo de todo el afio y, especialmente, el elevado consumo de plantas
cultivadas, particularmente maiz y girasol. Estos resultados sugieren que la colonizacién de zonas agricolas
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y humedales contribuye al aumento de densidad de poblacion del jabali y las estrategias de control deberian
considerar tanto la reduccion del numero de hembras adultas como la aplicacion de medidas para reducir la
disponibilidad de recursos tréficos accesibles para el jabali.
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Introduction

The wild boar (Sus scrofa L., 1758) has become a
species of strategic social and economic interest.
European populations have increased greatly in
recent decades (e.g. Genov, 1981; Erkinaro et al.,
1982; Saéz—Royuela & Telleria, 1986; Goulding et al.,
1998; Melis et al., 2006; Apollonio et al., 2008). The
species affects biodiversity and protected areas and
has been highlighted as a vertebrate that can modify
natural plant communities (e.g. Engeman et al., 2007;
Mufioz & Bonal, 2007; Webber et al., 2010; Bueno et
al., 2010). It also damages crops (e.g. Mackin, 1970;
Goulding et al., 1998; Schley & Roper, 2003), affects
forest regeneration and habitat restoration (Mayer et
al., 2000; Gémez & Hodar, 2008), generates conflicts
as a result of its presence in urban areas (Cahill &
Llimona, 2004; Jansen et al., 2007), and causes
traffic accidents due to collisions (Groot Bruinderink
& Hazebroek, 1996; Colino et al., 2012). Wild boar
also have the potential to transmit disease to livestock
(Gortazar et al., 2006; Santos et al., 2009). Control
of wild boar populations is thus a major challenge for
wildlife managers, and conflict mitigation measures
are required (for a review see Massei et al., 2011).

The species has a higher reproductive potential
than other ungulates. They show an early onset of
puberty, a relatively short gestation period and high
mean litter size (Mauget, 1972). This is a key ecolo-
gical feature that, together with its opportunistic, om-
nivorous diet (for a review see Schley & Roper, 2003)
and its adaptability to a high variety of landscapes,
has allowed wild boar to expand its distribution and
numbers. Previous studies showed that food availabi-
lity, determined by habitat features, weather conditions
and human influence (the provision of supplementary
food and crops), plays a role in wild boar body weight
and reproductive parameters (e.g. Matschke, 1964;
Briedermann, 1971; Pepin et al., 1987; Gaillard et al.,
1993; Fernandez—LLario & Mateos—Quesada, 2005;
Treyer et al., 2012). Weather factors affect the abun-
dance, quality and accessibility of food. Snowfall and
low temperatures in winter periods have been found
to affect reproductive parameters in North European
populations (Oloff, 1951) and the effect of summer
drought has been reported in Mediterranean areas
(Massei et al., 1996; Fernandez—Llario & Carranza,
2000). The influence of diseases on wild boar fertility
and reproductive outcome was found to be of minor
interest in some German populations (Gethoffer et
al., 2007), but ovulation rate was negatively related
to the seroprevalence of some protozoan parasites in
Spanish populations (Ruiz—Fons et al., 2006).

A strong correlation between wild boar litter size
and latitude has been reported in European popu-
lations, with litter sizes increasing by an average of
about 0.15 offspring per degree of latitude (Bywater
et al., 2010). The lowest average litter sizes, around
three foetuses per female, are found in southern Spain
(Fernandez-Llario & Carranza, 2000) and maximum
litter sizes, above six foetuses per female, have been
reported in Hungary and Germany (Oloff, 1951; Nahlik
& Sandor, 2003; Gethoffer et al., 2007). In the Iberian

populations, a range from 3.05 (Fernandez-Llario
& Carranza, 2000) to 4.5 foetuses per reproductive
female (Herrero et al., 2008) has been reported.

In this study, we analysed the reproductive parame-
ters of a wild boar population living in a coastal wetland
habitat surrounded by cropland. Food availability here is
high year round. We assessed whether the productivity
of this population is similar to that observed in other
Iberian populations inhabiting forest and bush habi-
tats and investigated the influence of female age and
weight. Furthermore, we discuss the application of the
results to control strategies and adaptive management
of wild boar populations.

