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Abstract 

 

Problems of growth in the wild boar population are today a subject of interest for numerous 

researchers throughout Europe. In all countries where wild boar is found, there has been a 

population explosion in the last 30 years and the species has expanded its territory into areas where 

it did not previously exist (Nordic countries and Portugal). In most European countries, the wild 

boar’s population growth has been of an exponential character. This situation has been associated 

with high fertility of adult females, environmental changes and, in recent years, also involvement of 

physically immature individuals in reproduction. A very important factor causing an increase in the 

numbers of wild boars is the quality of their environment, which influences the growth of juvenile 

individuals, or, more precisely, their sexual maturation. Our study aimed to determine morphometric 

data for wild boar (Sus scrofa) in various areas of the Czech Republic and the potential influence of 

environment on its body measurements and reproduction potential by juveniles females. During 

2003–2010, a total 1290 boars were examined in various age categories. Body development was 

similar in all areas and without statistically significant differences until the age of 6–7 months. From 8 

months, statistically significant differences in body proportions occur across all localities. It is just at 

that time that carrying capacities change in the selected localities. The results show that 

morphometric differences among boars of the same age are influenced by external environmental 

conditions in which the boars live.  The farrowing and rut times show a similar trend in all three 

localities. The reason for greater dispersal of farrowing during the year in the individuals from 

Šumava might be due to harsher weather conditions, which cause an early spring litter to die owing 

to low temperatures and the sows then rut again in the course of several following weeks and 

become pregnant. Environmental conditions influence the physical development of wild boar. The 

results suggest that the differences between areas vary considerably, and these increase with age. 

This may result in an earlier (Kostelec area) or later (Šumava) involvement of juvenile individuals in 

reproduction. Thus, the areas may significantly differ in their population dynamics. This finding is 

important for determining the appropriate management of a game population that is now a major 

issue in professional circles. 
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Abstrakt  

 

Problém populačního růstu je v současné době řešen na mnoha úrovních v téměř celé 

Evropě. Prase divoké vykazuje v posledních letech  téměř ve všech oblastech svého výskytu výrazný 

nárůst početnosti a také dochází k jeho šíření do nových oblastí (Severní Evropa) a nových habitatů 

(městská a příměstská prostředí). Tato situace je zapříčiněna vysokou reprodukční schopností samic a 

změnami prostředí, které směřují k vyšší potravní nabídce pro tento druh. Právě to může ovlivňovat 

růst juvenilních jedinců, resp. jejich zapojení do reprodukce. Tato práce je zaměřena na zhodnocení 

tělesného vývoje jedinců prasete divokého v různých regionech České republiky, a určení 

reprodukčních charakteristik samic vyvíjejících se v odlišných typech prostředí. Během roku 2003-

2010 bylo vyšetřeno 1290 kusů ulovených prasat divokých. Tělesný vývoj byl podobný a bez 

signifikantních rozdílů do věkové kategorie 6-7 měsíců. Od 8 měsíce jsme zaznamenali signifikantní 

rozdíly ve všech věkových kategorií u většiny tělesných rozměrů. To potvrzuje hypotézu, že 

environmentální podmínky mají významný dopad na rychlost růstu juvenilních jedinců prasete 

divokého a tak nepřímo ovlivňují začátek reprodukce samic. Zastoupení reprodukčně aktivních 

juvenilních jedinců bylo nejčastější v oblasti s vysokou nabídkou potravy. Rozdíly v počtech zárodků 

v dělohách samic mezi oblastmi nebyly prokázány. Říje a narození mláďat vykazovalo podobný trend 

ve všech třech oblastech. V oblasti s vysokou potravní nabídkou bylo ovšem kladení mláďat vysoce 

synchronizované v 3 měsících. V chudších oblastech se vyskytoval poměrně významný druhý vrchol 

kladení mláďat v pozdním létě. Ten mohl být způsoben právě zabřeznutím samic, které dosáhli 

prahové hmotnosti pro první zabřeznutí až v jarních měsíc a jejich tělesný vývoj nebyl tak intenzivní. 

Výsledky podporují velký vliv vnějších podmínek na reprodukční výkon, kdy vyšší nabídka potravy 

může indukovat rychlejší reakce populace na aktuální podmínky a jejich výrazný početní nárůst. 

S těmito předpoklady je nutné počítat v udržitelném managementu populace prasete divokého, kdy 

zejména v zemědělských oblastech je nutná rychlá reakce a úprava lovu v závislosti na aktuálních 

zdrojích potravy.  V rámci udržitelného managementu populace prasete divokého je v návaznosti na 

uvedené předpoklady nutné zintenzivnit lovecký tlak, zejména v zemědělských oblastech. 

 

 

 

 

 

 

 

 

 

 



6 
 

Contents 

 

Introduction                                           8 

Summarising chapter                                     9 

Reproduction ability                                      9 

Synchronization of reproduction                               10 

Achieve sexual maturity                                   11 

Management consideration                                 14 

References                                            15 

Appendix 

  Papers I-V 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 
 

List of papers (Appendix) 

 

I based my thesis on the following papers, which will be referd to in the text by their 

corresponding Roman numerals.  

 

I. Ježek, M., Štípek, K., Kušta, T., Červený, J., Vícha, J. (2011): Reproductiv and morphometric 

characteristics of wild boar (Sus scrofa) in the Czech republic. Journal of forest sciences, 57 (7): 

285-292.  

II.  Nováková, P., Štípek, K., Ježek, M., Červený, J., Ešner, V. (2011): Effect of diet supply and climatic 

conditions on population dynamics of the wild boar (Sus scrofa) in the Křivoklát region (Central 

Bohemia, Czech republic).Scientia agriculturae bohemica, 42 (1): 24-30. 

