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1. INTRODUCTION 

The Eurasian wild boar (Sus scrofa) is the most widespread species in the Suidae 
family, its range extending from Western Europe to the Far East and insular 
South-east Asia with introduced populations in Australia, New Zealand, and the 
Americas (Wilson and Mittermeyer 2011). Wild boar disappeared from northern 
areas soon after the end of the Middle Ages due to a period of extraordinarily 
cold winters, but returned to its former range or escaped from enclosures (see 
Thurfjell et al. 2009) in the 20th century and established viable populations 
(Lepiksaar 1986). At a biogeographical scale, western Eurasian wild boar popu-
lations today are primarily limited by winter harshness and vegetation produc-
tivity, whereas the presence of wolves (Canis lupus) only has a weak limiting 
effect on population densities (Melis et al 2006). Mortality from wolf predation 
is minor compared to the influence of hunting (see also Selva 2004; Nores et al. 
2008), which has a strong effect on wild boar mortality (Nores et al. 2008), 
activity (Sodeikat and Pohlmeyer 2003; Keuling et al. 2008; Scillitani et al. 
2010; Thurfjell 2011; Saïd et al. 2012), and possibly even reproductive tactics 
(see Servanty et al. 2009; Gayet et al. 2016). 

During the second half of the 20th century, wild boar abundance increased 
markedly throughout Europe (Boitani et al. 1995; Fruzinski 1995; Neet 1995; 
Geisser and Reyer 2005, Massei et al. 2015). This population increase has been 
associated with a decrease in the relative impact of hunting, mild winters, and 
increased availability of the anthropogenic foods originating from agriculture and 
supplementary feeding (Massei et al. 2015). Such population increase can 
potentially result in an intensification of human-wildlife conflicts as wild boar is 
considered a major agricultural pest (Geisser and Reyer 2004; Cellina 2008; 
Chauhan et al. 2009; Lindblom 2011). Additionally, it can cause damage to 
hardwood plantations by uprooting and feeding on seedlings (Mayer et al. 2000) 
and even attack humans (Chauhan et al. 2009). Also, more negative con-
sequences on other species are likely to occur – in addition to direct predation 
(see Briedermann 1990; Giménez-Anaya et al. 2008; Wilcox and van Vuren 
2009; Экономов 2016), wild boar can affect other animals indirectly through 
changes in vegetation (see Singer et al. 1984; Kotanen 1995). 

 
 

1.1 The effect of wild boar diet on abundance, 
reproduction and habitat use 

Wild boar are opportunistic omnivores and dietary generalists (Senior et al. 
2016), whose diet composition depends largely on the availability of different 
food types, including seasonal and geographic variability in various parts of its 
range (Schley and Roper 2003; Baubet et al. 2004; Cellina 2008; Ballari et al. 
2015). Consequently, landscape diversity is a key factor in determining wild 
boar abundance, probably acting through the availability of food resources and 
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protective cover (Acevedo et al. 2006). Seasonal differences in habitat selection 
are also related to changes in the availability of food and shelter (Meriggi and 
Sacchi 2001; Keuling 2009; Thurfjell et al. 2009), but broadleaved (deciduous) 
and mixed forest are used for all activities (Abaigar et al. 1994; Meriggi and 
Sacchi 2001; Merli and Meriggi 2006; Thurfjell et al. 2009; Borowik et al. 
2013). The majority of diet consists of vegetal matter, including both above- 
and below-ground parts of plants, fruits, and seeds (Briedermann 1990; 
Fournier-Chambrillon et al. 1995; Schley and Roper 2003; Baubet et al. 2004). 
Natural mast foods, mostly in the form of acorns (mainly Querqus petrea and 
Q. robur) and beechnut Fagus sylvatica, constitute an important food category 
for wild boar, whereas acorns occur more often and in larger quantities (Cellina 
2008).  

Numerous studies have highlighted the importance of food resource 
(particularly mast) availability for wild boar (Mexia-de-Almeida et al. 2004; 
Geisser and Reyer 2005; Acevedo et al. 2006; Melis et al. 2006; Fonseca 2008; 
Rosvold and Andersen 2008). Wild boar abundance is positively affected by 
years of high production of mast (Gethöffer et al. 2007; Cutini et al. 2013), 
which has a strong influence on the reproductive phenology (Massei et al. 1996; 
Servanty et al. 2009; Canu et al. 2015; Frauendorf et al. 2016; Gamelon et al. 
2017). Interestingly, an increase in reproductive performance has been 
associated with consumption of acorns, but not beechnut (Frauendorf et al. 
2016; Gamelon et al. 2017). This difference could potentially be related to high 
levels of lysine in acorn and its effect on reproductive traits (Gamelon et al. 
2017). The effect of mast production in current and previous year can differ in 
populations of varying mast availability, so that the reproductive traits of adult 
females in a resource-limited population are influenced by seed availability in 
both current and previous years, whereas in a population of abundant resources, 
only seed availability in the current year has an effect (Gamelon et al. 2017). 
Climatic conditions such as temperature and rainfall can also affect the pro-
portion of females that reproduce (Servanty et al. 2009; Canu et al. 2015), but 
this effect might act indirectly through the nutritional conditions.  

A significant proportion of juvenile females in the population can reproduce 
(Gethöffer et al. 2007; Servanty et al. 2009; Gamelon et al. 2017). They have to 
reach a threshold body mass of 27–33 kg before breeding for the first time 
(Servanty et al. 2009), but lower weight values of 20 kg (Gethöffer et al. 2007) 
and 17 kg (Cellina 2008) have also been recorded to mark the start of puberty in 
females. This comprises about a third of adult body mass, and is relatively low 
compared to 80%, which has been reported in other ungulates (Servanty et al. 
2009). Females with a good food supply start to breed earlier (Briedermann 1990) 
and drive population growth under good conditions (Bieber and Ruf 2005). 
Although wild boar females have been known to exhibit reproductive synchrony 
(Canu et al. 2015), breeding can occur after the main reproductive season in 
young sows (Gethöffer et al. 2007; Cellina 2008). However, once sexual 
maturity has been reached, female wild boar attempt to reproduce every year 
whatever the environmental conditions (Servanty et al. 2009). Juvenile females 
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produce similar-sized litters independent of food availability, but adult females 
produce highly diversified offspring within a litter in years of abundant mast 
production and similar-sized litters in years of poor mast production (Gamelon 
et al. 2013). 

The absence of mast is most pronounced on the juveniles (Groot Bruinderink 
and Hazebroek 1994) and following a poor mast year, wild boar can increase 
their consumption of foods of anthropogenic origin. For example, in France 
wild boar compensated lack of acorns by feeding on grapes in the vineyards 
(Fournier-Chambrillon et al. 1995). Wild boar inhabiting a mosaic forest-
farmland habitat can substitute much of the natural food with crops and cereals 
(Merta et al. 2014), which are consumed year-round when available (Schley and 
Roper 2003; Herrero et al. 2006, Cellina 2008). The increased use of fields in 
summer is strictly related to ripening of the crops (Thurfjell et al. 2009; Keuling 
et al. 2010). However, not all animals increase their use of agricultural fields – a 
significant amount of wild boar can shift their home ranges entirely to fields, 
whereas some move between forest and fields, and some remain in the forest 
(Keuling et al. 2009). When hunting pressure is low, ripe crops can be used for 
both forage and cover (Keuling et al. 2008; Thurfjell et al. 2009). A clear prefe-
rence is shown for certain crops – maize is the most frequently damaged, 
followed by durum wheat, oats, barley, and soft wheat (Amici et al. 2012). Also, 
wheat and barley are consumed only when these crops are maturing between 
May and August (Herrero et al. 2006). The type of crops can even affect the 
diurnal activity of wild boar – in Germany, despite being mostly nocturnal, higher 
daytime activity was recorded near wheat, oat, and rapeseed fields compared to 
other agricultural habitats (Keuling et al. 2008). 

In addition to crops, supplementary feeding can constitute a major food 
category for wild boar through-out the year, although mast and standing crops, 
especially maize, are preferred to supplemental maize (Cellina 2008). Evidence 
from stomach analysis of wild boar shot at baited sites suggests that they visit 
more than one supplementary feeding site during the night (Cellina 2008).With 
ad libitum feeding, supplementary food satisfies an average of one third to two 
thirds of wild boar energy requirements, but depending on the year and season, 
total satiation can be reached (Andrzejewski and Jezierski 1978). Older animals 
tend to feed more on supplemental food and less on agricultural crops (Cellina 
2008). The temporal patterns of supplementary feeding vary in different study 
systems – in Poland, maximum feeding took place from May to September, when 
natural food was abundant (Andrzejewski and Jezierski 1978), in Luxembourg, 
supplementary food was least important from July to September, when agri-
cultural crops became available (Cellina 2008), in Spain, feeding was carried 
out in summer, when natural food is scarce (Navarro-Gonzalez et al. 2013), and 
in the Czech Republic, supplementary food was most important in winter (Ježek 
et al. 2016). 

Supplementary food and crops are not the only alternative to mast. In the 
absence of supplementary food, wild boar increase their intake of roots and 
broadleaved grasses accordingly (Groot Bruinderink and Hazebroek 1994). In a 
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population without access to foods of anthropogenic origin, wild boar were 
observed to actively consume pine seeds, even when their availability was low 
(Massei et al. 1996). And in poor mast years, the importance of animal food 
increases, being more important for the juveniles (Groot Bruinderink and Haze-
broek 1994). Animal food is consumed frequently and in greater proportions in 
the introduced range, reaching up to 33% by volume, whereas in the native 
range its volume varies from 1% to 16% (Ballari and Barrios-García 2014). 
However, the proportion of animal food can be easily underestimated, because 
of its rapid or entire digestion (Fournier-Chambrillon et al. 1995). 

Wild boar are known to consume both vertebrates and invertebrates to a 
varying degree. Invertebrates include gastropods, earthworms, myriopods, insects 
and larvae (Briedermann 1990; Schley and Roper 2003, Cellina 2008). When 
available, year-round consumption of snails (Herrero et al. 2006) and earth-
worm (Baubet et al. 2003) has been observed. Earthworm appears to be one of 
the most important sources of animal food and its frequency in wild boar diet 
can reach up to 92% (Baubet et al. 2003). Vertebrate diet includes mostly small 
mammals such as rodents, moles, and shrews, birds and ungulates, whereas fish, 
reptiles and amphibians are only seldom preyed upon (Briedermann 1990; 
Schley and Roper 2003; Cellina 2008; Wilcox and Van Vuren 2008; Ballari et 
al. 2015). Season has a strong effect on the frequency of different animal foods 
due to availability. For example, earthworm consumption increases in spring, 
reaching a maximum in summer and autumn (Baubet et al. 2003) and bird con-
sumption is most frequent in late spring and summer (Herrero et al. 2006; 
Ballari et al. 2015). 

Various studies have shown that wild boar can predate on birds and their 
eggs, particularly grouse (Briedermann 1990; Svobodová et al. 2012; Carpio et 
al. 2014; Экономов 2016; Senserini and Santilli 2016) and waterfowl (Purger 
and Mészáros 2006; Giménez-Anaya et al. 2008), but a variety of passerines, 
pigeons, woodpeckers, and owls has also been recorded in wild boar diet (Cellina 
2008; Ballari et al. 2015). However, they are often neglected in conservation 
management of ground-nesting birds. For example, although wild boar is 
recognised as an occasional nest predator of capercaillie (Tetrao urogallus) 
(Saniga 2002), mesopredators such as pine marten (Martes martes) and red fox 
(Vulpes vulpes), as well as goshawk (Accipiter gentilis), are believed to have the 
most effect (Summers et al. 2004; Wegge and Rolstad 2011; Moreno-Opo 
2015). 
 