Material and methods

The study was carried out in the Aiguamolls de 'Emporda
Natural Park (42° 13' 28.09" N, 3° 05' 34.92" E
Catalonia, NE Spain). This is a Mediterranean coastal
wetland area that has been declared an Important Bird
Area (IBA) and is included in the Natura 2000 network.
It has a total surface of 4,824 ha and includes four
Integral Nature Reserves. The area is at sea level and
is located between the Muga and Fluvia Rivers. The
climate is Mediterranean with a total precipitation of
600 mm and dry periods during the summer and the
winter. The mean annual temperature is 21.5°C max
and 10.7°C min.

The typical habitats of coastal marshland areas
are found in the Natural Park, including beaches with
sand dunes (5% of the total surface), salt marshes with
vegetation dominated by glasswort Arcthrocnemum
fruticosum, cordgrass Spartina versicolor and rush
Juncus maritimus (35%), coastal lagoons with brack-
ish/salt and fresh water (10%) ,and reed beds covered
by reed Phragmites australis and lesser bulrush Typha
angustifolia (35%). Meadows are separated by trees
and small forests of tamarisks (Tamarix gallica and
Tamarix africana), and are flooded in some periods
(15%). The Natural Park is surrounded by irrigated
agricultural land where the main crops are sunflower
Helianthus annuus, maize Zea mays, barley Hordeum
vulgare and, to a lesser extent, fruit trees such as apple
Malus sp. and small areas of rice fields Oryza sativa.

The area is home to a wide range of vertebrates
with species of high conservation value. Two ungulate
species are present in the Natural Park: fallow deer
Dama dama, which was introduced into the area in
1993, and wild boar. Wild boar was only an occasional
visitor before 1990, but the population has expanded
and it is now one of the most abundant mammals in
the area. No supplementary food is given to the popu-
lation. Population control is required as a result of the
high concentration of wild boar in the nature reserves.
Since 1998, this has been carried out by rangers in
the reserve areas, as hunting is forbidden.

A total of 296 female wild boars captured at the
natural reserves were collected from 2000 to 2010.
All harvested females were weighed (total weight
was recorded before evisceration) and their age was
estimated according to tooth eruption and replace-
ment pattern (Matschke, 1967; Saenz de Buruaga et
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al., 1991). The reproductive tracts (uteri and ovaries)
were collected, preserved in formol 5% and examined
in the laboratory. Ovarian activity was recorded and
the ovulation rate was estimated as the mean of cor-
pora lutea found in both ovaries. The foetuses in the
uterus of pregnant females were counted, weighed,
measured and sexed (when possible). The foetal age
was determined using the formula

A =225378 + 0.2893 L

where A is the age of the foetuses (in days) and L
is the average length of the foetuses found in each
uterus (Vericad, 1983). Using the female’s date of
death and the estimated age of the foetuses, the
conception and birth (120 days after copulation,
Mauget, 1972) dates of each litter were determined
and grouped in monthly periods. The litter size was
defined by the mean number of foetuses found in the
uteri of the pregnant females. Intrauterine mortality
was determined following Mauget (1972) and Abaigar
(1992) where
Ovulation rate — Litter size

IUM = Ovulation rate x 100

Annual productivity for each weight class was es-
timated according to Mauget (1982), considering
the proportion of breeding females and the mean
litter size.

Non-parametric tests were used, as the assump-
tions of normality (evaluated using the Shapiro—Wilk W
test) of the data were not satisfied. Linear correlation
between variables was tested using the Spearman
R analysis. Differences in breeding status, ovulation
rate and litter sizes between weight classes were
analysed using the Kruskal-Wallis test. The sex ratio

was compared with theoretical distribution 1:1 using the
chi-square test. For all the tests, significance was as-
sumed when p < 0.05. Analyses were performed using
the STATISTICA® (StatSoft Inc., Tulsa, USA) package.

Results

Fifty—two percent of the females analysed were preg-
nant. The main wild boar rutting period in the study
area took place from October to January (80% of the
conception dates were recorded in this period) and
reached a maximum during November and December
(64%). Corresponding to these data, a peak in the
birth period was observed during March and April.
However, births were recorded year round (fig. 1).

Wild boar females reached puberty at a minimum
age of six months (0.69% of total breeding females)
and a minimum weight of 30 kg.

The ovulation rate was 5.18 + 1.46 (mean * SD;
n = 136) and ranged from 1 to 8. Litter size was 5.01
+ 1.33 (mean + SD; n = 88) and ranged from two to
eight, with four to six being the most frequent number
of foetuses per female (fig. 2). An 11% intrauterine loss
was recorded.

No distorted foetal sex ratio was observed (1.13:1;
x> =0.51;df =1; p = 0.475).