III.  Hanzal, V., Ježek, M., Janiszewski, P., Kušta, T. (2012): A contribution to determining craniometric 

values for wild boar (Sus scrofa) in the Czech republic. Sylwan, in Press 

IV.  Kušta, T., Ježek, M., Keken, Z. (2011): Mortality of large mammals on railway tracks. Scientia 

agriculturae bohemica, 42 (1): 12-18. 

V.  Suk, M., Kušta, T., Ježek, M., Keken, Z. (2011): Methodological aspects of monitoring of large 

mammals along traffic corridors: A case study (Lagomorpha, Carnivora, Artiodactyla). Lynx, n.s., 

42: 177-188.  

 

 

 

 

 

 

 

 

 

 

 

 

 



8 
 

Introduction 

 

Wild boar (Sus scrofa) is distributed across much of Europe, with the exception of northern regions 

(ČERVENÝ 2004). The species is today beginning to spread rapidly also across Fennoscandia (MASEI et 

al. 2004). At the same time, the abundance of wild boar is rapidly increasing throughout Europe (e.g. 

Poland: GENOV 1981, Scandinavia: ERKINARO et al. 1982, Germany: FEICHTNER 1998, France: KLEIN 

et al. 2007, Czech Republic: HLADÍKOVÁ et al. 2008).  

Wild boar populations can prosper very well even in regions greatly impacted by human activity 

(GEISSLER and BURGIN 1998). The diet of this omnivorous species is comprised predominantly of 

plants (SCHLEY and ROPER 2003). Localities with high-quality food resources are intensively exploited 

by wild boar, resulting in conflicts with the agricultural economy (GERARD et al. 1991, HERRE 1993). 

High abundance of wild boar not only leads to generally large-scale material damages in agriculture 

(PIMENTEL et al. 2001, THURFJELL et al. 2009), it also can have a negative influence from a veterinary 

perspective through transmission of diseases to domestic and farm animals as well as humans (KLEIN 

et al. 2007). Damages caused by wild boar to field crops are reported in numerous studies (MACKIN 

1970, KRISTIANSSON 1985, GROOT BRUINDERINK et al. 1994, SCHLEY and ROPER 2003, BAUBET et al. 

2004, HERRERO et al. 2006, SCHLEY et al. 2008). While it is evident that this problem extends far back 

into history, its importance has become significant only with rapid rise in the wild boar population 

throughout Europe during the past 30 years.  

One of the reasons for such extreme population growth may be the global rise in average 

temperature (ROOT et al. 2003), as it, along with reduced snow cover, positively impacts population 

growth (JEDRZEJEWSKA et al. 2007). Some authors offer as an explanation the increasing frequency 

of mast seeding of beech (e.g. HOFMAN et al. 1997) and the inability of humans to reduce the 

population and thus to fill the role of predators (CHOQUENOT 1998). Most authors agree, however, 

that the growth is related to an increase in food supply and higher survival rates of young in winter 

(e.g. AHRENs 1984, FONSECA et al. 2004, BIEBER and ROOF 2005, GEISSER and REYER 2005, SANTOS 

et al. 2006, GETHOEFFER et al. 2007, CELLINA 2008, SERVANTY et al. 2010). 

It is therefore apparent that conflicts with human activities are on the rise (ANDRZEWSKIJ and 

JEZIERSKI 1978, GEISSER and BURGIN 1989, BOUTIN 1990, AHMAD et al. 1995, MASSEI et al. 1997, 

SAETHER 1997, BIEBER and RUF 2005, GEISSER and REYER 2005, GETHOEFFER et al. 2007, KLEIN et al. 

2007, CELLINA 2008) and that human society’s active involvement in their population control and 

reduction has become necessary. 
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Summarising chapter 

Reproduction ability  

Reproduction parameters are one of the most important aspects in the management of wild boar 

(FONSECA 2004). The reproductive biology of wild boar is a very complicated process involving a 

broad range of factors. The basic requirement for reproduction is normally developed sex organs. 

Their function is subject to a number of biological factors. These factors are genetically fixed but are 

considerably influenced by external environmental conditions (HEBEISEN 2007). The rut usually takes 

place between November and January, though it sometimes occurs also during other periods 

(ČERVENÝ et al. 2004). According to HAPP (2005), large variations may appear. Female fertility is 

markedly affected by age and conditio. Early spring (March, April) is usually considered the peak 

farrowing period (AHRENS 1984, APPELIUS 1995, GEISSER 2000, FONSECA et al. 2004, MAILLARD et 

al. 2004, GOETHOEFER et al. 2007, HEBEISEN 2007, JEŽEK et al. 2011). A part of the population gives 

birth throughout the year, however, and the lowest percentage gives birth in November and 

December (MAILLARD et al. 1995, SANTOS 2006). 

Locality Number of fetus   

 juv sub adult  

      

Germany Brandenburg 4,1 5,8 6,3 Briedermann 1971 

 Brandenburg 4,4 5,7 6,5 Stubbe 1977 

 Brandenburg 3,7 5,6 6,8 Ahrens 1984 

 Lower Saxony 4,4   Appelius 1995 

 Lower Saxony 5,2 6,7 7,6 Gethoffer 2007 

 Rhineland 4,6 5 6,7 Gethoffer 2007 

France  4  4 Aumaitre et al. 1984 

Italy Toscany 3,8 5,4 5,7 Boitani et al. 1984 

Šchweiz Malcantone   4,9 Moretti 1995 

Spain Almeria   4,1 Abaigar 1992 

 Andalusia   3 

Fernandez-Llario et al. 

2000 

 Katalunia   3,8 Rossel 1998 

Hungary  5,14  6,7 Nahlik a Sandor 2003 

Tab. 1 Number of fetus in different countrie 
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The onset of puberty is connected with age and body weight. GETHOEFER (2006) states that in 

Germany 80% of 8-month-old piglets weighing at least 20 kg had reached sexual maturity. He states 

that depending on the area 60–70% of piglets will become pregnant during the main reproduction 

period (November, December), while two-thirds of the remaining  individuals give birth in summer. 