 

1.2 Effects of supplementary feeding 
Supplementary feeding in general means that additional food is provided for 
wild animals in their natural habitat. Depending on the ultimate purpose of the 
feeding, Cellina (2008) has categorised different kinds of supplementary feeding 
as followed: a) dissuasive feeding, b) baiting, c) massive feeding, d) provision 
of game meadows, e) feeding to avoid food distress or famine, f) providing 
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minerals/salt, and g) vaccination. All of these have been used for wild boar, but 
to meet their goal, differences in the period and amount of food availability 
must be taken into account. However, although essentially different in theory, in 
practice these categories cannot always be easily distinguished. 

Long-term supplementary feeding can lead to an increase in the reproductive 
potential of female wild boar (Cellina 2008). A comparison of two wild boar 
populations from southern Poland has shown that wild boar whose diet consists 
mostly of crops and cereals are heavier and have a larger kidney fat index than 
those inhabiting a large compact forest and feeding on natural plants (Merta et 
al. 2014). These attributes are directly related to reproductive traits in wild boar 
(see chapter 1.1). Similarly, cessation of supplementary feeding can lead to 
increased variation in weight of even-aged cohorts of different years of birth 
and a decrease in recruitment, but the effect is not as strong if wild boar have 
access to other anthropogenic food sources (Groot Bruinderink and Hazebroek 
1994). 

Dissuasive feeding has been suggested as a means to reduce damage to 
crops and there is some literature to support this practice (see Andrzejewski and 
Jezierski 1978; Calenge et al. 2004). However, in the long term, the positive 
effect of supplementary feeding on wild boar reproduction and the subsequent 
increase in abundance seems to outweigh the potential deterring effect. In 
Switzerland, more damages to crops tend to occur in areas with more 
supplementary feeding (Geisser and Reyer 2004). Ripe crops, which are most 
sensitive to damage, are preferred to supplemental food by wild boar (Cellina 
2008), so that feeding has the least effect on deterring wild boar from fields 
during the period, when it matters the most. And in a study of damage patterns, 
the distance to a supplementary feeding site was one of the most important 
factors to explain the severity of damage to an agricultural field, being the most 
severe between 750 m and 1500 m from the feeding site (Lindblom 2011). 

Supplementary feeding has also been suggested as a means to decrease nest 
predation, but the effects of this practice range from decreased (Vander Lee et al. 
1999) to increased nest predation (Cooper and Ginnett 2000; Jones et al. 2010; 
Selva et al. 2014), or no effect (Greenwood et al. 1998; Jones et al. 2002). This 
is probably due to similar reasons as with the use of dissuasive feeding to reduce 
damage to crops. But additionally, supplementary feeding can potentially also 
concentrate non-target species, capable of predating on birds and their nests. In 
Estonia, supplementary feeding sites of wild boar are actively used by raccoon 
dogs (Nyctereutes procyonoides) (Süld et al. 2014) and raccoons (Procyon lotor) 
caused major nest loss near deer feeders in USA (Cooper and Ginnett 2000). 

Depending on the overall resource availability, supplementary feeding can 
influence wild boar space use and daily activity. Wild boar are mostly nocturnal 
(Boitani et al. 1994), but if the same feeding site is visited by a large number of 
wild boar groups, which lack tolerance for other groups, these sites can also be 
visited during daytime (Andrzejewski and Jezierski 1978). Female groups with 
access to artificial food sources use the core areas of their home range more 
consistently than males, who tend to wander over the entire range (Boitani et al. 
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1994). Also, the annual home range of wild boars which receive supplementary 
food can be half the size of that used by animals without artificial feeding (Prévot 
2010). Wild boar groups with frequent and year-round access to artificial food 
source have also failed to show seasonal patterns in home range use, which are 
characteristic of other wild boar (Boitani et al. 1994), and can increase their use 
of nutritionally unrewarding habitats (Thurfjell et al. 2009). 

Wild boar host various parasites and can be a vector and reservoir for 
numerous pathogens shared between wildlife, livestock, and humans (Martin et 
al 2011). Supplementary feeding can potentially facilitate the transmission of 
various diseases in wildlife (Sorensen et al. 2014). Solitary males tend to avoid 
each other, but habitat use of different family groups can overlap (Boitani et al. 
1994) and when a feeding site is visited by several groups of wild boar 
(Andrzejewski and Jezierski 1978), increased contact rate of separate groups 
can lead to increased risk of infection (Arneberg 2001; Arneberg 2002; Roberts 
et al. 2003). With the current spread of the African swine fever (ASF) in Europe, 
it is recommended to limit supplementary feeding of wild boar (Gavier-Widén 
et al. 2015), although it seems to be one of the least effective measures in 
controlling the continued spread of this disease (Guinat et al. 2017). 

 
 

1.3 Status of wild boar in Estonia 
Wild boar first reached Estonia in the late-Preboreal stage of the Postglacial 
thermal period (9,500 BP), when the abundance of hazel Corylus sp. groves 
created favourable conditions for many omnivorous animals by the production 
of hazelnuts and humus, which is rich in worms, insects and molluscs (Lepik-
saar 1986). Broadleaved forests are essential for wild boar (Abaigar et al. 1994; 
Meriggi and Sacchi 2001; Merli and Meriggi 2006; Thurfjell et al. 2009) – this 
is also demonstrated by the distribution of wild boar in Norway, which was 
restricted to broadleaved forests even during the most favourable climatic 
period of the Holocene (Rosvold et al. 2010). Presently, wild boar in Estonia 
live close to the northern limit of the species range, and the climate reflects a 
transition between continental and maritime influences with an average air 
temperature of 16 °C to 17 °C in July and –6 °C to –7 °C (East and Central 
Estonia) or –2 °C to –4 °C (West Estonia) in January. The northernmost popu-
lations inhabit Karelia (Danilkin 2001). 

Nearly half of Estonia is covered with forests, the most common forest tree 
species being Norway spruce (Picea abies), Scots pine (Pinus sylvestris), birch 
(Betula sp.) and aspen (Populus tremula). However, mast trees (common hazel 
Corylus avellana and English oak Q. robur), although present in the parks, are 
uncommon in the wild. The highest proportion of forests containing oak occur 
in the island Saaremaa and also cover over 1 % of the area in the Lääne, Rapla 
and Harju counties. Reed (Phragmites australis) shoots and roots provide a 
natural energy-rich food source, but in general, mast foods have been sub-
stituted by foods of anthropogenic origin – seasonally available agricultural 
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crops and supplementary feeding. Both, agricultural production and supple-
mentary feeding are associated with wild boar presence in unfavourable habitats 
and increased abundance (Fruziński and Łabudzki 2002; Melis et al. 2006; 
Cellina 2008; Rosvold and Andersen 2008). Evidence from boar remains 
suggests that wild boar benefited from the availability of anthropogenig food as 
early as in the Subboreal climatic period (5,000 to 2,500 BP), when refuse 
heaps near human dwellings might have served as supplementary feeding sites 
(Lepiksaar 1986). 

Extraordinarily cold winters during the Little Ice Age reduced the popu-
lations of ungulates to a minimum, whereas wild boar disappeared shortly after 
the end of the Middle Ages (Lepiksaar 1986). Low temperatures can impose 
strong constraints on the energy budget of wild boar (Lemel et al. 2003) and 
snow depths of 40–50 cm have been considered as a limiting factor of wild boar 
range (Danilkin 2001). Deep snow makes foraging energetically costly and 
difficult, and can cause rapid deterioration of body condition, increased 
susceptibility to disease, and starvation (Jędrzejewski et al. 1992). After climate 
amelioration, wild boar returned to Estonia about 1930 and soon established a 
large population despite a temporary decrease during the severe winters of 
1939–1941 (Lepiksaar 1986). During the time of this study, hunters’ estimation 
of adult and yearling wild boar abundance before the birthing period in spring 
was about 22,000, while yearly hunting bags ranged from 17,000 to 25,000 
(Fig 1). In Estonia, wild boar are preyed upon mainly by wolf (Valdmann et al. 
1998) and only occasionally by brown bear (Ursus arctos) (Vulla et al. 2009) 
and Eurasian lynx (Lynx lynx) (Valdmann et al. 2005). However, in general, 
large carnivores seem unlikely to be capable of limiting boar numbers in 
Estonia and hunting is probably the most important cause of mortality. Today, 
the abundance of wild boar has been strongly influenced by the rapid spread of 
the ASF virus and hunters’ estimates of abundance have decreased in all 
counties except on the island Hiiumaa (Veeroja and Männil 2016), which has 
remained an ASF-free area. 

During the 2000s, the number of supplementary feeding sites increased 
two-fold and by the time of this study there were over 4,500 supplementary 
feeding sites for wild boar in Estonia (Fig 1). These sites mostly provided grain 
and vegetables (usually potatoes), but apples, acorns and residues from food 
processing industries were also offered, depending on the season and 
availability. The majority of feeding was carried out in winter with the purpose 
of baiting animals for easier hunting, decreasing mortality during food distress, 
and preventing damage to farmland (dissuasive feeding). Although these aims 
require feeding that differs in the amount and period when food is available for 
animals (see also Cellina 2008), they resulted in year-round ad libitum feeding. 
Supplementary feeding was mostly unregulated by law and was restricted only 
in the areas where capercaillie leks were protected (since 2007). Today, supple-
mentary feeding of wild boar has been regulated by decree of the Environ-
mental Board in order to prevent the spread of ASF – feeding is allowed only 
for the purpose of baiting with a maximum of 5 kg of supplementary food 
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available and a density of one feeding site per 1000 ha (see also Gavier-Widén 
et al. 2015). 

A study carried out in an isolated population on the island Saaremaa in 
western Estonia showed that a majority of wild boar are infected with lungworm 
Metastrongylus sp. (prevalence 82 %), whereas three different species were 
identified: M. pudendotectus, M. elongates, and M. salmi (Järvis et al. 2007). 
The same study also identified Dicrocoelium dendriticum, Taenia hydatigena, 
Trichuris suis, and Ascaris suum. In the mainland, Trichocephalus suis, Oeso-
phagostomum dentatum, and Physocephalus sexalatus are also present (Järvis 
1993). Wild boar in Estonia are a reservoir for Trichinella spp. (Kärssin et al. 
2016) and Toxoplasma gondii (Jokelainen et al. 2015). Several viral and 
bacterial diseases share similar transmission routes with parasites and endo-
parasite infections can indirectly contribute to disease severity in wild boar 
(Risco et al. 2014). However, until the outbreak of the ASF in September 2014, 
wild boar population in Estonia had not suffered from increased mortality due 
to pathogens or disease in recent decades. 
 

 
Fig 1. The number of supplementary feeding sites for wild boar and hunting bag size in 
Estonia, both increased markedly during the 2000s. Data from Statistics Estonia and 
Estonian Environment Agency. 
 