Age and weight of females were positively correlated
(y=32.89 +0.84x; Ry ., ran = 0.882; p <0.05). Aposi-
tive linear correlation was observed between litter size
and female weight (y = 2.54 + 0.04 x; Rg ., 00= 0471
p < 0.05). When females were grouped into the three
weight classes most commonly applied in population
management, the reproductive parameters increased
according to weight class (table 1). Significant differ-
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Fig. 1. Female wild boar reproductive phenology in Aiguamolls de I'Emporda Natural Park (n = 296;

2000-2010 period).

Fig. 1. Fenologia reproductiva de las hembras de jabali en el Parque Natural de Aiguamolls de I'Emporda

(n = 296, periodo 2000-2010).
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Fig. 2. Distribution of litter size of the wild boar population in the Aiguamolls de I'Emporda Natural Park.

Fig. 2. Distribucién del tamafio de camada de la poblacion de jabalies del Parque Natural de Aiguamolls

de I'Emporda.

ences were observed in the percentage of breeding
females (> = 10.48, df = 2, p < 0.01), ovulation rate
(Hynera9 = 41.65, p < 0.001) and litter size (H
16.52, p < 0.001).

The offspring per 100 females varied from 159.59
foetuses in females under 50 kg to 427.05 in females
above 70 kg.

2,N=83"

Discussion

The reproductive phenology in the study area showed
marked seasonal breeding, with the main rutting
period in autumn and winter and births clustered
mainly in spring. A few females gave birth in other
months of the year. Although the study population is

Table 1. Reproductive parameters of wild boar females considering the weight class. Females weighing
over 89 kg were not considered due to the low number of cases: * Foetuses/100 females.

Tabla 1. Parametros reproductivos de hembras de jabali considerando la clase de peso. No se han
incluido las hembras de peso superior a 89 kg debido al escaso numero de casos: * Fetos/100 hembras.

30-49 kg

50-69 kg 70-89 kg

Breeding females (%) 42.22 (n = 90)

64.13 (n = 92) 76.67 (n = 60)

Ovulation rate

Mean = SD 3.94 £ 1.28 (n = 34) 521 +£1.09 (n=56) 6.13 + 1.36 (n = 39)
Median 4 5 6
range 1-6 2-8 2-8
Litter size
Mean = SD 3.78 £ 1.05 (n = 14) 5.0 £ 1.02 (n = 39) 5.57 £ 1.50 (n = 30)
Median 4 5 6
Range 2-6 3-7 2-8
Productivity* 159.59 320.65 427.05
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Table 2. Litter size recorded (average, A) in different European wild boar populations.

Tabla 2. Tamafio de camada registrado (media, A) en distintas poblaciones europeas de jabali.

Location A Reference

Germany 6.91 Gethoffer et al., 2007

Hungary 6.7 Nahlik & Sandor, 2003

Germany 6.5 Oloff, 1951

Austria 5.8 Martys, 1982

Germany 5.49 Ahrens, 1984 in
Bywater et al., 2010

Germany 5.3  Stubbe & Stubbe, 1977

Germany 5.3 Briedermann, 1971

Luxembourg 5.3 Cellina, 2008

France 5.2 Servanty et al., 2007

Germany 5.11 Gethoffer et al., 2007

Italy 4.95 Boitani et al., 1995

Poland 4.83 Fruzinski, 1995

Switzerland 4.8 Moretti, 1995

Italy 4.7 Monaco et al., 2010

France 4.62 Mauget, 1972

Italy 4.6 Cappai et al., 2008

France 4.6 Aumaitre et al., 1984

France 4.47 Aumaitre et al., 1982

France 4.44 Dardaillon, 1984

Italy 4.2 Focardi et al., 2008

Switzerland 417 Neet, 1995

Italy 3.88 Massei et al., 1997

Location A Reference
Iberian populations
Catalonia 5.01 This paper

Aragon 4.5 Herrero et al., 2008

(Ebro River valley)

Burgos 4.3 Saez—Royuela, 1987
Aragon 4.25 Herrero et al., 2008
(Pyrenees)