The rut is delayed in up to 15% of piglets and yearlings on average, which can lead to a second peak 

in births during July and August. In one of the monitored areas where forest cover is 50%, and 40% of 

that is comprised of production stands of beech and oak, GETHOEFER even states that in January 

2005 100% of those females of all age categories examined were pregnant. This had been preceded 

by a massive crop of beechnuts and acorns in autumn 2004. MAILLARD et al. (2004) also obtained 

similar results in their monitoring of wild boar populations in southern France in areas with an 

abundance of scrub oak. Their results indicate that when the crop of acorns was large, the birth rate 

of piglets was highly synchronized with the peak in February and March. In the case of a small crop, 

on the other hand, the peak was less intensive and occurred later (April, May, June). The authors did 

not, however, record a bimodal distribution of births. They explain this model through possible 

shortening of the oestrous cycle caused by extraordinary food abundance in September and October. 

Average fecundity ranges between 3 and 7.6 embryos (Table 1). The number of embryos depends 

on age, which, in addition to weight, is a highly significant factor. The number of embryos increases 

with age (FONSECA 2004). From a seasonal perspective, the wild boar is classified as a seasonally 

polyoestrous species due to its ability to go through oestrus several times per season (OLOFF 1951, 

AUMAITRE et al. 1982, MAUGET 1982, DELCROIX et al. 1990, ABAIGAR 1992). The cycle is reported to 

be 21–23 days long (HENRY 1968) or 23 days (HOFACKER 1992), essentially conforming to that of the 

domestic pig at 18–24 days (DZUIK 1997) or 21 days (EVANS 2003). 

 

Synchronization of reproduction 

 

Wild boar reproduction is usually seasonal, with oestrous cycles during summer and early autumn 

(MAUGET 1982). Farrowing ranges from late winter to early summer. As in most wild species 

(MAUGET et al. 1981), photoperiodism plays a crucial role in reproduction, but availability of food 

may be responsible for major year-on-year variations. Oestrus synchronization in females has been 

observed in many species of domestic and wild animals due to socio-sexual interactions (DELCROIX et 

al. 1990). Olfactory stimuli produced by males seem to be especially important for stimulating 

females’ oestrus (KEVERNE 1983, VANDEBERGH 1988). Field observation of wild boar indicates that 

even if the farrowing interval is prolonged to several months in the entire population, 

synchronization within the social group can still occur represented by stable association of a small 

number of females (MEYNHARDT 1978). To verify these observations, DELCROIX et al. (1990) 

performed an experiment monitoring the timing of oestrous cycles in groups of female boars kept in 

large forest enclosures in the presence and non-presence of a male. In the group with the male, 6 of 

the adult females present gave birth to piglets during 7–11 July (i.e. over the course of 5 days). Only 

one juvenile female reached puberty in the first year (in March, 11 months) and gave birth to piglets 

in late July. During the second year, the farrowing of 6 adult females and 2 sub-adult females was 

limited to a period of several days (during 21–27 May). Only one of the sub-adult females gave birth 
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a month later. Even in the group without females, strong synchronization of oestrous cycles and 

ovulation among group members was apparent.  

The results of DELCROIX et al. (1990) show that precise synchronization within a social group of 

female wild boar is independent of the time of reproduction. This is only an observation, however, 

and not a summary of mechanisms. In most cases describing synchronization of oestrous cycles, this 

phenomenon is caused by the male effect. This was first described in laboratory rodents (WHITTEN 

1956) and also has been observed in several other species. In a group of female goats and sheep 

isolated from males, the subsequent presence of males caused synchronization of oestrous cycles 

(UNDERWOOD et al. 1944, SHELTON 1960). In domestic livestock, the presence of males may even 

cause earlier onset of puberty (ZALESKY et al. 1984). Reproduction of domestic female pigs is 

affected by socio-environmental factors (HEMSWORTH 1982). Puberty is accelerated in the presence 

of a male (BROOKS and COLE 1970, HUGHES 1982), as is the incidence of postnatal ovulation 

(WALTON 1986). Presence of a male as the sole stimulus of oestrus in pre-pubertal females has not 

been demonstrated, however, and changes in the environment can have the same effects, thereby 

replacing the absence of males (DU MESNIL et al. 1962, WODZICKA-TAMASZEWSKA et al. 1985). The 

findings of DELCROIX et al. (1990) indicate that ovulation is synchronized both in the absence and 

presence of males. Consequently, synchronization seems to be the result of mutual interactions 

among females. Similar observations have been made for dogs (NAAKTGEBOREN and STRAALEN 

1983) and red deer (IASON and GUINESS 1985). Timing and synchronization at the social unit level is 

probably related to the positive influence resulting from group homogeneity and, for example, more 

effective protection of newborns (DELCROIX et al. 1990). 

 

 

Sexual maturity 

 

Identifying those factors influencing age and size at which an individual reaches maturity is 

important especially for understanding evolution and life strategies (COLE 1954). Populations 

intensively managed through hunting or fishing in particular often respond by a decrease in the age 

and weight at which they first reproduce (STEARNS 1992). In this context, it is expected that factors 

influencing these life strategies cause differences in individual fitness and should lead to divergences 

in population densities over time and to evolutionary changes (LANDE 1982). To date, an increasing 

number of studies have revealed that human activities influence evolutionary changes of wildlife 

populations (PALUMBI 2001) and affect aspects of life-history such as body dimensions and 

reproductive characteristics (e.g. ROOS and PERSSON 2006, PROAKTOR et al. 2007). This is especially 

visible in intensively managed populations (i.e. by fishing and hunting, MILNER et al. 2007, 

ALLENDORF et al. 2008, FENEBERG and ROY 2008, DARIMONT et al. 2009). Thus, the identification of 

factors influencing age of first reproduction and reproductive performance is decisive for 

understanding population dynamics and development under strong human pressure. In mammals, 

the age of reaching adulthood and, in some cases, also fecundity depends on fitness, i.e. the female 

must reach a threshold weight (not a certain minimum age) to be able to reproduce (GAILLARD et al. 