 

1.4 The objectives of this thesis 
The main objectives of this thesis were to examine: 
• the effect of extensive supplementary feeding of wild boar on predation of 

ground-nesting birds; 
• the effects of concentrating animals to feeding sites and increased overall 

host abundance on wild boar infection with endoparasites. 
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To achieve these aims, wild boar density in Estonia was modelled in paper I, 
using generalised linear models with mixed effects (GLMM). An abundance 
index from a winter wildlife census programme, based on track counts, was 
used to indicate wild boar abundance and various management- and climate-
related factors were included as explanatory variables. 

To study the behaviour of wild boar as a predator and to investigate the 
effect of supplementary feeding on ground-nesting birds, wild boar spring diet 
was studied and experiments with artificial nests were carried out. In paper II, 
wild boar faeces were collected from protected capercaillie leks and sur-
rounding areas that have restrictions against supplementary feeding, and analysed 
using a morphological method as well as a newly developed molecular method. 
In addition to the samples used in paper II, stomachs were collected from wild 
boar shot by hunters and faeces were collected from hunting districts that had 
no restrictions against supplementary feeding. 

In paper III, two separate artificial nest experiments were carried out to 
estimate the spatiotemporal effects of concentrating wild boar and other 
predators of ground-nesting birds around supplementary feeding sites. The first 
experiment was used to study nest predation in the immediate vicinity up to 
400 m from the feeding sites. The second experiment was used to compare 
predation risk in the immediate vicinity of active feeding sites and near 
abandoned feeding sites that are no longer used for hunting purposes. Predation 
risk was modelled using GLMM. 

To examine the effects of supplementary feeding on parasite infections in 
paper IV, endoparasite eggs and oocysts were counted in wild boar faecal 
samples. The role of host density and number of feeding sites on the risk and 
mean abundance of infection was modelled using generalized linear models 
(GLM). 

All data were collected before the outbreak of the ASF virus in Estonia.  
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2. MATERIALS AND METHODS 

2.1. Wild boar abundance 
In paper I, data from the winter wildlife census programme in Estonia was used, 
the study period covered six years (2006–2011), including three harsh winters 
with deep snow cover and low temperatures. Every year, local hunters counted 
383 permanent 12-km-long routes for tracks 24 h after snowfall. The method 
provides an abundance index (AI), which corresponds to the number of tracks 
per km. In the analysis, AI was calculated for each year by averaging wild boar 
track counts from all valid routes in each county in Estonia. All points with 
missing data were excluded from the analysis, leaving 80 data points to 
represent Estonia on the county level across a 6-year period. 

Seven independent variables representing hunting, food, habitat and 
predators were used in the analysis: the size of the hunting bag (BH), the 
number of hunting stands (HS) and supplementary feeding sites (FS), which 
were each calculated per 1,000 ha of forest, the proportions of the area covered 
with agricultural fields (AGRI) and forests (FOR), and the AIs for wolf and 
Eurasian lynx. Two variables were used to describe the climate – mean January 
temperature (current and previous year summed; TEMP) and the sum of mean 
monthly snow depth during the previous year (SNOW). Wild boar AI was ln-
transformed prior to analysis in order to normalise the distribution of the model 
residuals. 

Generalized linear mixed models were used to investigate variations in wild 
boar abundance based on AI, year was used as a random effect. Models were 
ranked by the Akaike information criterion corrected for finite sample sizes 
(AICc) (Burnham and Anderson 2004) and maximum likelihood estimation was 
used for model parameter estimation to allow comparison of models with 
different fixed effect structure. R version 3.0.1 (R Development Core Team 
2013), with the package nlme (Pinheiro et al. 2011), was used for statistical 
analyses. 
 
 

2.2. Wild boar diet 
2.2.1. Morphological analysis of wild boar diet 

In paper II, the data consisted of 109 wild boar faeces collected from seven 
protected capercaillie lekking areas in central, eastern, and southern Estonia, 
which had been monitored for three years (2013–2015) from the end of March 
to the middle of June. The period corresponds to capercaillie displaying and 
breeding in Estonia. Faeces were stored at -80 °C before analysis. In addition to 
the faeces analysed in the paper, a separate sample of wild boar faeces (N = 26) 
was collected from hunting districts in southern and south-eastern Estonia in 
April–May 2015. Also, 77 stomach contents (N2012 = 60, N2014 = 17) from eight 
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counties (Harju, Järva, Jõgeva, Pärnu, Põlva, Rapla, Tartu, Valga) were collected 
from wild boar shot in May–June 2012 or 2014 for additional analysis.  

Faeces and full stomach contents were washed on a metal sieve (0.8 mm 
mesh size) and identifiable objects were divided into eight categories: greens 
(above-ground plant material, except for tree leaves and needles), roots (in 
faeces only), supplementary (grain from feeding sites), invertebrates (earth-
worm, arthropod wings and leg segments, fragments of chitin), mammals (hair, 
teeth and bone fragments; undigested skin fragments in stomachs only), birds 
(feathers, bone and eggshell fragments; partly digested bird foetuses in stomachs 
only), birds/reptiles (reptilian-like scales crushed into fragments too small for 
certain identification, in faeces only), reptiles (reptilian skin fragments, in 
stomachs only), amphibians (amphibian skin fragments, in stomachs only), and 
other (digested fragments of tree leaves and needles, small stones, etc.).  

To quantify diet composition, frequency of occurrence (FO = number of 
faeces or stomachs containing each food category / total number of faeces or 
stomachs) and volume of each food category were measured. Volumetric eva-
luation was used for the faeces (see article II for specifics) and visual evaluation 
(as in Cellina 2008) for the stomachs. Owing to the difference in size, relative 

volume percentage was calculated, using the formula ௔ܸ% = 100 × ∑ ௏ೌ௏ , where ௔ܸ% is the percentage volume of a food category, ∑ ௔ܸ is the volume of objects 
in a category, and V is the total volume of objects in all categories. Chi-squared 
test was used to compare the proportion of different food categories in faeces 
(N = 135, faeces from protected areas and hunting districts summed) and 
stomachs, and R 3.4.0 was used for all analyses (R Development Core Team 
2017). 

 
 

2.2.2. Molecular method for detection of bird in mammalian faeces 

In paper II, mitochondrial DNA was extracted from 109 faeces collected from 
capercaillie lekking areas and taxon-specific primers were used for molecular 
identification of avian prey in wild boar faeces. The method is universal for 
mammals and birds and can be used for a wide range of mammalian and avian 
species. After sequencing, mammal and bird taxa were determined to the species 
level. To evaluate the sensitivity of the molecular method, the frequency of bird 
occurrence was compared in corresponding datasets used in the molecular and 
morphological analyses. 
 
 

2.3. Artificial nest experiments 
2.3.1. Study design 

In paper III, two different artificial nest experiments were carried out in four 
hunting districts in south-eastern Estonia to investigate the effect of supple-
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mentary feeding on ground nest predation. The first experiment was conducted 
to investigate the key factors associated with predation risk in the forest 
surrounding supplementary feeding sites, and the second experiment was 
conducted to investigate long-lasting effects of abandoned feeding sites. For the 
first experiment, a total of 312 nests were placed in the vicinity of 12 
supplementary feeding sites in May 2012. Two parallel transects, containing 26 
artificial nests with approximately 40 m between the nearest neighbouring nests, 
started at the proximity of each site and led into the forest interior. The quantity 
of available food, distance to the feeding site, ground cover, and forest type 
were determined for each artificial nest. 

For the second experiment, a total of 306 artificial nests were placed in the 
vicinity of active (N = 12) and abandoned feeding sites (no supplementary 
feeding for at least one year; N = 10) and control sites (located >500 m from the 
nearest feeding site; N = 9) in 2010, 2012, and 2013. Artificial nests were 
placed in a 3 by 3 pattern with approximately 30 m between the nearest 
neighbouring nests. Forest type was determined for each artificial nest, the age 
of the feeding site, defined as the time in years that had passed from 
abandonment, was determined for nests placed in the vicinity of abandoned 
feeding sites. 

 
 

2.3.2. Statistical analysis 

Generalized linear models with binomial distribution were used for predicting 
the probability of nest predation. In each experiment, nest fate was a binary 
dependent variable (0 – nest survived; 1 – nest depredated) and study plot was 
used as a random factor. Study plot referred to each individual supplementary 
feeding site or control plot.  

In the first experiment, the fixed factors were: the quantity of available food 
(INT, large sites providing >50 kg supplemental food per week, small sites 
providing <25 kg supplemental food per week), distance from the feeding site 
(DIST; linear, quadratic, cubic and quartic functions), herbaceous plant cover 
(%; COV), forest type (FT), fate of the nearest neighbouring nest (0 – nest 
survived; 1 – nest depredated; NF) and study area (Tähtvere or Valga; SA). 
Interactions between DIST × COV, DIST × INT and COV × INT were also 
included. 

In the second experiment, the fixed factors were: type of the study plot 
(feeding site or control area; TYPE), period of non-use of the feeding site (time in 
years after the abandonment of a feeding site, “0” for both active feeding sites 
and control areas; AGE) and forest type (FT) as well as the interactions between 
AGE × FT and TYPE × FT. 

Alternative models were ranked according to AICc (Burnham and Anderson 
2004) and R 3.0.1 (R Development Core Team 2013) with the package lme4 
(Bates et al. 2015) was used for all analyses.  
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2.4. Wild boar endoparasites 
2.4.1. Sample collection and parasitological analysis 

In paper IV, a total of 201 fresh-looking wild boar faeces were collected from 
April to early June in 2013–2015. The majority of samples correspond to the 
faecal samples described in paper II and chapter 2.2.1. The study area covered 
12 hunting districts in six counties (Ida-Viru, Jõgeva, Rapla, Tartu, Viljandi, 
Võru) in central and south-eastern Estonia. Faecal samples were collected by 
searching the forest and the immediate vicinity of supplementary feeding sites 
was avoided in order to prevent contamination in potentially high-risk areas. 

Faecal samples were stored at +4 °C and analysed using the concentration 
McMaster technique. Parasite eggs and oocysts were identified on the basis of 
morphological features (Roepstorff and Nansen 1998). A parasitological finding 
of endoparasite eggs/oocysts in the faeces was assumed to have been indicative 
of true infection. 

 
 

2.4.2. Statistical analysis 

Generalized linear models with binomial and negative binomial distributions 
were used for predicting the probability of endoparasite infection and infection 
intensity in wild boar. The models were ranked according to AICc (Burnham 
and Anderson 2004). Mixed models would have been preferable in our study 
design, however, the inclusion of ‘hunting district’ or ‘year’ as a random factor 
did not improve the models in terms of AICc, and the confidence interval for 
the variance of the random effect contained zero. 

Models were built using the presence or number of endoparasite eggs/ 
oocysts as a dependent variable and one independent factor to represent either 
wild boar (host) density or feeding site density. Two separate factors were used 
to represent wild boar density: wild boar hunting bag (hunting) and hunters 
estimates of wild boar population size (abundance). Two factors represented 
supplementary feeding: number of supplementary feeding sites (feeding) and 
number of salt provision sites (minerals). All four factors (feeding, minerals, 
hunting, and abundance) were calculated per 1000 ha of each investigated hunting 
district to account for variation in the size of different sampling areas. 

All statistical analyses were carried out using R 3.2.2 (R Development Core 
Team 2015), package “MASS” (Venables and Ripley 2002) was used to construct 
negative binomial regression models. 
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3. RESULTS 

3.1. Wild boar abundance 
Habitat- (FOR, AGRI) and management-related variables (FS, HS, BH) were 
very strongly correlated (in most cases r > 0.5), and these variables were not 
used in the same model to avoid multicollinearity. Lynx AI was not used in the 
same model with any of the habitat- and management-related variables due to 
strong intergroup correlations. This left a total of 26 models to be ranked by 
AICc (see Table 2 in article I for specifics). 