Portugal 4.17
Andalousie 4.1

Fonseca et al., 2004
Abaigar, 1992

Castilla— 391 Ruiz—Fons et al., 2005
la Mancha

Extremadura 3.88 Garzén, 1991

Catalonia 3.78 Rosell, 1998

Extremadura 3.75 Fernandez—Llario &
Mateos—Quesada,
2005

Vericad, 1983

Aragon 3.27
(Pyrenees)
Andalousie  3.05

Fernandez—Llario &
Carranza, 2000

located in a mosaic of croplands and marshlands, the
seasonal pattern recorded corresponds to patterns
observed in Iberian populations in other habitats
(see Saez—Royuela, 1987; Rosell et al., 2001 for a
review; Fonseca et al., 2004; Fernandez—Llario &
Mateos—Quesada, 2005; Fonseca et al., 2011) and
to those observed in other European populations
(Briedermann, 1971; Aumaitre et al., 1984; Moretti,
1995; Durio et al., 1995; Boitani et al., 1995). The
oestrus of female wild boar is greatly influenced by
photoperiod and food resources, and the breeding
seasonality corresponds to the availability of energy
rich foods that provide optimal nutritional conditions
for sows at the end of summer and in early autumn
(Mauget, 1982; Fernandez—Llario & Mateos—Quesada,
1998; Gethoffer et al., 2007; Servanty et al., 2009).
The seasonal pattern of reproduction was also ob-
served when energy supply is artificially increased by
baiting (Treyer et al., 2012). In the study area, energy
foods are provided mainly by crops —maize and sun-

flower— that account for 37% of the total volume of
wild boar stomach contents (Giménez—Anaya et al.,
2008). These cultivated plants are mainly consumed
from July to October (67.3% of stomach contents in
July—August and 64.3% in September—October). Wild
boar living in this cropland area consume agricultural
plants instead of mast that is the energy—rich food
mainly consumed at the beginning of the rutting period
in many locations (Schley & Roper, 2003).

The mean litter size observed in the Aiguamolls
de 'Emporda population is the highest recorded in
the Iberian peninsula and is similar to that observed
in Central European countries (table 1; see Bywater
et al.,, 2010 for a review). Litters of above 5 young/
reproductive female have been reported in Austria,
Germany, northern France and Luxemburg. In these
Central European areas, wild boar found optimal
environmental conditions and a high availability of
natural food resources. Furthermore, supplementary
food is often provided (Cellina, 2008; Servanty et al.,
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2009). In Italy, Poland, Switzerland and France, lower
productivity with less than 5 foetuses per female were
reported (table 1). In the Iberian populations, the mean
litter size reported reached the minimum in southern
Spain under drought conditions (3.05 foetuses per
female; Fernandez-Llario & Carranza, 2000) and in
the Pyrenean habitats (3.27; Vericad, 1983). Iberian
populations located mainly in forests and shrublands
show a mean litter size of around 4 foetuses/ female
and the maximum litter size (4.5) was reported at the
population located in the River Ebro valley in a crop
landscape (Herrero et al., 2008; table 1).

The most likely explanation for the high litter size
observed in the study area may be related to the high
availability of energy—rich cultivated foods (maize and
sunflower) and the opportunity to obtain stable food
sources throughout the year. These foods are provi-
ded mainly by crops during summer and autumn and
by marshland food resources (underground parts of
the wetland plants and animal matter) in winter and
spring (Giménez—-Anaya et al., 2008).

However, we cannot rule out possible effects such
us some degree of crossbreeding with domestic pigs
that may have influenced the reproductive output. Slight
phenotypic evidence of possible crossbreeding (small
parts of the coat with lighter tones than usual in wild
boar) was observed in a small proportion of individuals
captured (around 5%; unpub.lished data). This issue has
not been analysed in other European populations with
available reproductive data, and further investigations
on chromosome polymorphism among the different wild
boar populations would clarify its effect on reproductive
output, as other authors have previously suggested
(Gethoffer et al., 2007).

The high mean litter size observed in the study area
does not fit with the pattern described by Bywater et al.
(2010), whereby there is a strong correlation between
litter size and latitude for wild boar in Europe. The use
of litter sizes predicted on the basis of latitude has
been suggested by these authors for management
approaches based on population modelling as those
proposed by Bieber & Ruff (2005). Nevertheless, ac-
cording to our data, factors related to human influence
affecting wild boar populations (such as high availability
of food provided by crops, baiting or crossbreeding
with domestic pig) must also be considered in the use
of this litter size pattern for demographic modelling.