2000). Climatic conditions, habitat quality and population density in general affect changes in 
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productivity of females through their influence on food sources (LANGVATN et al. 2004). Species are 

divided into capital versus income breeders based on the difference in source of energy for 

reproduction. In the case of capital breeders, females use reserves accumulated before the 

reproduction period, while income breeders rely solely on short-term acquisition of resources during 

the reproduction period (DRENT and DAAN 1980, JONSSON 1997). Most mammals use body reserves, 

and current resources cover the active requirements of late pregnancy and early lactation (OFTEDAL 

1985). In most large ungulates, females rely mainly on reserves accumulated during the previous 

summer, i.e. they are capital breeders (FESTA-BIANCHET et al. 1998). Wild boar represent an 

exception, as they are expected rather to be income breeders, although they have a tendency, as do 

most other ungulates, for maximum accumulation of body reserves (e.g. DEMMENT and VAN SOEST 

1985). They have a markedly higher reproduction effort than do other ungulate species, however, 

and are therefore more dependent on current sources of food. Moreover, relative to other ungulates 

wild boar are characterized by an unusual life history, which may increase the demographic impact of 

changes in age of first reproduction. Foremost, the female wild boar may first be impregnated at a 

younger age (1 year, MAUGET 1982) than other similar-sized ungulates (2–3 years, HAYSSEN et al. 

1993). They also have high fertility, with an average litter size of up to 5 offspring (e.g. SERVANTY et 

al. 2007), while most other similar-sized ungulates only have 1–2 offspring (HAYSSEN et al. 1993). 

Studies show that the start of sexual maturity of the wild boar depends significantly on the 

availability of resources (PEPIN and MAUGET 1989, GEISSER 2000, GETHOEFFER et al. 2006), and they 

stress the importance of the peak of the seed crop (e.g. OSTFELD and KEESING 2000) which 

fluctuates year on year and may induce large changes in female reproduction and therefore also in 

population growth rate. This has been detected also in other types of animals (e.g. PERRINS 1979 in 

titmouse, HANNON et al. 1987 in woodpecker, OSTFELD et al. 1996 in white-footed mouse, etc.). 

SABRINA et al. (2011), however, focused on identifying factors forming annual and age-specific 

changes in the timing of oestrous cycles in the proportion of reproductively active females to the 

given period, with a focus on demonstrating the influence of large hunting pressure on change in life 

strategy. SABRINA et al. (2011) tested the relative influence of phenotypic attributes (age and 

weight) versus environmental factors (winter resources, climatic factors affecting phenology of plants 

in spring and summer) on the proportion of females in oestrus at a given time. They were expecting 

an age-specific response in reproductive characteristics to changes in environmental conditions 

(GAILLARD et al. 1998) and determined the age-specific proportions of female reproduction. The 

following hypotheses were established as part of this study: 1) Assuming a relatively early age of first 

female reproduction and a short generational period of this intensively hunted population, they 

expected the threshold body weight for first impregnation to be at least 80% of the asymptotic 

weight of adult females, i.e. the value generally observed in ungulates (GAILLARD et al. 2000). 2) 

Within a given age class, they expected higher representation of reproductively active individuals 

among heavier rather than lighter females. 

Their results indicate that the threshold weight for first reproduction occurred at much lower body 

weights in this intensively hunted population than in similar populations of same-sized ungulates 

(1/3 weight in boars vs. 4/5 weight in other ungulates). Higher-weight females had higher 

reproductive ability than lower-weight females, and the proportion of female reproduction increased 

during the hunting season. The relationship between female reproduction and timing of oestrus 

changed depending on food sources and climate. According to SABRINA et al. (2011), 90–100% of 

yearlings and adult females were reproductively active each year regardless of weight, food sources 
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and climatic conditions. While earlier studies only concerned high reproduction ability of wild boar 

(MAUGET 1982, GROOT BRUINDERINK et al. 1994, MASSEI et al. 1996), it has now been 

demonstrated that once females become sexually active almost every such female then tries to 

reproduce every year under any environmental conditions. It seems female wild boar follow a higher-

risk life strategy than do other similar-sized ungulate species such as sheep (SHAW 1804, FESTA-

BIANCHET et al. 2008), mountain goats (Oreamnos americanus, FESTA-BIANTECH 2008) and reindeer 

(CAMERON 1994), which tend towards reproduction surges, thereby maximizing their own survival in 

poor conditions (GAILLARD and YOCCOZ 2003). Moreover, while sexual maturity in similarly sized 

ungulates occurs in general between 2 (e.g. bighorn sheep) and 4 years (e.g. mountain goats), a large 

proportion of juvenile wild boar may reproduce already in their first year of age. It should be noted, 

however, that young wild boar are able to reproduce only once they have reached the threshold 

body weight. This threshold weight has generally been established at 20–25 kg of a field-dressed 

individual (e.g. 26–33 kg of a live individual) (GAILLARD et al. 1993) in yearling females, and up to 

80% of these juveniles above this weight threshold actually show reproductive activity. This 

representation of juvenile females in reproduction may even be undervalued. A 2-year study showed 

that in various parts of Germany only 30% of juvenile females were not sexually active during the 

hunting season (October–January), and 60% of those were active in the following March and April 

(GETHOEFFER et al. 2007). The generally observed threshold weight above which juvenile females 

can reproduce is less than 40% of adult weight, which is very low in comparison with other ungulates. 

There are two possible explanations for such marked differences between wild boar and other 

similar-sized ungulates. The first points to a very unusual combination in the wild boar’s life strategy 

(e.g. high weight and high fecundity [FOCARDI et al. 2008] but at the same time low threshold weight 

of first reproduction [GETHOEFFER 2006 et al.]). The low weight at early sexual maturity relative to 

the weight of adult females may be the result of selective pressure generated by hunting, as is 

commonly observed in fishing (e.g. CONOVER and MUNCH 2002). The second explanation is that the 

population has a relatively high population density and lives in a highly productive environment, i.e. 

the capacity of food sources is high and leads to high reproduction performance (BONENFANT et al. 