AICc identified two top models (M1: FS + TEMP and M2: FS + TEMP + 
WOLF), whereas wild boar AI was increased by more supplementary feeding 
(M1: β = 0.380, SE = 0.065, p < 0.001; M2: β = 0.387, SE = 0.065, p < 0.001) 
and warmer January temperature (M1: β = 0.036, SE = 0.010, p < 0.001; M2: 
β = 0.035, SE = 0.010, p < 0.001). WOLF (p > 0.4) represented a redundant 
variable and did not improve the goodness of fit of the second model – the 
difference in AICc values was less than two units. The highest-ranking model 
FS + TEMP was over ten times more likely to represent the best model than 
FS + SNOW (evidence ratio ER = 10.82) and had an ER > 750 over any of the 
models that included habitat-related variables (see Table 2 in a paper I for 
specifics). 

Therefore, wild boar abundance in Estonia is primarily determined by 
supplementary feeding and temperature, which dominate over other manage-
ment- and habitat-related variables and the negative effects of deep snow cover 
and predators. 
 
 

3.2. Wild boar diet 
3.2.1. Morphological analysis of wild boar diet 

The majority of wild boar diet consisted of plants and included items from both 
natural and supplementary sources (Table 1). Roots were not detected in 
stomachs, but occurred in similar proportion to greens in faeces (χ2

1 = 0.77, p = 
0.381). The proportion of supplementary food was similar to natural plants 
(greens) in stomachs (χ2

1 = 0.28, p = 0.600) and faeces in general (χ2
1 = 1.28, 

p = 0.259), but occurred significantly less frequently in faeces collected from 
protected areas (χ2

1 = 9.61, p = 0.002). 
The proportion of animal matter in wild boar diet is low compared to plants, 

but the frequency of occurrence is substantial (Table 1). Invertebrates were 
detected significantly less frequently in faeces than stomachs (χ2

1 = 35.68, p < 
0.001), but mammals occurred in similar proportion in both faeces and stomachs 
(χ2

1 = 0.34, p = 0.558). Objects in the category bird were significantly more 
frequent in stomachs than faeces (χ2

1 = 12.72, p < 0.001). However, it is 
difficult to say if bird occurred more frequently in stomachs than faeces due to 
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the category bird/reptile in faeces, which contained reptilian-like scales that had 
degraded too much for certain identification. Seven of the stomachs contained 
bird foetuses and only three contained bird bone fragments (two chicks, one 
adult), which indicates that in a majority of cases wild boar did not act as a 
scavenger, but actively predated on the nests and chicks of ground-nesting 
birds. Mostly, bird consumption left only trace amounts (<5 % by volume) of 
material (egg-shell fragments with a diameter less than 2 mm, 2–3 bird 
foetuses) and species identification was not possible based on morphology due 
to digestive degradation of the study material. 

Two of the analysed stomachs and six of the faeces collected from protected 
areas (5.5%) contained no plant material, which indicates a deliberate consump-
tion of animal matter as opposed to the opportunistic predation while browsing 
for other foods. Both of the stomachs contained vertebrates, but one indicated nest 
predation and the other was probably carrion consumption (roe deer Capreolus 
capreolus). Two faeces contained bird and invertebrates, one indicated both nest 
and mammal predation (field vole Microtus agrestis, identified by teeth morpho-
logy), and three consisted of bird/reptile, carrion (roe deer) or invertebrate. Of 
the faeces collected from hunting districts, only one contained invertebrates in 
addition to plant material. 
 
Table 1. Results of the morphological analysis of wild boar diet based on faecal and 
stomach analysis. 

Category 

FO (%) Volume (%) 

Faeces Stomachs Faeces Stomachs 

N = 109 N = 26 N = 77 N = 109 N = 26 N = 77 

Greens 46.8 19.2 67.5 38.2 16.7 43.0 

Roots 37.6 26.9 n.p. 23.6 16.6 n.p. 

Supplementary 25.7 69.2 72.7 21.2 66.8 47.3 

Invertebrate 25.7 3.8 63.6 3.5 < 0.1 6.3 

Mammal 7.3 n.p. 11.7 1.9 n.p. 1.1 

Bird 4.6 * n.p. 15.6 1.2 * n.p. 0.9 

Bird/Reptile 15.6 n.p. n.p. 6.9 n.p. n.p. 

Reptile 0,9 * n.p. 1.3 0.5 * n.p. 0.1 

Amphibian n.p. n.p. 2.6 n.p. n.p. 0.1 

Other 21.1 11.5 9.1 3.0 < 0.1 1.2 

* Molecular analysis was used to identify two samples from the bird/reptile category in the faecal 
analysis – one of the samples belonged to bird and the other to reptile. FO (%) – frequency of 
occurrence; V (%) – relative volume percentage; n.p. – not present 
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3.2.2. Molecular method for detection of bird in mammalian faeces 

Of the 109 faecal samples analysed with the molecular method in paper II and 
belonging to wild boar based on morphology, 49 were identified as wild boar 
and of these six contained bird DNA. Additionally, among the samples that 
gave negative result in mammalian PCR, the method identified bird DNA in 
three samples. Wild boar faeces are morphologically easily distinguishable from 
other mammals in Estonia and although the molecular method failed to identify 
the mammalian predator in three samples, they clearly belonged to wild boar. 
Thus, bird DNA was identified in nine out of 52 wild boar samples and bird 
occurred 4.5× more frequently than suggested by morphological analysis in the 
same set of samples (FOmolecular = 17.3% and FOmorphological = 3.8%). 

Five of the bird samples were determined to species level: three capercaillie, 
one black grouse (Tetrao tetrix), and one hazel grouse (Tetrastes bonasia). The 
other four bird samples were determined to genus level due to partial sequences 
(DNA degradation): three to Tetrao and one to Corvus. 
 
 

3.3. Artificial nest experiments 
3.3.1. Spatial patterns of increased depredation risk 

224 out of 312 nest were depredated (72%) in the first experiment and 
depredation risk was independent of the proximity of the nearest neighbouring 
nest (p > 0.05). Predation risk varied significantly in relation to distance, when 
moving from the feeding sites into the forest interior – the effect of distance 
from the feeding site was best explained by the cubic function. 

Feeding regime proved to be the most important factor to predict predation 
risk in the vicinity of supplementary feeding sites and dominated over all other 
factors. Three good models (ΔAICc < 2.0) were distinguished based on AICc 
values: M1 INT+DIST+DIST2+DIST3|SP, M2 INT+DIST+DIST2+DIST3+COV|SP, 
and M3 INT|SP. Removal of the factor INT resulted in models with the lowest 
AICc scores (see Table 1 in article III). Models M1 and M2 were similar in 
terms of goodness-of-fit (χ2

1 = 1.21, p = 0.271), therefore COV can be dropped 
and the simpler model preferred. Model M3 differed significantly from model 
M1 in terms of goodness-of-fit (χ2

1 = 7.86, p = 0.049), thus the factor DIST 
cannot be dropped from the model. However, models with DIST were good 
only if INT was also included (see Table 1 in paper III). According to model 
M1, supplementary feeding sites concentrated potential nest predators, including 
wild boar, whereas sites with more food available had a much stronger effect – 
nest depredation risk was significantly lower in the vicinity of small feeding 
sites compared to large sites (β = -2.563, SE = 0.394, p < 0.001), nest depredation 
reached a local maximum at approximately 150 m and was lowest at approxi-
mately 380 m. This variation in predation risk was observed only in the vicinity 
of small feeding sites (see Fig 2 in paper III). 
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3.3.2. Temporal patterns of increased depredation risk 

In the second experiment, 168 out of 306 nests were depredated (55%), and 
depredation risk varied significantly between active and abandoned feeding sites, 
as well as control plots – 75% and 48% of nests were depredated in the vicinity 
of active and abandoned feeding sites respectively, and 38% in control plots. 
Supplementary feeding sites concentrated nest predators independently of forest 
type, and this effect persisted for some time after the feeding site had been 
abandoned by the hunters. According to AICc, the best model was TYPE+ 
AGE|SP (see also Table 2 in article III), whereas depredation risk was higher in 
feeding sites than in control plots (β = 1.854, SE = 0.415, p < 0.001) and de-
creased with increasing period of non-use at abandoned feeding sites (β = –0.197, 
SE = 0.054, p < 0.001), but was significantly higher during the first few years 
after abandonment (see also Fig 3 in paper III).  
 
 

3.4. Wild boar endoparasites 
3.4.1. Parasitological findings 

Eimeria sp. (prevalence 64.2%, CI = 57.1–70.7) was the most widespread and 
abundant parasite in the 201 wild boar faecal samples, while the most prevalent 
helminths were Strongyloides sp. (prevalence 57.2%, CI = 50.1–64.1) and 
Metastrongylus sp. (prevalence 47.8%, CI = 40.7–54.9). A. suum and T. suis 
were also detected, but were not modelled due to low prevalence (10.5%, 
CI = 6.7–15.7 and 9.0%, CI = 9.0, CI = 5.6–14.0 respectively). 
 
 

3.4.2. Probability of infection and mean infection abundance 

Correlations between the different indicators of wild board density (hunting and 
abundance) were weak (Spearman rank correlation (rS) = 0.19, p = 0.007). 
However, moderate correlations existed between the density of supplementary 
feeding sites and hunting bag (Spearman rank correlation rS = 0.44, p < 0.001) 
and hunters estimation of population size (Spearman rank correlation rS = 0.34, 
p < 0.001). Hunting bag size is likely to reflect the amount of supplemental food 
provided by the hunters. 

Eimeria sp. infection was best predicted by factors associated with the density 
of wild boar (see also Table 2 in paper IV), whereas hunting bag produced the 
best model fit. Larger hunting bag size increased both the probability of 
infection (βhunting = 0.919, SE = 0.193, p < 0.001) and mean infection abundance 
(βhunting = 0.465, SE = 0.139, p = 0.001). Higher estimates of abundance also 
increased infection probability (βabundance = 0.291, SE = 0.119, p = 0.014) and 
mean infection abundance (βabundance = 0.404, SE = 0.161, p = 0.012), but 
resulted in models with significantly lower weight. 



25 

Two equally good models predicted Metastrongylus sp. infection probability 
(see also Table 2 in paper IV) – higher density of supplementary feeding sites 
(βfeeding = 2.000, SE = 0.855, p = 0.019) and larger hunting bag size (βhunting = 
0.279, SE = 0.106, p = 0.008) both increased the probability of being infected. 
The effects of host density and supplementary feeding sites cannot be separated 
completely due to correlation between these two variables. Mean infection 
abundance was not modelled for Metastrongylus sp. due to loss in the accuracy 
of faecal egg count. 
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4. DISCUSSION 

4.1. The role of supplementary feeding and other factors  
in determining wild boar abundance 

In Estonia, wild boar abundance was determined by two major factors – 
supplementary feeding and winter temperature – and the importance of habitat-
related variables was relatively low (I). Supplemental food comprises a very 
important food category for the Estonian wild boar, not only in hunting districts, 
but in protected areas as well, although limited access to supplemental food has 
resulted in its lower proportion in samples collected from protected areas (II, 
chapter 3.2.1). Widespread practice of supplementary feeding has probably 
helped ameliorate the effect of harsh winters on wild boar mortality, which are 
most detrimental to juvenile wild boar (Andrzejewski and Jezierski 1978; 
Jędrzejewski et al. 1992, Selva 2004), and increased the reproductive potential 
of the female wild boar (Celline 2008). Under good environmental conditions, 
population growth is primarily driven by juveniles (Bieber and Ruf 2005) and 
the high proportion of juvenile females participating in breeding in the Estonian 
population (Veeroja and Männil 2014) illustrates this effect of both intensive 
and extensive supplementary feeding. 