The female body mass shows a high effect on the
reproductive parameters in the study area where an
increase was recorded in all the reproductive parameters
studied (proportion of breeding females, ovulation rate
and litter size) according to weight class. A positive co-
rrelation between reproductive output and female weight
and age was also reported in many populations (e.g.
Mauget, 1972; Aumaitre et al., 1982; Saez-Royuela,
1987; Fonseca et al., 2011) and it was related to the
fact that resources available to reproduction increase
with female weight and better physical condition (Fer-
nandez—Llario & Mateos—Quesada, 1998; Massei et al.,
1996). The results suggest that the high availability of
food may contribute to the high reproductive output of
the study population and to the increase in population
density in this area. This observation has implications

regarding population control strategies, suggesting that
the capture of larger females may be effective in reducing
the potential for population growth. Some authors, howe-
ver, have proposed reduction in the number of piglets
as the target for wild boar population control (Sodeikat,
et al., 2005). Based on population modelling, it has also
been suggested that reducing juvenile survival would
have a substantial effect under good environmental
conditions, whereas reducing numbers of adult females
would be more effective in years when conditions were
poor (Bieber & Ruf, 2005).

According to these data, management strategies for
reducing wild boar density in protected nature reserves
should combine different control techniques. Some, such
as trapping, should have the objective of capturing juve-
niles, whilst others should focus on selective culling of
adult females that have the highest reproduction output.
Moreover, other measures to reduce reproductive poten-
tial should be applied, such as preventing crossbreeding
with domestic pig, avoiding supplementary feeding, and
applying crop protection measures to reduce the food
resources available to wild boar.

Acknowledgements

This project was financed by the Direccié General de
Medi Natural of the Generalitat de Catalunya. The
authors wish to thank the ‘Cos d’Agents Rurals’ ran-
gers and all the staff at the Aiguamolls de I'Emporda
Natural Park for their help in data collection, and Josep
Maria Espelta, CREAF, Autonomous University of Bar-
celona for his help in data analysis. Two anonymous
reviewers helped to improve the manuscript. The first
author is a member of the Vertebrate Biology Quality
Research Group 2009SGR43 at the Department of
Animal Biology, University of Barcelona, which is
supported by the Catalan government.

References

Abaigar, T., 1992. Parametres de la reproduction
chez le sanglier (Sus scrofa) dans le sud—est de
la Peninsule Ibérique. Mammalia, 56(2): 245-250.

Aumaitre, A., Morvan, C., Quere, J. P., Peiniau, J. &
Valet, G., 1982. Productivité potentielle et repro-
duction hivernale chez la laie (Sus scrofa scrofa)
en milieu sauvage. Journées Recherche. Porcine
en France, 14: 109-124.

Aumaitre, A., Quere, J. P. & Peiniau, J., 1984. Influence
du mileu sur la reproduction hivernale et la prolifi-
cité de la laie. In: Symposium international sur le
Sanglier. Les colloques de I'INRA, 22. Ed. INRA,
Publ. Toulouse.

Apollonio, M., Andersen, R. & Putman, R. (Eds.) 2008.
Ungulate management in Europe in the XXI century.
Cambridge Univ. Press, Cambridge.

Bieber, C. & Ruf, T., 2005. Population dynamics in
wild boar Sus scrofa: ecology, elasticity of growth
rate and implications for the management of pulsed
resource consumers. Journal of Applied Ecology,
42: 1203-1213.



216

Rosell et al.

Boitani, L., Trapanese, P. & Mattei, L., 1995. Demo-
graphic patterns of a wild boar (Sus scrofa L.)
population in Tuscany, Italy. Journal of Mountain
Ecology, 3: 197-201.

Briedermann, L., 1971. Zur reproduktion des Schwarz-
wildes in der DDR. Tag. Ber. dt. Akad. Landwirtsch.—
Wiss. Berlin, 113: 169-186.

Bueno, C. G., Barrio, I. C., Garcia—Gonzalez, R.,
Alados, C. L. & Gomez-Garcia, D., 2010. Does
wild boar rooting affect livestock grazing areas in
alpine grasslands?. European Journal of Wildlife
Research, 56: 765-770.

Bywater, K. A., Apollonio, M., Cappai, N. & Stephens,
K. A., 2010. Litter size and latitude in a large mam-
mal: the wild boar Sus scrofa. Mammal Review,
40(3): 212-220.

Cahill, S. & Llimona, F., 2004. Demographics of a wild
boar Sus scrofa Linnaeus, 1758 population in a
metropolitan park in Barcelona. Galemys, 16: 37-52.

Cappai, N., Bertolotto, E., Donaggio, E. & Apollonio,
M., 2008. Birth distribution and litter size in a wild
boar population in Tuscany Apennine. In: Abstracts
of the 7th International Symposium on Wild Boar
(Sus Scrofa) and on Sub—order Suiformes: 73 (A.
Nahlik, Ed.). Sopron, Hungary.