2009). 

Materials collected to date support the immense impact of hunting on wild boar populations as 

compared to other ungulate species. The low average life expectancy due to the high risk of being 

hunted accelerates the onset of reproduction effort in intensively hunted populations (FESTA-

BIANCHET 2003, GATEL et al. 2007), assuming that food sources are not limited (e.g. high frequency 

of seed years, low density, etc.). The threshold body weight is higher in species less intensely 

managed through hunting (see Table 2). Moreover, the threshold weight in intensively hunted 

populations is much lower than in females captured as piglets and fed ad libitum (35 kg of live 

weight, PEPIN and MAUGET 1989). In the aforementioned study, the authors tested the influence of 

various nutrition plans on growth and sexual maturity and determined that females never reach 

sexual maturity before the 20th month of age (PEPIN and MAUGET 1989). These results clearly signal 

that early reproduction at low body weights is not a species-specific characteristic of wild boar and 

supports substantial prevalence of the occurrence of population changes relative to weight and 

reproduction (ALBON et al. 1993 in red deer, HEARD 1997 in moose). 

The literature therefore provides strong support for the theory of species response to high hunting 

pressure. This pressure is largely responsible for the incidence of reproductively active juvenile 

females and low threshold weight which has occurred in these strongly hunted populations. It is 



14 
 

interesting to note that a small monthly change in the ratio of reproductively active juvenile females 

and available food sources was observed, while a high monthly change in representation occurred in 

sub-adult and adult females (SERVANTY et al. 2011). The timing of oestrus and considerable impact 

of the availability of food on reproductive performance in the current and preceding years may 

indicate the occurrence of subsequent reproduction events. Yearlings include 2 groups of females: 

those which previously gave birth as sub-adults, thus causing high reproduction costs for themselves 

(OFTEDAL 1985), and females which have not previously reproduced and therefore had energy 

exclusively for growth and body reserves (SABRINA et al. 2011). Among adults, almost all females 

have given birth previously (i.e. all give birth several times) and most reproduced the previous year 

(i.e. no break in reproduction, CAMERON 1994). Such high representation of reproducing females 

each year indicates that females have sufficient energy and nutrients to fulfil the high energy 

demands for reproduction and they are easily able to replenish this high energy output before their 

next reproduction (GITTLEMAN and THOMSON 1988). Of course, reproduction and suckling of piglets 

may cause a negative energy balance in females, and energy reserves will not be fully replaced 

before the end of summer, at which time females stop lactating and are in anoestrus. Moreover, the 

observed changes in the proportion of active females correspond to past and current resources. For 

this reason, wild boar can be classified in a middle category (SERVANTY et al. 2009), among so-called 

capital–income breeders (e.g. JONSOON 1977).  

Prediction of food conditions during the current and previous periods (e.g. MOUSSEAU and FOX 

1998) is a very poor indicator of juvenile females’ ability to reproduce (OSTFELD and KEESING 2000). 

Climatic conditions serve as a better indicator of the proportion of reproductively active females, as 

lower average temperatures and precipitation in spring and a rainy, warm summer will result in a 

longer vegetation season and better conditions for offspring (LANGVATH et al. 1996, FENNER 1998, 

BAUBET et al. 2003).  

It is necessary to emphasise that juveniles comprise a large proportion of the population increase, 

perhaps due to the high hunting pressure on the wild boar population (SERVANTY et al. 2009). Most 

females do not live for longer than 2 or 3 reproductive periods, and therefore the selective pressure 

pushes them towards increased reproductive effort in early life. Juveniles thus invest more energy 

into reproduction, with the risk of adult size reduction and shorter expected lifespan (FESTA-

BIANCHET 2003, GAREL et al. 2007). 
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Management consideration   

 

Management, control and regulation of reproductively active wild boar are necessary today. Due to 

the high reproductive ability of females, wild boar populations need to be intensively managed, and 

this should be carried out especially through hunting (BIEBER and RUF 2005, SODEKEIT et al. 2005, 

GETHOEFFER et al. 2007, CELLINA 2008, SERVANTY 2008). Given that predation, natural mortality and 

mortality on roads are minimal, food conditions and predation in the form of hunting are decisive 

factors (OKARMA et al. 1995, NORES et al. 2008, TOIGO et al. 2008). Optimal nutrition conditions 

within artificially created agricultural environments improve reproductive condition (BOUTIN 1990, 

SAETHER 1997, GETHOEFFER et al. 2007). Supplemental feeding in winter also has a marked positive 

influence, as it enables females to survive the winter in very good condition (ANDRZEWSKIJ and 

JEZIERSKI 1978, MASSEI et al. 1997, BIEBER and RUF 2005, GEISSER and REYER 2005, CELLINA 2008). 

Population dynamics of wild boar reflect fluctuations in availability of food, and especially acorn 

abundance (CAHILL and LLIMONA 2004, MAILLARD and FOURNIER 2004, NOVÁKOVÁ et al. 2010). 

Reduction of the wild boar population in forests in winter is necessary for regulating and preventing 

damages in agricultural areas (MEYNHARDT 1989, LIEBL et al. 2005). In summer, most wild boar 

herds move to agricultural areas where they cause damages (GERARD et al. 1991, CAHILL et al. 2003, 

KEULLIG et al. 2010). Such animals migrating into the agricultural landscape should therefore be 

regulated. This should be achieved primarily by decreasing population abundance and by hunting 

adult females and piglets, thereby preventing them from learning to use these areas (KEULIG et al. 