The negative effect of the mean January temperature (I) on wild boar 
abundance can reflect the effects of mortality from harsh winters (Andrzejewski 
and Jezierski 1978; Jędrzejewski et al. 1992, Okarma et al. 1995; Selva 2004), 
as well as the availability and distribution of resources (Acevedo et al. 2006). 
Indeed, the relatively milder climate in the western parts of Estonia co-occurs 
with the highest numbers of wild boar hunted per area and the proportion of 
forests containing oak (see chapter 1.3). The importance of acorns has been 
previously highlighted in numerous studies on wild boar diet and reproductive 
output (Gethöffer et al. 2007; Cellina 2008; Rosvold et al. 2010; Cutini et al. 
2013; Frauendorf et al. 2016; Gamelon et al. 2017). These areas will probably 
also be the least affected by the current restrictions on supplementary feeding in 
Estonia. 

The mean depth of the snow cover had very little effect in determining wild 
boar abundance (I). This is in contrast with a study from Italy, where snow 
depth was one of the key factors and correlated negatively with wild boar 
abundance (Cutini et al. 2013). In this study, supplementary feeding sites acted 
as concentration centres for wild boar (III), who are known to alter their habitat 
use on a relatively small scale in relation to human disturbance (Keuling et al. 
2008; Ohashi et al. 2012). However, when supplementary food is available, 
wild boar can also limit their movements in snow (Thurfjell 2011; Prévot 2010; 
Jezek et al. 2013). Therefore, the benefit from supplementary feeding in winter 
is twofold for wild boar – complementary nutrition during a period, when natural 
food is scarce, and avoidance of increased energy cost when foraging in deep 
snow (see Jędrzejewski et al. 1992; Melis et al. 2006; Cellina 2008). Similarly, 
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Okarma et al. (1995) found that snow depth has an essential role in wild boar 
mortality in extreme winters (snow cover over 70 cm lasting for two months 
with a maximum snow depth up to 100 cm, such conditions were not reached in 
this study), but in milder winters food abundance becomes the most important 
factor. Incidentally, wild boar have also been known to increase scavenging when 
snow is deepest (Selva 2004), thus taking advantage of easy-access protein-rich 
diet in harsh climate. 

Although the abundance index of wolf appeared in one of the top models, 
the role of predators seems to have had very little impact on the wild boar popu-
lation at the height of its abundance in Estonia (I). Wild boar are the preferred 
prey of wolves in certain locations (Valdmann et al. 1998, Mattioli et al. 2011), 
but they prey mostly on juvenile wild boar (Jędrzejewski et al. 1992, Barja 
2009), whose reproductive output is low compared to adults (see chapter 1.1), 
and in Estonia, roe deer occurs by far more frequently in the wolves’ diet 
(Valdmann et al. 1998), whereas wild boar is the most significant prey item in 
Italy (Cutini et al. 2013). In Poland, where wild boar is also not the dominant 
prey item for wolf, death from factors other than predation prevail in the wild 
boar population (Jędrzejewski et al. 1993, Okarma et al. 1995; Selva 2004). 

Habitat-related factors had very little impact on wild boar abundance (I). 
These results differ from other studies that have highlighted the positive effects 
of agriculture and forest cover (Borowik et al. 2013). However, agricultural 
fields constitute an important habitat for wild boar only during the period, when 
crops are ripe (Neet 1995; Geisser and Reyer 2005, Cellina 2008; Thurfjell et al. 
2009; Keuling et al. 2010). In Estonia, this time-frame could be too short to 
have a significant effect on population abundance, particularly, when supple-
mentary food is available year-round. This can also be explained by the low 
availability of maize, which is preferred to other crops (Herrero et al. 2006; 
Cellina 2008; Amici et al. 2012) and probably has the potential to influence 
wild boar population the most, but was grown on less than 1 % of agricultural 
fields in Estonia during the time of the study (data from Statistics Estonia). In 
Poland, forest cover of up to 40 % increased wild boar abundance, which reached 
a relatively stable plateau at higher levels (Borowik et al. 2013). However, in 
Estonia, nearly half of the area is covered with forests, thus cover hardly seems 
to be the limiting factor.  
 
 

4.2. The role of supplementary feeding  
on ground-nesting birds 

Wild boar is a known predator of ground-nesting birds and their nests (Brieder-
mann 1990; Purger and Mészáros 2006; Giménez-Anaya et al. 2008; Svobo-
dová et al. 2012; Carpio et al. 2014; Экономов 2016; Senserini and Santilli 
2016, II), thus supplementary feeding can affect the birds in two ways. First, 
increased abundance of wild boar resulting from supplementary feeding (I) can 
raise the overall predation risk. Second, concentration of wild boar and other 
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predators (see also Cooper and Ginnett 2000) near feeding sites can create pre-
dation hot-spots (Cooper and Ginnett 2000; Selva et al. 2014, III). In Estonia, 
non-target visitors include small mammals, red fox, raccoon dog, and various 
birds (Oja 2010; Süld et al. 2014). Third, extensive supplementary feeding (I, 
II, chapter 3.2.1) can attract wild boar to forests that they would not frequent as 
much otherwise (Geisser and Reyer 2004; Thurfjell et al. 2009). 

This can cause a problem for the conservation of gallinaceous birds, who 
have long been of conservation concern (Moss et al. 2010) because of a marked 
decrease of abundance through-out the world due to loss of habitat (Storch 
2007) as well as various predators (Sirkiä et al. 2010; Wegge and Rolstad 2011). 
Forest grouse prefer spruce-dominated habitats (Sachot et al. 2003) and a 
significant proportion of the Baltic capercaillie population inhabits coniferous 
forests (Lõhmus et al. 2017). This habitat is used by wild boar for daytime resting 
(Thurfjell et al. 2009, Keuling 2010), but has limited feeding opportunities. In 
the scarcity of the preferred food items, ground-nesting birds and their nests can 
be used as alternative prey (Šalek et al. 2004). The effect of concentrating nest 
predators near feeding sites in Estonia was independent of forest type (III), but 
the effect of supplementary feeding on the overall predator abundance is likely 
to be the most evident in poor and nutritionally unrewarding habitats. Although 
supplementary feeding has been prohibited in capercaillie lekking areas, where 
faecal samples were collected, they still contain grain from supplementary 
feeding sites (II). This suggests that the current buffer zone of 1 km is too small 
to prevent wild boar from taking advantage of supplemental food. This is not 
surprising, because they can travel up to 12 km during nightly feeding searches 
(Boitani et al. 1994). 

In this study, birds were present in both stomachs and faeces, but based on 
morphology, were detected significantly less in the latter (II, chapter 3.2.1). 
However, molecular analysis on wild boar faeces revealed that the proportion of 
bird was approximately 4.5× higher than suggested by morphology alone. 
Stomachs and faeces have previously been considered adequate and comparable 
in wild boar diet analysis (Baubet et al. 2004; Zeman et al. 2016). However, it 
seems that in this study faecal analysis suffered more from the rapid digestion 
of animal food (Fournier-Chambrillon et al. 1995). A majority of stomachs 
contained bird foetuses, which were never observed in faeces and were probably 
fully digested, whereas bone fragments and feathers of birds were detected in 
both faeces and stomachs. These results indicate that previous studies on wild 
boar diet that have relied on faecal analysis instead of stomachs might have 
underestimated the consumption of bird by wild boar. What is more, when only 
a subsample is used in stomach analysis (as in Cellina 2008), the frequency of 
occurrence can be underestimated, because bird consumption may leave only 
small traces in the stomachs (see chapter 3.2.1). 

When mast production is low, wild boar increase their intake of animal foods 
(Groot Bruinderink and Hazebroek 1994), which suggests that supplemental 
food could be used to deter wild boar from areas with increased density of 
ground-nesting birds (Vander Lee et al. 1999) and concentrate them around 
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supplementary feeding sites (III). However, access to foods of anthropogenic 
origin does not always result in a decreased consumption of animal foods. A 
comparison of two wild boar populations from southern Poland showed that the 
consumption of both animal and anthropogenic food sources were higher in the 
population inhabiting a forest-farmland environment (Merta et al. 2014). 
Similarly, wild boar inhabiting an urban area prefered natural food to anthropo-
genic, which they used only, when natural resources were limited (Stillfried et 
al. 2017). In this study, supplementary food was consumed in proportion similar 
to natural plants, although significantly less in protected areas with limited 
access to supplemental food (chapter 3.2.1). These results indicate that the 
Estonian wild boar also prefer natural food and supplementary feeding could 
not be provided as a substitute for ground-nesting birds and their eggs. 

 
 

4.3. Wild boar – predator or scavenger? 
Despite its low volume, animal matter constitutes an important food item for 
wild boar and can occur in very high frequency. For example, in the introduced 
range (USA), animal matter was recorded in 94 % of stomachs collected during 
the spring and summer season (Howe et al. 1981), and a similar frequency has 
been found for earthworm in the native range (Baubet et al. 2003). Based on 
volume, however, animal food seems to be more important in the introduced 
range and can be acquired by predation or scavenging (Ballari and Barrios-
García 2014). In this study, faeces and stomachs both contained samples 
consisting entirely of animal matter (II, chapter 3.2.1), which indicates 
deliberate consumption of animals. When wild boar have consumed vertebrates, 
it can be difficult to determine, whether they were killed by wild boar or some 
other predator and consumed as carrion, but the distinction is necessary for 
conservation planning – if wild boar acted exclusively as a scavenger, who 
takes over prey from smaller and/or solitary predators, then it would influence 
the birds only through the predator species. 

Small mammals, such as rodents and invertebrates are common in wild boar 
diet (Briedermann 1990; Schley and Roper 2003; Cellina 2008; Wilcox and Van 
Vuren 2008; Ballari et al. 2015; II, chapter 3.2.1) and due to their small size it 
is highly unlikely that they are consumed as carrion. Wilcox and van Vuren 
(2009) found that small mammals appeared in large numbers in stomach analysis 
and were actively preyed upon. It is noteworthy, that animals in poorer physical 
condition were more likely to prey on vertebrates (Wilcox and van Vuren 
2009), which corresponds to the increased consumption of animal matter in 
years of poor mast availability in wild boar without access to supplementary 
food (Groot Bruinderink and Hazebroek 1994). When the availability of acorns 
decreases, wild boar can take advantage of acorn hoards buried by small 
mammals (Focardi et al. 2000) and are likely to predate occasionally on mammals 
that remain in the burrows that are excavated during the search for acorns. 
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In addition to small mammals, wild boar are known to scavenge on ungulates 
and occasionally other mammals. In the introduced range, they consume domestic 
animals as carrion and are believed to prey on sheep, but the few cases attributed 
to wild boar had not in fact been predated (Herrero and De Luco 2003). In 
addition to domestic cattle, red deer (Cervus elaphus) and badger (Meles meles) 
have been discovered as carrion (Herrero et al. 2005). In the Białowieża Primeval 
Forest in Poland, the main guild of scavengers includes wild boars, which show 
a strong preference for animals killed by predators, mostly lynx (Selva 2004). 
Roe deer remains found in this study were also probably consumed as carrion 
(II, chapter 3.2.1). Roe deer is the dominant prey item of lynx in the region 
(Valdmann et al. 2005) and wild boar, which are highly social and live in tight 
groups (Boitani et al. 1994; Keuling 2009), typically also scavenge in groups, 
and can appropriate the kills from lynx and consume these completely (Jędrze-
jewski et al. 1993). Cannibalism is also not uncommon in wild boar, however, 
although wild boar remains have been found in diet analysis (Ježek et al. 2016), 
they have been shown to prefer red deer and European bison (Bison bonasus) 
for scavenging, and avoid the carcasses of conspecifics (Selva 2004). However, 
infanticide can occur in wild boar kept in enclosures and it seems to be part of 
the normal behavioural pattern (Andersson et al. 2011). Thus, predation cannot 
be excluded. 