Cellina, S., 2008. Effects of supplemental feeding on
the body condition and reproductive state of wild
boar Sus scrofa in Luxembourg. Ph. D. Thesis,
Univ. of Sussex, UK.

Colino, V., Bosch, J., Reoyo, M. J. & Peris, S., 2012.
Influence of new irrigated croplands on wild boar
(Sus scrofa) roadkills in NW Spain. Animal Biodi-
versity and Conservation, 35.2: 97-102.

Durio, P., Gallo, U., Macchl, E. & Perrone, A., 1995.
Structure and monthly birth distribution of a wild
boar population living in mountainous environment.
Journal of Mountain Ecology, 3: 202-203.

Engeman, R. M., Constantin, B. U., Shwiff, S. A,
Smith, H. T., Woolard, T., Allen, J. & Dunlap, J.,
2007. Adaptive and economic management meth-
ods for feral hog control in Florida Human. Wildlife
Confiicts, 1(2): 178—185.

Erkinaro, E., Heikura, K., Lindgren, E., Pulliainen, E.
& Sulkava, S., 1982. Occurrence and spread of the
wild boar (Sus scrofa) in eastern Fennoscandia.
Memoranda, 58: 39-48.

Fernandez—-Llario, P. & Carranza, J., 2000. Repro-
ductive performance of the wild boar in a Medi-
terranean ecosystem under drought conditions.
Ethology, Ecology & Evolution, 12: 335-343.

Fernandez-Llario, P. & Mateos—Quesada, P., 1998.
Body size and reproductive parameters in the wild
boar Sus scrofa. Acta Theriologica, 43: 439-444.

— 2005. Influence of rainfall on the breeding biol-
ogy of wild boar (Sus scrofa) in a Mediterranean
ecosystem. Folia Zoologica, 54: 240-248.

Focardi, S., Gaillard, J. M., Ronchi, F. & Rossi, S.,
2008. Survival of wild boars in a variable environ-
ment: unexpected life—history variation in an unusual
ungulate. Journal of Mammalogy, 89: 1113-1123.

Fonseca, C., Alves da Silva, A., Alves, J., Vingada, J.
& Soares, A. M. V. M., 2011. Reproductive perfor-
mance of wild boar females in Portugal. European

Journal of Wildlife Research, 57(2): 363-371.

Fonseca, C., Santos, P., Monzén, A., Bento, P., Alves
da Silva, A. & Alves, J., 2004. Reproduction in the
wild boar (Sus scrofa, Linnaeus, 1758) populations
of Portugal. Galemys, 16: 53-65.

Fruzinski, B., 1995. Situation of wild boar populations
in western Poland. Journal of Mountain Ecology,
3: 186-187.

Gaillard, J. M., Brandt, S. & Jullien, J. M., 1993. Body
weight effect on reproduction of young wild boar
(Sus scrofa) females: a comparative analysis. Folia
Zoologica, 42(3): 204-212.

Garzoén, P, 1991. Biologia y ecologia del jabali (Sus
scrofa L., 1758) en el Parque Natural de Monfraguie.
Ph. D. Thesis, Univ. Autbnoma de Madrid.

Genov, P., 1981. Die Verbreitung des Schwarzwildes
(Sus scrofa L.) in Eurassien und seine Anpassung
an die Nahrungsverhaltnisse. Zeitschrift Jagdie,
27(4): 227-229.

Gethoffer, F., Sodeikat, G. & Pohimeyer, K., 2007. Re-
productive parameters of wild boar (Sus scrofa) in
three different parts of Germany. European Journal
of Wildlife Research, 53: 287-297.

Giménez-Anaya, A., Herrero, J., Rosell, C., Couto, S.
& Garcia—Serrano, A., 2008. Food habits of wild
boars (Sus scrofa) in a Mediterranean Coastal
Wetland. Wetlands, 28(1): 197—203.

Gomez, J. M. & Hodar, J. A., 2008. Wild boars (Sus
scrofa) affect the recruitment rate and spatial distri-
bution of holm oak (Quercus ilex). Forest Ecology
and Management, 256: 1384—1389.

Gortazar, C., Acevedo, P., Ruiz—Fons, F. & Vicente, J.,
2006. Disease risks and overabundance of game
species. European Journal of Wildlife Research,
52: 81-87.