2010). Moreover, mothers of hunted piglets may learn from this and thus stay in the forest in future 

(MEYNHARDT 1990, KEULIG et al. 2010). Supplemental feeding and fencing have proven to be 

effective prevention tools only in the first phases (PASLAWSKI 1975, HONE and ATKINSON 1983, 

MAILLARD 1998, GEISSER and REYER 2004), as wild boar adapted to them after longer periods. 

Supplemental feeding, or possibly small fields for the animals, may also be a non-lethal instrument 

and means of mitigating the damages (e.g. ANDRZEJEWSKIJ and JEZIERSKI 1978, ZIEGELTRUM 2004, 

FATTEBERT et al. 2005). Most authors, however, consider supplemental feeding to be counter-

productive as it supports the already high reproductive ability, especially of juveniles (BOUTIN 1990, 

GEISSER and REYER 2004, BIEBER and RUFF 2005, CELIINA 2008, KEULIG et al. 2010). Supplemental 

feeding should certainly be minimized and used with caution (BIEBER and RUFF 2005, GEISSER and 

REYER 2005). Hunting on baiting grounds with small amounts of food, however, is highly effective 

(BRIEDERMAN 1977, DOERR et al. 2001, ELLIGER et al. 2001, LIEBEL et al. 2001, KEULIG et al. 2010). 

Management by hunting is the most important tool for controlling diseases and damage (MAILLARD 

1998, KADEN 1999, GEISSE and REYER 2004). The effectiveness of hunting is influenced by hunting 

traditions, landscape structure, terrain and food conditions (BRIEDERMAN 1990, CSANYI 1995, 

HERRERO et al. 1995, FERNANDEZ-LLARIO et al. 2003, ACEVEDO et al. 2005, UEDA and KANZAKI 2005, 

ACEVEDO et al. 2006, MASSOLO and MAZZONI DELLA STELLA 2006). Hunting can be a very effective 

tool for regulating population density and thus can reduce the risk of the spread of diseases. On the 

other hand, intensification of effective methods may also significantly affect spatial behavior (e.g. 

MAILLARD and FOURNIER 1995, BAUBET et al. 1998, CALAGNE et al. 2002). Higher numbers of 

juveniles may increase the risk of damages, as they cover larger areas than do adults (KEULIG et al. 

2010). Hunting of piglets already at a young age is thus very important (GENOV et al. 1994, BIEBER 

and RUF 2005), as piglet mortality is much lower than is called for by regulation. Capturing and 

shooting from helicopters also appear to be very efficient (DEBERNADI et al. 1995, KEULIG et al. 
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2010). Effectiveness should now be preferred over the traditionalism which is ingrained especially in 

Central Europe. 
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Abstract 

 

The research deals with evaluating craniometric values for wild boar mandibles in the České 

Budějovice district (South Bohemian region) of the Czech Republic. A total of 993 mandibles from 

individuals of various ages were measured. Six dimensions were taken for each mandible. Age was 

determined according to teeth development. Data was evaluated using basic statistical methods in 

Statistica 9.0. The wild boar occurring in the České Budějovice district do not significantly differ 

morphologically from those in other areas where they occur. Sexual dimorphism during growth of the 

mandible is already manifested in the youngest individuals (males having larger mandibles), and 

therefore mandible development differs from that of, for example, weight, where differentiation 

occurs only at later age. No statistically significant differences were determined between years 1999 

and 2000. 

 

Keywords: wild boar, morphometrics, mandible, sexual dimorphism 
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Introduction 

The wild boar is one of the most common and widespread large mammals in the Old World. It occurs 

in most of Eurasia, where it is relatively common in woodlands and reed bed areas (Nowak 1999). 

The wild boar’s wide geographic distribution results from the large physical variability in 

characteristic of the species. Accordingly, the species also has been subdivided into several 

geographical subspecies (e.g. Epstein 1971, Groves 1981, Mayer and Brisbin 1991, Genov 1999). 

However, currently from Variability is manifested not only on a geographical basis, but there also are 

significant temporal changes in growth and physical development (Pedone et. al. 1995, Stube et al. 

1980). Food source availability plays an especially important role in physical development, and this is 

also manifested in female reproductive characteristics (Hebeisen 2007, Santos et al. 2006, Maillard et 

al. 2004, Ježek et al. 2011). 

Materials and Methods 

Mandibles from a total 993 wild boar hunted in the České Budějovice district (South Bohemian 

region) during 1999 and 2000 were collected within the study. The studied area has forest coverage 

of 32%. We measured 6 basic mandibular dimensions on the mandibles: mandible width (orale, 

between the lateral points of the coronoid processes), width at mandibular diastema (measured at 

the narrowest points of the mandible between C and P4), mandible height – orale (measured from 

the lower plane of the mandible), height at mandibular diastema, mandible length – measured from 

infradentales to the posterior edge of the condyloid process (Figure 1). Age was determined 

according to teeth development and each individual was placed into one of the following age classes 

(Briederman 1970) (Table 1). 

 

age class age 

1 3-4 months 

2 5-10 months 

3 10-12 months 

4 12-14 months 

5 14-16 months 

6 18-20 months 

7 21-24 months 

8 24 months and older 

Table 1: Age classes according to Briederman (1970) 
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Figure 1: Measured mandible dimensions 

 

The data was processed in Microsoft Excel 2007. Statistica 9.0 was used for statistical processing. 

Tests for normality and homogeneity were performed for all data. A test for distribution normality 

(Kolmogorov–Smirnov and Lilliefors tests for normality) and a test for homogeneity of variances 

(Cochran’s, Hartley’s and Bartlett’s tests) were preformed for all variables. Data conforming to the 

normality condition was compared using Student’s t-test. The non-parametric Kruskal-Wallis test was 

used for the analysis of variables which did not conform to the homogeneity of variance condition. 