When birds are involved, it can be even more difficult to decide, whether 
they were consumed as carrion or predated. When dead birds become seasonally 
available, wild boar have been reported to scavenge on bird carrion (Cellina 
2008; Ballari et al. 2015). Other studies, however, describe wild boar as pre-
dators of birds and their nests (Briedermann 1990; Saniga 2002; Экономов 
2016; Giménez-Anaya et al. 2008). In this study, wild boar probably acted as a 
predator in most cases of bird consumption. Firstly, the period of sample 
collection (spring and early summer) coincides with the period when eggs and 
chicks of ground-nesting birds become available. Secondly, the high proportion 
of bird foetuses and chicks among stomach samples suggests either nest or 
chick predation (chapter 3.2.1). Similarly, the lack of evidence of bird con-
sumption in the morphological analysis compared to molecular (II) suggests 
that the remains were digested quickly (Fournier-Chambrillon et al. 1995), 
feathers and bones of adult birds should have been detected in the faeces. Thirdly, 
the species composition of consumed birds includes mainly ground-nesting 
birds, with the exception of one case, when an adult bird (based on morphologic 
evidence) of the genus Corvus (identified with the molecular method) was 
consumed (II). However, predation cannot be excluded even in this case, 
because wild boar have been observed to attack ravens at carcasses (Selva 2004). 
And finally, it is highly unlikely that wild boar fed on the carcasses of ground-
nesting birds, because they need more time than foxes or corvids (ravens and 
jays), also present and abundant in the study area, to locate the carrion (Selva 
2004). However, because bird carcasses are small, the first scavengers to arrive 
will probably consume the dead birds completely. 
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4.4. The role of supplementary feeding sites  
in disease transmission 

High overall host abundance (I) and concentration of wild boar around supple-
mentary feeding sites (III) increase the contact rate of hosts and can therefore 
also increase the risk of parasitic helminth infections (Arneberg 2001; Arneberg 
2002; Roberts et al. 2003, IV). What is more, the concentrating effect did not 
disappear immediately after a feeding site was abandoned by the hunters, but 
remained up to two years after abandonment (III). Such concentration centres 
together with increased host population density have previously been associated 
with increased risk of disease transmission (Pyziel et al. 2011; Navarro-Gonzalez 
et al. 2013; Sorensen et al. 2014). However, increased contact at feeding sites 
can also influence parasite infections directly, even if supplementary feeding 
has no effect on the population density of hosts (Gompper and Wright 2005). In 
this study, the effect of supplementary feeding was not universal for all 
parasites, but depended on the life-cycle of the parasite (IV). 

The probability of infection and mean infection abundance of Eimeria sp. 
was primarily determined by the overall wild boar density (IV). Similarly, 
Popiołek et al. (2010) found that A. suum, which also has a direct life-cycle, had 
a higher prevalence in wild boar living in higher density. In Spain, however, 
directly transmitted strongyle infection depended positively on the density of 
supplementary feeding sites, and was unaffected by host abundance (Navarro-
Gonzalez et al. 2013). Firstly, these contrasting results suggest geographic 
differences in the pattern of wild boar visits to feeding sites. However, although 
the majority of feeding in Estonia takes place in winter (summer in Spain), diet 
analysis shows that the wild boar in this study had visited supplementary 
feeding sites recently (II, chapter 3.2.1) and had, therefore, been in contact with 
a high-risk environment. Secondly, it is possible that the accumulation of 
Eimeria sp. oocysts and helminth eggs in Estonia is hindered by their limited 
survival in natural conditions (Larsen and Roepstorff 1999), especially since 
wild boar grubbing constitutes a disruptive event that can expose eggs from 
deeper levels of soil to the environment. Indeed, compared to previous studies 
(Fernandez-de-Mera et al. 2004; Gasso et al. 2015), egg counts were relatively 
low in this study (IV). 

The probability of lungworm Metastrongylus sp. infection was determined 
by both the density of feeding sites and the density of wild boar (IV). However, 
these results must be treated with some care, because the host-density indicator 
used in this study (number of wild boar hunted, see also Acevedo et al. 2009; 
Mentaberre et al. 2014) is very strongly related to supplementary feeding. This 
variable probably reflects the amount of supplemental food – a factor that is 
both unavailable for researchers and often unknown even by the local hunters. 
Hunters’ estimation of abundance was used as an alternative indicator of 
abundance, but its efficiency was relatively poor. Winter tracking index, although 
used in previous studies and a good indicator of abundance on a large scale (see 
Bobek et al. 2014; I, Bragina et al. 2015; Deryabina et al. 2015), is inferior to 
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hunting bag size on the hunting district level. Because density of wild boar has 
had little to no effect on lungworm infection in previous studies (Acevedo et al. 
2007; Popiołek et al. 2010), and the model using hunters’ estimation of 
abundance had little weight, then it cannot be concluded that host density has 
more influence on lungworm infection in the Estonian wild boar population 
than in other studies. 

Lungworm infection is acquired by consuming earthworms that have been 
infected with Metastrongulus sp. larvae. In Estonia, supplementary feeding sites 
are typically located in forest edges and open areas for easier access, coinciding 
with a higher density and biomass of earthworm than in the forest interior 
(Zeithaml et al. 2009). Earthworms inhabiting wild boar feeding sites have a 
higher infection rate with Metastrongylus sp. (Humbert and Henry 1989; Nagy 
et al. 2015). Thus, earthworms act as a reservoir of infection – when visiting wild 
boar defecate, lungworm eggs are excreted into the soil, consumed by earth-
worms, which become infected, and are later consumed by wild boar grubbing 
around the feeding ground. Interestingly, in Spain, where earthworm consumption 
is minimal due to concrete bases built at the feeders, supplementary feeder 
density had no role in lungworm infection (Navarro-Gonzalez et al. 2013). 

 
 

4.5 Conclusions 
Supplementary feeding has a strong effect on increasing wild boar abundance 
and can exceed the effect of climate, namely harsh winters that otherwise play an 
important role in wild boar mortality. This can lead to inhabiting poor environ-
ments and possibly the expansion of the natural range. In addition to the overall 
high abundance, supplementary feeding influences the space use of wild boar 
and other predators, so that locally high predation rates occur near supple-
mentary feeding sites. This can affect ground-nesting birds in two ways. Firstly, 
high abundance of wild boar and other predators taking advantage of supple-
mentary feeding will increase the overall predation risk. And secondly, because 
supplementary feeding sites can become predation hot-spots, birds will suffer 
from the decrease in the quality of potential habitat for nesting. 

Although dissuasive feeding has been suggested as a means to decrease 
predation risk of ground-nesting birds, the results of this study do not support 
the practice of that method. Wild boar consumed birds and other animal matter 
despite having access to supplementary food. Based on literature, wild boar 
prefer natural food to supplemental grain and long-term feeding will evidently 
result in increased abundance. Incidentally, although birds can be consumed by 
scavenging in addition to predation, wild boar mostly acted as a predator of 
ground-nesting birds in this study. What is more, the molecular method for diet 
analysis showed that birds were consumed significantly more often than 
suggested by the classic morphological analysis of the faeces. This indicates that 
other studies, which have relied on morphology, might have strongly 
underestimated the role of wild boar on bird predation. Based on the results of 
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this study, wild boar must be reckoned with in planning conservation of ground-
nesting birds. 

The overall high abundance and concentration of wild boar near feeding 
sites also plays an important role in parasite infections. However, the effect of 
supplementary feeding depends on various life cycles of the parasites. 
Lungworm infection, which requires an intermediate host, is directly related to 
visits to permanent feeding sites, which can easily become hot-spots for 
acquiring an infection. This is due to a suitable habitat for the intermediate hosts – 
earthworms – at the feeding sites. However, for parasites with a direct life-
cycle, which depend on survival in the environment, the effect of supplementary 
feeding was intermediated by the increased host abundance. Such indirect 
effects could be ameliorated by increased hunting. 
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SUMMARY 

With a wide range that covers most of Eurasia and reaches North-Africa, and 
many introduced populations over the world, Eurasian wild boar is the most 
widespread species of the pig family. Its dependence on fluctuating energy-rich 
food resources (mast) has led to a reproductive strategy that promotes fast 
population increase in nutritionally rewarding and stable environments. Female 
wild boar can start breeding early, often in their first year, and adult wild boar 
increase their litter size in response to an abundance of food. Females have to 
reach a threshold body mass before breeding for the first time, but once puberty 
has been reached, wild boar attempt to breed every year, whatever the environ-
mental conditions. 

In the second half of the 20th century, wild boar populations increased signi-
ficantly – a change that has been largely associated with the continuing spread 
of agriculture, as well as the widespread practice of supplementary feeding, 
which often occurs year-round and in unlimited amounts. Currently, wild boar 
abundance in the native range is mostly determined by the amount of food and 
temperature, which can increase mortality in harsh winters and affect produc-
tivity of the environment. Predators, mostly wolf, can affect the abundance 
locally, but their overall influence is low, and hunting is the most important 
cause of mortality in addition to death from malnutrition and/or disease. 

Increased abundance of wild boar can result in an intensification of human-
wildlife conflicts, because wild boar can cause considerable damage to farmland 
and is generally considered an agricultural pest. Wild boar is a reservoir of 
various pathogens shared between wildlife and domestic animals and can play 
an important role in disease outbreaks, thus causing economic loss. However, 
due to its omnivorous behaviour, high population density of wild boar can also 
have disastrous effects on other animals, particularly ground-nesting birds, whose 
populations have suffered from loss of habitat as well as predation. So far, the 
effect of wild boar has been considered to have been minor compared to meso-
predators, and the species is at best considered as an occasional nest predator. 
However, the proportion of animal food in wild boar diet can be underestimated 
due to its fast digestion rate compared to vegetal matter and consumption of 
bird nests can easily remain undetected. 