Goulding, M. J., Smith, G. & Baker, S. J., 1998. Current
status and potential impact of wild boar (Sus scrofa)
in the English countryside: a risk assessment. Report
to the Ministry of Agriculture, Fisheries and Food.
Central Science Laboratory, York.

Groot Bruinderink, G. W. T. A. & Hazebroek, E., 1996.,
Ungulate traffic collisions in Europe. Conservation
Biology, 10(4): 1059-1067.

Herrero, J., Garcia—Serrano, A. & Garcia—Gonzalez,
R., 2008. Reproductive and demographic param-
eters in two Iberian wild boar Sus scrofa popula-
tions. Acta Theriologica, 53: 355-364.

Jansen, A, Luge, E., Guerra,B., Wittschen, P., Gruber,
A. D., Loddenkemper, C., Schneider, T., Lierz, M.,
Ehlert, D., Appel, B., Stark, K. & Nockler, K., 2007.
Leptospirosis in urban wild boars, Berlin, Germany.
Emerging infectious diseases, 13: 739-741.

Mackin, R., 1970. Dynamics of damage caused by
wild boar to different agricultural crops. Acta The-
riologica, 25(27): 447-458.

Martys, M., 1982. Observations on parturition and
reproductive biology in captive European wild boars
(Sus scrofa L.). Zeitschrift fur Sdugetierkunde, 47:
100-113.

Massei, G., Genov, P. V. & Staines, B. W., 1996. Diet,
food availability and reproduction of wild boar in
a Mediterranean coastal area. Acta Theriologica,
41(3): 307-320.



Animal Biodiversity and Conservation 35.2 (2012)

217

Massei, G., Genoy, P. V., Staines, B. W. & Gorman,
M. L., 1997. Mortality of wild boar, Sus scrofa, in
a Mediterranean area in relation to sex and age.
Journal of Zoology, 242: 394-400.

Massei, G., Roy, S. & Bunting, R., 2011. Too many
hogs? A review of methods to mitigate impact by
wild boar and feral hogs. Human-Wildlife Interac-
tions, 5(1):79-99.

Matschke, G. H., 1964. The influence of the oak mast
on European wild hog production. Proc. Ann. Conf.
South Game Fish Comm., 18: 35-39.

— 1967. Aging European wild hogs by dentition.
Journal of Wildlife Management, 31: 109-113.
Mauget, R., 1972. Observations on wild pig (Sus
scrofa L.) reproduction. Annales de Biologie Ani-

male Biochimie Biophysique, 12: 195-202.

— 1982. Seasonality of reproduction in the Wild Boar.
In: Control of Pig Reproduction: 509-526 (D. J. A.
Cole & G. R. Foxcroft, Eds.). Butterworths, London.

Mayer, J. J., Nelson, E. A. & Wike, L. D., 2000. Selec-
tive depredation of planted hardwood seedlings by
wild pigs in a wetland restoration area. Ecological
engineering, 15: 79-85.

Melis, C., Szafranska, P. A., Jedrzejewska, B. & Barton,
K., 2006. Biogeographical variation in the population
density of wild boar (Sus scrofa) in western Eurasia.
Journal of Biogeography, 33: 803—-811.

Monaco, A., Carnevali, L., & Toso, S., 2010. Linee
guida per la gestione del cinghiale (Sus scrofa)
nelle aree protette. Quaderno di Conservazione
della Natura, 34. Ministero del’Ambiente e dulla
Tutela del Territorio e del Mare — Istituto Superiore
per la Protezione e la Ricerca Ambientale. Roma.

Moretti, M., 1995a. Biometric data and growth rates of a
mountain population of wild boar (Sus scrofa L.), Ticino,
Switzerland. Journal of Mountain Ecology, 3: 56-59.

— 1995b . Birth distribution, structure and dynamics
of a hunted mountain population of wild boars (Sus
scrofa L.), Ticino, Switzerland. Journal of Mountain
Ecology, 3: 192—-196.

Mufoz, A. & Bonal, R., 2007. Rodents change acorn
dispersal behaviour in response to ungulate pres-
ence. Oikos, 116: 1631-1638.

Nahlik, A. & Sandor, G., 2003. Birth rate and offspring
survival in a free ranging wild boar Sus scrofa
population. Wildlife Biology, 9(1): 37— 42.

Neet, C. R., 1995. Population dynamics and man-
agement of Sus scrofa in western Switzerland: a
statistical modelling approach. Journal of Mountain
Ecology, 3: 188-191.