 

Results and discussion 

 

Mandible dimensions were analyzed, and sexual dimorphism as well as year-on-year differences in 

growth development were monitored in the first 2 years of age. Statistically significant differences 

were proven for all dimensions in all age classes. Results are presented in Tables to . The range of 

morphometric indicators determined in all age classes fall within those values determined for the 

territory of the Czech Republic (Wolf 1987; Kratochvil et al. 1986) and Europe (Niethammer, Krapp 

1986; Baubet et al. 1995; Gallo Orsi et al. 1995; Moretti 1995; Briedermann 1986). 

 

It is evident from the results that sexual dimorphism is especially manifested in dimension B, where a 

difference occurs in most age classes. Although differences between males and females in other 

dimensions were not proven to be significant, sexual dimorphism is conclusively shown by the 

mandibular growth curves. The differences between males and females are discernible in all 

dimensions. The significant difference of dimension B supports the rule-of-thumb in popular science 
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books that the males have wider and relatively shorter heads than do females (Hell 1986, Wolf 2000, 

1987, 1984, Babička 1984, Krže 1982), and it is one of the identifying characteristics. From the 

viewpoint of mandibular development and growth, our findings do not support the hypothesis of 

wild boar sexual differentiation at a later age. For example, Gallo Orsi et al. (1995) and Pedone et al. 

(1995) report a weight differentiation between males and females at 14–15 months of age, Ježek et 

al. (2011) at 18–20 months, and Moretti (1995) already at 13–14 months. Our results also did not 

confirm the findings of Moretti (1995) that the females grow faster than males until 12 months of 

age. Those authors posit a change in energy utilization strategy as the reason for weight 

differentiation. The males put all energy into growth, while the females, from the 12th month 

onward, apportion the energy between growth and reproduction. It is evident from our findings, 

however, that this differentiation occurs much earlier. Our results can support the hypothesis that 

body weight need not be correlated with cranial dimensions (Hell, Paule 1983). 

 

Age 

class 

Female 

 

Male 

 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

1 19 5.8 4.6 6.8 0.5 0.7 0.2 23 5.9 4.9 6.8 0.2 0.5 0.1 

2 55 6.5 5.8 8.0 0.2 0.4 0.1 31 6.7 5.9 7.4 0.1 0.3 0.1 

3 387 7.5 5.9 8.7 0.3 0.5 0.0 313 7.8 6.0 9.9 0.4 0.6 0.0 

4 1 8.5 8.5 8.5    16 8.6 7.8 9.2 0.1 0.4 0.1 

5 54 8.4 7.1 9.8 0.3 0.5 0.1 41 8.6 7.2 9.8 0.3 0.6 0.1 

6 3 8.8 8.2 9.4 0.4 0.6 0.3 29 8.8 8.1 9.7 0.1 0.4 0.1 

7 6 8.8 8.4 9.8 0.2 0.5 0.2 7 8.9 7.8 9.4 0.3 0.6 0.2 

8 12 8.8 8.1 9.7 0.2 0.4 0.1 1 9.3 9.3 9.3    

Table 2: Dimension A in males and females (significantly different age classes are highlighted in red) 

 

Growth in mandible width (orale) between the lateral points of the coronoid processes is the 

steepest within 1 year of age. By the 4th month of age (age class 1), the mandible width reaches 66% 

and 64% of that of an adult animal in females and males respectively. At 12 months of age (age class 

3), females reach 85% and males 83% of the width for adult animals over 2 years of age. 
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Age 

class 

Female 

 

Male 

 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

1 19 2.6 2.2 2.9 0.0 0.2 0.0 23 2.9 1.9 3.7 0.1 0.3 0.1 

2 55 3.0 2.5 4.9 0.2 0.4 0.1 31 3.2 2.9 3.5 0.0 0.2 0.0 

3 387 3.3 2.2 8.6 0.3 0.5 0.0 313 3.3 2.4 7.3 0.1 0.4 0.0 

4 1 3.6 3.6 3.6    16 3.4 2.7 3.7 0.1 0.3 0.1 

5 54 3.4 2.8 4.1 0.1 0.3 0.0 41 3.7 3.3 4.8 0.1 0.3 0.0 

6 3 3.6 3.5 3.7 0.0 0.1 0.1 29 3.9 3.4 4.4 0.1 0.3 0.0 

7 6 4.1 3.6 4.4 0.1 0.3 0.1 7 4.1 3.8 4.7 0.1 0.3 0.1 

8 12 3.9 3.7 4.3 0.0 0.2 0.1 1 3.8 3.8 3.8    

Table 3: Dimension B in males and females (significantly different age classes are highlighted in red) 

 

Until 4 months of age, mandible width at the narrowest point (diastema) reaches 66% and 76% of 

the width of 2-year-old individuals in females and males, respectively, and at 1 year of age it reaches 

84% and 86% of these values. 
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Age 

class 

Female 

 

Male 

 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

1 19 5.1 3.6 6.0 0.5 0.7 0.2 23 6.3 4.3 7.8 0.5 0.7 0.1 

2 55 6.9 5.0 9.1 0.8 0.9 0.1 31 7.9 7.1 9.1 0.2 0.4 0.1 

3 387 7.7 3.2 11.5 2.0 1.4 0.1 313 7.8 3.2 10.2 1.0 1.0 0.1 

4 1 8.7 8.7 8.7    16 7.9 5.7 9.8 1.0 1.0 0.3 

5 54 8.1 6.0 9.9 0.8 0.9 0.1 41 9.3 7.9 11.3 0.6 0.8 0.1 

6 3 9.1 8.4 9.6 0.4 0.6 0.4 29 9.4 4.1 11.2 1.4 1.2 0.2 

7 6 10.4 9.5 11.4 0.4 0.7 0.3 7 10.1 9.6 11.0 0.2 0.5 0.2 

8 12 10.2 9.5 10.8 0.2 0.4 0.1 1 9.9 9.9 9.9    

Table 4: Dimension AMd in males and females (significantly different age classes are highlighted in 

red) 

 

Up to the first year of age, mandible height (AMd – aborale) grows more slowly than its width. At 4 

months of age, females reach 50% and males 62% of the mandible width of 2-year-old individuals. At 

1 year of age, females reach 75% and males 77%. 