The purpose of this thesis was to examine the effects of supplementary 
feeding of wild boar in an environment, where natural mast foods (acorns, 
hazelnuts) are scarce and harsh winters with low temperature and deep snow 
can have detrimental effects on wild boar. The effects of feeding on the overall 
wild boar abundance and small-scale changes in relative density were studied, 
with emphasis on potential consequences for ground-nesting birds. Additionally, 
because increased overall abundance of wild boar and increased contact rates at 
feeding sites can promote the spread of various diseases, wild boar infection 
with endoparasites was investigated with regards to the effects of supple-
mentary feeding. 
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To achieve these aims, wild boar abundance was modelled, using various 
management and climate related factors as explanatory variables (I). Food items 
in faecal samples and stomachs were categorized based on morphology to 
investigate the importance of supplemental food and proportion of bird in wild 
boar diet (II, chapter 2.2.1). To estimate the potential error of the proportion of 
bird consumed by wild boar in morphologic analysis of faeces, resulting from 
fast digestion rate of animal matter, a newly developed molecular method was 
applied (II). Because supplementary feeding sites can concentrate predators of 
ground-nesting birds, relative predation risk was measured in the vicinity of 
active and abandoned feeding sites, where supplemental food was no longer 
provided, by using predation rates from artificial nest experiments as a proxy of 
relative predator abundance (III). Finally, wild boar infection with endo-
parasites was investigated with emphasis on the separate effects of increased 
overall host abundance resulting from supplementary feeding and high-risk 
environment in the vicinity of supplementary feeding sites acting as infection 
hot-spots (IV). 

According to paper I, abundance was determined by two factors – winter 
temperature and supplementary feeding, whereas the effect of predators, habitat, 
and other management-related factors was minor. Supplementary feeding could 
even overcome the effect of harsh winters, probably acting through the highly 
nutritional and easily accessible supplemental food, which allows wild boar to 
limit their movements in deep snow. According to paper II and chapter 3.2.1, 
supplemental food constituted a major food category even in the warm season 
and its proportion was similar to natural plants. The negligible effect of predators 
in the models in paper I is probably a result of their low abundance and strong 
impact of hunting on wild boar mortality. Forest cover, which has been a key 
factor in other studies in determining wild boar abundance, did not have a 
limiting effect in this study, because nearly half of Estonia is covered with 
forests. Similarly low importance of agriculture is probably related to the limited 
time, when crops are available in summer. 

In this study, ground nesting birds were predominantly consumed among 
vertebrates (II, chapter 3.2.1) and various grouse, mainly capercaillie, constituted 
the majority of birds identified from faeces. What is more, wild boar acted as a 
predator in the majority of such cases and presumed carrion consumption was a 
rare event. The morphological method of diet analysis failed to detect nest 
predation in most cases and is therefore unsuitable for detecting birds from the 
faeces of the omnivorous wild boar. The molecular method used in this study 
proved to be much more efficient in detecting birds from faeces and resulted in 
an estimated frequency of occurrence that was 4.5× higher than indicated by the 
morphological method (II). Thus, wild boar is an important predator of ground-
nesting birds and their nests and must be reckoned with, when planning con-
servation management of ground-nesting birds. 

Intensive supplementary feeding can influence ground-nesting birds in 
several ways. Wild boar can increase their use of nutritionally poor habitats that 
they would generally avoid or use to a lesser degree, resulting in higher relative 
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abundance in areas that are predominantly used by ground-nesting birds. 
Extensive supplementary feeding can contribute to the population increase and 
high overall abundance of wild boar (I) and other non-target species that can 
increase predation risk for ground-nesting birds at large. The concentration of 
wild boar and other predators near feeding sites (III) can result in locally 
increased predation risk in otherwise suitable habitat for ground-nesting birds 
and thus contribute to loss of habitat, which is already considered to be one of 
the most important causes of the declining grouse populations. 

Similar effects that contribute to increased nest predation can also promote 
endoparasite infections in wild boar. Supplementary feeding sites acted as hot-
spots of lungworm Metastrongylus sp. infection (IV) through the concentrating 
effect on wild boar (III). These parasites use earthworms as intermediate hosts 
and supplementary feeding sites constitute a suitable habitat for earthworms, 
which are one of the most frequently consumed animal foods by wild boar. 
Thus, when wild boar infected with lungworm excrete parasite eggs at feeding 
sites and these are later consumed by earthworm, then infection can be 
transferred to other visiting wild boar, which grub for earthworm in the vicinity 
of these sites. Interestingly, although the effect of concentrating wild boar near 
supplementary feeding sites persists up to two years after feeding has been 
discontinued by the hunters (III), their role in the transmission of parasites with 
a direct life-cycle was indirect and acted through increased host abundance (IV). 
High overall abundance of wild boar (I) played the key role in determining both 
the probability and mean infection abundance with the protist Eimeria sp (IV). 
This can be caused by the limited survival of infectious life stages of parasites 
in the soil of supplementary feeding sites, which is frequently overturned by the 
visiting animals grubbing for food, thus exposing these to various environ-
mental conditions. 

In conclusion, supplementary feeding had a key role in determining wild 
boar abundance in Estonia. But this practice can have serious consequences for 
other species due to increasing the overall abundance and concentration of wild 
boar and other animals near feeding sites. Wild boar is a predator of ground-
nesting birds and grouse were targeted the most in this study. In addition to its 
contribution to increased predation of ground-nesting birds, supplementary 
feeding was shown to influence endoparasite infection in wild boar both directly 
and indirectly through increased abundance, and these effects should be 
reckoned with in wild boar management. 
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SUMMARY IN ESTONIAN 

Metssigade lisasöötmise tagajärjed – oht maaspesitsevatele  
lindudele ja roll siseparasiitidega nakatumisel 

Metssiga on kõige levinum liik sigalaste sugukonnast, kelle looduslikule areaalile, 
mis katab suurema osa Euraasiast ja ulatub isegi Põhja-Aafrikasse, lisandub 
hulgaliselt introdutseeritud populatsioone üle maailma. Sõltumine muutliku 
kättesaadavuse ja kõrge energiasisaldusega toiduallikast (tammetõrud, pähklid 
jm.) on kujundanud metssigadel paljunemisstrateegia, mis soosib rohke toidu-
baasiga stabiilses keskkonnas väga kiiret arvukuse tõusu. Noored emised võivad 
alustada sigimist vara, sageli juba esimesel eluaastal, ning täiskasvanud mets-
sigadel on toidurohketel aastatel pesakonnad suuremad. Enne esmakordselt 
viljastumist peavad emised saavutama kindla kehamassi, kuid pärast murdeiga 
üritavad nad keskkonnatingimustest sõltumata osaleda sigimises igal aastal. 

Metssigade arvukus tõusis XX sajandi teisel poolel oluliselt – muutus, mida 
on seostatud nii põllumajanduse üha jätkuva intensiivistumise kui ka laialt 
levinud lisasöötmisega, mis toimub tihtipeale aastaringselt ja piiramatutes 
kogustes. Tänapäeval piiravad metssigade arvukust nende looduslikus levilas 
peamiselt toidu saadavus ja madal temperatuur, mis võib suurendada suremust 
karmidel talvedel ja mõjutada ka keskkonna tootlikkust. Kiskjad, kellest olu-
lisim on hunt, võivad küll paiguti metssigade arvukust reguleerida, kuid üldiselt 
on nende mõju nõrk ning nälgimise ja/või haiguste kõrval on küttimine kõige 
sagedasem surma põhjus. 

Kuna põllukultuure kahjustavatesse metssigadesse suhtutakse kui põllu-
majandus-kahjuritesse, võivad nende arvukuse suurenemisega sageneda konf-
liktid inimese ja looduse vahel. Metssiga on ühtlasi reservuaar paljudele mets- 
ja koduloomadel levinud haigustele ja võib seetõttu mängida tähtsat rolli uutes 
haiguspuhangutes ning põhjustada seega majanduslikku kahju. Kuna metssiga 
on kõigesööja, võivad tema kõrge asustustihedusega kaasneda probleemid ka 
teistele loomadele, eriti maaspesitsevatele lindudele, kelle arvukus on oluliselt 
vähenenud nii elupaiga kadumise kui kiskjate rohkuse tõttu. Seni on arvatud, et 
metssigade mõju on keskmise kehasuurusega kiskjatega võrreldes väheoluline 
ja äärmisel juhul peetakse teda vaid juhuslikuks pesarüüstajaks. Kuid loomsete 
objektide osakaalu metssea toidus võidakse kergesti alahinnata, sest nende 
seedimisprotsess on kiirem kui taimsetel ning linnupesade rüüste võib ka 
toitumisanalüüsis kergesti märkamata jääda. 

Selle doktoritöö eesmärk oli uurida metssigade lisasöötmise mõjusid kesk-
konnas, kus looduslikku kõrge energiasisaldusega toitu (tammetõrud, pähklid) 
napib ning külmadel ja lumerikastel talvedel võib suremus metssigade populat-
sioonis olla suur. Uuriti lisasöötmise mõju metssigade üldisele arvukusele ja 
ühtlasi ka metssigade suhtelise esinemissageduse muutusi söötmiskohtade 
vahetus läheduses, pöörates rõhku sellele, millist mõju võivad need avaldada 
maaspesitsevatele lindudele. Lisaks uuriti, kuidas mõjutab metssigade lisa-
söötmine nende nakatumist siseparasiitidega, sest metssigade üleüldiselt kõrge 
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arvukus ja sagedasem kokkupuude liigikaaslastega söötmiskohtades võivad 
soodustada mitmesuguste haiguste levikut. 

Nende eesmärkide saavutamiseks kasutati metssigade arvukuse model-
leerimisel erinevaid ulukite majandamist ja ilmastikku kirjeldavad tegureid ja 
hinnati nende mõju (I). Lisasööda ja lindude osakaalu leidmiseks metssea 
toidus, määrati metssigade roojaproovides ja magudes leiduvad toiduobjektid 
morfoloogia alusel eri kategooriatesse (II, peatükk 2.2.1). Loomsete toiduobjek-
tide kiirest seedimisest põhjustatud vea hindamiseks metssea toidus leiduvate 
lindude osakaalu määramisel kasutati lindude tuvastamiseks roojast uut moleku-
laarset meetodit ja võrreldi sel viisil saadud hinnangut lindude esinemissage-
dusele morfoloogilise analüüsi tulemustega (II). Kuna maaspesitsevate lindude 
kiskjad võivad koonduda söötmiskohtade ümbrusesse, mõõdeti suhtelist 
kisklusohtu nii kasutuselolevate kui endiste söötmiskohtade läheduses, kus lisa-
söötmist enam ei toimunud, kasutades kiskjate suhtelise arvukuse kirjelda-
miseks tehispesakatsete tulemusel leitud rüüstemäärasid (III). Lõpuks uuriti ka 
metssigade nakatumist siseparasiitidega, pöörates tähelepanu lisasöötmise taga-
järjel suurenenud lõpp-peremeeste (metssiga) arvukuse suurenemisest tuleneva 
mõju eristamisele söötmiskohtade kui nakatumiskeskuste toimest (IV). 

Artikli I andmetel määras metssigade arvukust kaks peamist tegurit – talvine 
temperatuur ja lisasöötmine, kusjuures kiskjate, elupaiga ja teiste jahimajan-
duslike faktorite olulisus oli väike. Lisasöötmise tähtsus võis isegi ületada 
karmide talvede mõju – tõenäoliselt võimaldas metssigadel paksus lumes liiku-
mist piirata suure energiasisaldusega ja kergesti kättesaadava toidu olemasolu. 
Artikli II ja peatüki 3.2.1 põhjal moodustas lisasööt väga olulise toidukate-
gooria isegi soojal aastaajal ja selle esinemissagedus oli võrreldav looduslike 
taimedega. Kiskjate pea olematut mõju artiklis I kirjeldatud mudelites võib 
seletada nende madala arvukuse ja küttimise suure osakaaluga metssigade 
suremuses. Metsasus, mis on olnud varasemates töödes metssigade arvukuse 
kujunemisel määrava tähtsusega, ei piiranud selles töös nende arvukust, sest 
metsamaa hõlmab pea poole Eesti pindalast. Põllumajanduse sarnaselt vähene 
mõju on tõenäoliselt seotud suhteliselt lühikese perioodiga suvel, mil küps vili 
põldudel kättesaadav on. 