Oloff, H. B., 1951. Zur Biologie unf Okologie des
Schwarzwildes. Dr. Paul Schops Verlag.

Pepin, D., Spitz, F., Janeau, G. & Valet, G., 1987.
Dynamics of reproduction and development of
weight in the wild boar (Sus scrofa) in South—West
France. Zeitschrift fiir Sdugetierkunde, 52: 21-30.

Rosell, C., 1998. Biologia i ecologia del senglar (Sus
scrofa L 1758) a dues poblacions del nordest ibéric.
Aplicacio a la gestio. Ph. D. Thesis, Univ. de Bar-
celona.

Rosell, C., Fernandez-Llario, P. & Herrero, J., 2001.

El jabali (Sus scrofa Linnaeus, 1758). Galemys,
13(2): 1-25.

Ruiz—Fons, F., Vicente, J., Vidal, D., Héfle, U., Villanda,
D., Gauss, C., Segalés, J., Aimeria, S., Montoro, V. &
Gortazar, C., 2006. Seroprevalence of six reproduc-
tive pathogens in European wild boar (Sus scrofa)
from Spain: The effect on wild boar female reproduc-
tive performance. Theriogenology, 65(4): 731-743.

Saenz de Buruaga, M., Lucio, A. J. & Purroy, J., 1991.
Reconocimiento de sexo y edad en especies cine-
géticas. Diputacion Foral de Alava, Leon.

Saez—Royuela, C., 1987. Biologia y ecologia del jabali
(Sus scrofa). INIA. Coleccion Tesis Doctorales, 78
(1989), Madrid.

Saez—Royuela, C. & Telleria, J. L., 1986. The in-
creased population of the wild boar (Sus scrofa L.)
in Europe. Mammal Review, 16: 97-101.

Santos, N., Correla—Neves, M., Ghebremichael, S.,
Kallenius, G., Svenson, S. B. & Almeida, V., 2009.
Epidemiology of Mycobacterium bovis infection in
wild boar (Sus scrofa) from Portugal. Journal of
Wildlife Diseases, 45(4):1048-1061.

Schley, L. & Roper, T. J., 2003. Diet of wild boar Sus
scrofa in Western Europe, with particular reference
to consumption of agricultural crops. Mammal
Review, 33(1): 43-56.

Servanty, S., Gaillard, J. M., Allaine, D., Brandt, S.
& Baubet, E., 2007. Litter size and fetal sex ratio
adjustment in a highly polytocous species: the
wildboar. Behavioral Ecology, 18: 427-432.

Servanty, S., Gaillard, J. M., Toigo, C., Brandt, S. &
Baubet, E., 2009. Pulsed resources and clima-
te—induced variation in the reproductive traits of
wild boar under high hunting pressure. Journal of
Animal Ecology, 78: 1278-1290.

Sodeikat, G., Papendieck, J., Richter, O., Séndgerath,
D. & Pohimeyer, K., 2005. Modelling population dy-
namics of wild boar (Sus scrofa) in Lower Saxony,
Germany. In: Extended abstracts of the XX VlIth con-
gress of the International Union of Game Biologists:
488-489 (Pohimeyer, K., Ed.). DSV Verlag, Hamburg.

Stubbe, W. & Stubbe, M., 1977. Verleichende Beitrage
zur Reproduktions und Geburtsbiologia von Wild—un
Hausschwein. Beitr. Jagd. u. Wildforch., 10: 153-179.

Treyer, D., Linderoth, P, Liebl, T., Pegel, M. Weiler, U.
& Claus, R., 2012. Influence of sex, age and season
on body weight, energy intake and endocrine param-
eter in wild living wild boars in southern Germany.
European Journal of Wildlife Research, 58: 373-378.

Vericad, J. R., 1983. Estimacion de la edad fetal
y periodos de concepcion y parto en el jabali
(Sus scrofa L.) en los Pirineos occidentales. XV
Congreso internacional de Fauna Cinegética y
Silvestre. Trujillo.

Vericad, J. R. & Abaigar, T., 1984. Données sur le
sanglier (Sus scrofa L.) au Sud—est ibérique. In: Les
colloques de I'INRA, 22. Ed. INRA Publ., Toulouse.

Webber, B. L., Norton, B. A. & Woodrow, I. A,
2010. Disturbance affects spatial patterning and
stand structure of a tropical rainforest tree. Austral
Ecology, 35(4): 423-434.