 

Age 

class 

Female 

 

Male 

 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

1 19 5.8 4.2 6.7 0.5 0.7 0.2 23 7.1 4.9 8.6 0.6 0.7 0.2 

2 55 7.9 6.0 10.7 1.1 1.0 0.1 31 9.0 7.7 9.8 0.2 0.5 0.1 

3 387 8.8 3.3 12.9 2.3 1.5 0.1 313 8.9 3.8 11.4 1.1 1.0 0.1 

4 1 10.3 10.3 10.3    16 9.1 6.4 10.8 1.2 1.1 0.3 

5 54 9.3 7.0 11.4 1.0 1.0 0.1 41 10.5 8.9 12.6 0.6 0.8 0.1 
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6 3 10.5 10.5 10.6 0.0 0.0 0.0 29 10.8 9.7 12.8 0.4 0.7 0.1 

7 6 11.6 10.9 12.6 0.3 0.6 0.2 7 11.4 10.7 12.7 0.5 0.7 0.3 

8 12 11.3 10.6 12.3 0.2 0.4 0.1 1 10.9 10.9 10.9    

Table 5: Dimension ACo in males and females (significantly different age classes are highlighted in 

red) 

 

At 4 months of age, mandible height (ACo) reaches 52% in females and 62% in males of the mandible 

height (ACo) of 2-year-old individuals. At 1 year of age, the females and males both reach 78%. 

 

Age 

class 

Female 

 

Male 

 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

1 19 2.3 1.9 2.6 0.0 0.2 0.0 23 2.6 1.9 3.3 0.1 0.3 0.1 

2 55 2.9 2.3 3.9 0.1 0.3 0.0 31 3.2 2.6 3.5 0.0 0.2 0.0 

3 387 3.3 1.7 12.6 0.8 0.9 0.0 313 3.3 1.9 9.3 0.3 0.5 0.0 

4 1 3.7 3.7 3.7    16 3.4 2.6 4.0 0.2 0.4 0.1 

5 54 3.5 2.2 4.8 0.2 0.5 0.1 41 3.7 3.1 4.3 0.1 0.3 0.0 

6 3 3.8 3.5 4.1 0.1 0.3 0.2 29 4.2 2.8 10.6 1.6 1.3 0.2 

7 6 4.1 4.0 4.4 0.0 0.2 0.1 7 4.0 3.7 4.4 0.1 0.3 0.1 

8 12 4.2 3.9 4.9 0.1 0.3 0.1 1 3.8 3.8 3.8    

Table 6: Dimension C in males and females (significantly different age classes are highlighted in red) 
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At 4 months of age, mandible height (C – diastema) reaches 54% in females and 68% in males of that 

of 2-year-old individuals. At 1 year of age, this figure is 79% in females and 83% in males. 

 

Age 

class 

Female 

 

Male 

 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

Valid 

N 

Mean Min Max Var Std. 

Dev. 

Std. 

error 

1 19 13.8 11.1 15.7 1.7 1.3 0.3 23 16.0 10.4 17.6 2.1 1.4 0.3 

2 55 17.9 10.3 27.9 7.4 2.7 0.4 31 20.0 17.4 21.8 1.1 1.1 0.2 

3 387 20.1 2.2 27.9 13.4 3.7 0.2 313 20.3 10.1 25.8 5.4 2.3 0.1 

4 1 23.5 23.5 23.5    16 21.6 16.0 25.1 5.1 2.3 0.6 

5 54 21.5 17.3 25.8 5.1 2.3 0.3 41 24.2 21.1 29.1 2.8 1.7 0.3 

6 3 23.9 22.8 25.7 2.5 1.6 0.9 29 25.1 22.0 29.3 2.0 1.4 0.3 

7 6 26.4 25.4 27.8 0.7 0.8 0.3 7 26.1 24.3 27.7 1.5 1.2 0.5 

8 12 26.5 24.2 28.0 1.6 1.2 0.4 1 25.4 25.4 25.4    

Table 7: Dimension LMd in males and females (significantly different age classes are highlighted in 

red) 

 

Mandible length (LMd) reaches 52% in females and 62% in males at 4 months of age. At 1 year of age 

it reaches 75% in females and 79% in males. 

 

It is evident from the results that in the first 4 months a wild boar’s mandible grows more quickly in 

width than in height and length. Until 4 months of age, dimensions related to mandible width reach 

almost 2/3 of the dimensions at 2 years of age in both males and females. On the other hand, 

dimensions relating to mandible height and length at 4 months of age reach 1/2 those of 2-year-old 

size in females, and the males within this age grow significantly faster – in 4 months reaching almost 

2/3 of the adult height and width. 

Mandible growth evidently does not correspond with the increase in weight. According to Wolf 

(1986), piglets at 1 year of age reach 37% of the weight of 2-year-old individuals. In Switzerland, 

Moretti (1995) reports this figure to be 40%, and in some areas, according to Ježek et al. (2011), the 

weight reaches even 45% of that of 2-year-old individuals. 
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Graph 1: Development of the measured mandible dimensions in females and males 
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In age class 1, no statistically significant difference was found between 1999 and 2000 in any of the 

dimensions. In age class 2, a statistical difference between 1999 and 2000 was proven for the 

dimensions AMd (t=3.331; p=0.001) and ACo (t=3.111; p=0.002). In age classes 3, 4, 5, 6 and 7, no 

significant difference in mandible dimensions between 1999 and 2000 were observed. 

 

Conclusion 

Wild boars occurring in the České Budějovice district do not morphologically differ from those in 

other areas where they occur. In mandible growth, sexual dimorphism occurs already in the youngest 

individuals (males having larger mandibles), and therefore the mandible development differs from 

that of, for example, weight, in which differentiation occurs only at later age. No statistically 

significant difference was observed between years 1999 and 2000. 
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