Käesolevas töös olid linnud kõige sagedasem kategooria selgroosete 
toiduobjektide seas (II, peatükk 3.2.1), kusjuures kanalised, peamiselt metsis, 
moodustasid väljaheidetest määratud lindudest enamiku. Lisaks oli valdav osa 
linde söödud murdmise tulemusel ja raipesöömist esines harva. Klassikaline 
morfoloogiline toitumisanalüüs ei tuvastanud enamikul juhtudel pesarüüstet ja 
ei sobi seega omnivoorse metssea väljaheidetest lindude määramiseks. Doktori-
töös kasutatud molekulaarne meetod oli lindude tuvastamisel väljaheidetest 
märksa efektiivsem ja hindas nende esinemissagedust 4,5× kõrgemaks kui 
morfoloogilise meetodi tulemused (II). Seega on metssiga maaspesitsevate 
lindude murdja ja pesarüüstaja ning lindude kaitsetegevuse kavandamisel tuleb 
sellega arvestada. 

Intensiivne lisasöötmine võib mõjutada maaspesitsevaid linde mitmeti. 
Metssead võivad hakata kasutama toiduvaeseid elupaiku, mida nad ilma lisa-
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söödata väldiksid või kasutaksid harvem, mistõttu võib tõusta nende suhteline 
esinemissagedus aladel, mida eelistavad maaspesitsevad linnud. Laialdane 
lisasöötmine võib soodustada metssigade (I) ja ka teiste söötmiskohti kasutavate 
maaspesitsevaid linde ohustavate liikide üleüldist arvukuse tõusu. Kui metssiga 
ja teised kiskjad koonduvad söötmiskohtade ümbrusesse (III), võib maas-
pesitsevatele lindudele muidu sobivas keskkonnas suureneda oht kiskja saagiks 
langeda ja seega väheneb sobivate elupaikade pindala – muutus, mida seos-
tatakse juba praegu kanaliste arvukuse vähenemisega. 

Sarnased tegurid, mis suurendavad pesarüüste ohtu, võivad soosida ka 
nakkuste levikut metssigade populatsioonis. Loomi koondava mõju tõttu (III) 
olid söötmiskohad muutunud kopsuussidega Metastrongylus sp. nakatumise 
keskusteks (IV). Nende parasiitide vaheperemehed on vihmaussid, kes kasu-
tavad söötmiskohtade pinnast elupaigana ja moodustavad metssea poolt tarbita-
vatest loomsetest toiduobjektidest kõige olulisema kategooria. Seega, kui para-
siitide munad satuvad kopsuussidega nakatunud metssigade väljaheidetega 
söötmiskohtade pinnasesse, kus need hiljem vihmausse nakatavad, võib nakkus 
kanduda edasi teistele metssigadele, kes söötmiskoha ümbruses tuhnides ka 
vihmaussidest toituvad. Kuid kuigi metssigade söötmiskohtade koondav mõju 
võib püsida veel kuni kaks aastat pärast söötmise lõpetamist (III), on nende roll 
pinnase kaudu levivate parasiitidega nakatumisel kaudne ja toimib läbi mets-
sigade arvukuse suurenemise (IV). Metssigade kõrge arvukus (I) määras alg-
loomaga Eimeria sp. nakatumise tõenäosuse ja nakkusintensiivsuse (IV). Seda 
võib seletada parasiitide nakkusohtlike elujärkude hävinemisega söötmis-
kohtade pinnases, mida toitu otsivad loomad pidevalt ümber pööravad, muutes 
need seega erinevatele keskkonnateguritele vastuvõtlikumaks. 

Kokkuvõttes kandis lisasöötmine metssigade arvukuse kujundamisel Eestis 
põhirolli. Selle jahimajandusliku meetodi rakendamine võib põhjustada tõsiseid 
tagajärgi teistele liikidele nii metssigade üleüldise arvukuse suurenemise kui 
metssigade ja teiste loomade koondumise tõttu söötmiskohtade ümbrusesse. 
Metssiga on maaspesitsevate lindude murdja ja doktoritöö raames kogutud 
andmete põhjal langesid saagiks peamiselt kanalised. Lisaks maaspesitsevate 
lindude kisklusohu suurendamisele, mõjutab lisasöötmine ka metssigade naka-
tumist siseparasiitidega nii otseselt kui kaudselt läbi suurenenud arvukuse ning 
neid mõjusid tuleb metssea majandamisel arvesse võtta. 
 
  



40 

REFERENCES 

Abaigar, T., Del Barrio, G., Vericad, J.R. (1994) Habitat preference of wild boar (Sus 
scrofa L., 1758) in a Mediterranean environment. Indirect evaluation by signs. 
Mammalia 58:201–210. 

Acevedo, P., Escudero, M.A., Muńoz, R., Gortázar, C. (2006) Factors affecting wild 
boar abundance across an environmental gradient in Spain. Acta Theriol 51:327–
336. 

Acevedo, P., Vicente, J., Alzaga, V., Gortázar, C. (2009) Wild boar abundance and 
hunting effectiveness in Atlantic Spain: environmental constraints. Galemys 21:13–
29. 

Acevedo, P., Vicente, J., Höfle, U., Cassinello, J., Ruiz-Fons, F., Gortázar, C. (2007) 
Estimation of European wild boar relative abundance and aggrecation: a novel 
method in epidemiological risk assessment. Epidemiol Infect 135:519–527. 

Amici, A., Serrani, F., Rossi, C.M., Primi, R. (2012) Increase in crop damage caused by 
wild boar (Sus scrofa L.): the “refuge effect.” Agron Sustain Dev 32.683–692. 

Andersson, A., Valros, A., Rombin, J., Jensen, P. (2011) Extensive infanticide in 
enclosed European wild boars (Sus scrofa). Appl Anim Behav Sci 134:184–192. 

Andrzejewski, R., Jezierski, W. (1978) Management of wild boar population and its 
effects on commercial land. Acta Theriol 23:309–339. 

Arneberg, P. (2001) An ecological law and its macroecological consequences as 
revealed by studies of relationships between host densities and parasite prevalence. 
Ecography 24:352–358. 

Arneberg, P. (2002) Host population density and body mass as determinants of species 
richness in parasite communities: comparative analyses of directly transmitted 
nematodes of mammals. Ecography 25:88–94. 

Ballari, S.A., Barrios-García, M.N. (2014) A review of wild boar Sus scrofa diet and 
factors affecting food selection in native and introduced ranges. Mamm Rev 
44:123–134. 

Ballari, S.A., Cuevas, M.F., Ojeda, R.A., Navarro, J.L. (2015) Diet of wild boar (Sus 
scrofa) in a protected area of Argentina: the importance of baiting. Mamm Res 
60:81–87. 

Barja, I. (2009) Prey and prey-age preference by the Iberian wolf Canis lupus signatus 
in a multiple-prey ecosystem. Wildl Biol 15:147–154. 

Bates, D., Maechler, M., Bolker, B. (2013) lme4: Linear mixed-effects models using S4 
classes. R package version 0.999999–2. 

Bates, D., Maechler, M., Bolker, B., Walker, S. (2015) Fitting linear mixed-effects 
models using lme4. Journal of Statistical Software 67:1–48. 

Baubet, E., Bonenfant, C., Brandt, S. (2004) Diet of the wild boar in the French Alps. 
Galemys 16:99–111. 

Baubet, E., Ropert-Coudert, Y., Brandt, S. (2003) Seasonal and annual variations in 
earthworm consumption by wild boar (Sus scrofa scrofa L.). Wildl Res 30:179–186. 

Bieber, C., Ruf, T. (2005) Population dynamics of wild boar Sus scrofa: ecology, 
elasticity of growth rate and implications for the management of pulsed resource 
consumers. J Appl Ecol 42:1203–1213. 

Bobek, B., Merta, D., Furtek, J. (2014) Use of a line intercept snow track index and plot 
sampling for estimating densities of wild boar (Sus scrofa) in Southwestern Poland. 
Wildl Biol Pract 10:7–16. 



41 

Boitani, L., Mattei, L., Nonis, D., Corsi, D. (1994) Spatial and activity patterns of wild 
boars in Tuscany, Italy. J Mamm 75:600–612. 

Boitani, L., Trapanese, P., Mattei, L. (1995) Demographic patterns of a wild boar (Sus 
scrofa L.) population in Tuscany, Italy. J Mt Ecol 3:197–201. 

Borowik, T., Cornulier, T., Jędrzejewska, B. (2013) Environmental factors shaping 
ungulate abundances in Poland. Acta Theriol 58:403–413. 

Bragina E.V., Ives, A.R., Pidgeon, A.M., Kuemmerle,, T., Baskin, L.M., Gubar, Y.P., 
Piquer-Rodríguez, M., Keuler, N.S., Petrosyan, V.G., Radeloff, V.C. (2015) Rapid 
declines of large mammal populations after the collapse of the Soviet Union. 
Conserv Biol 29:844–583. 

Briedermann, L. (1990) Schwarzwild. 2nd edn. Berlin: Deutscher Landwirtschafts-
verlag. 

Burnham, K. P., Anderson, D. R. (2004) Multimodel inference understanding AIC and 
BIC in model selection. Sociol Methods Res 33:261–304. 

Calenge, C., Maillard, D., Fournier, P., Fouque, C. (2004) Efficiency of spreading 
maize in the garrigues to reduce wild boar (Sus scrofa) damage to Mediterranean 
vineyards. Eur J Wildl Res 52:112–120. 

Canu, A., Scandura, M., Merli, E., Chirichella, R., Bottero, E., Chianucci, F., Cutini, A., 
Apollonio, M. (2015) Reproductive phenology and conception synchrony in a 
natural wild boar population. Hystrix 26:77–84. 

Carpio, A., Guerrero-Casado, J., Tortosa, F., Vicente, J. (2014) Predation of simulated 
red-legged partridge nests in big game estates from South Central Spain. Eur J 
Wildl Res 60:391–394. 

Cellina, S. (2008) Effects of supplemental feeding on the body condition and 
reproductive state of wild boar Sus scrofa in Luxembourg. PhD thesis, University 
of Sussex, UK. 

Chauhan, N., Kuldeep, S.B., Kumar, D. (2009) Human wild pig conflict in selected 
states in India and mitigation strategies. Acta Silv Lign Hung 5:189–197. 

Cooper, S.M., Ginnett, T.F. (2000) Potential effects of supplemental feeding of deer on 
nest predation. Wildl Soc Bull 28:660–666. 

Cutini, A., Chianucci, F., Chirichella, R., Donaggio, E., Mattioli, L., Apollonio, M. 
(2013) Mast seeding in deciduous forests of the northern Apennines (Italy) and its 
influence on wild boar population dynamics. Ann For Sci 70:493–502. 

Danilkin, A. (2001) The wild boar: an unprecedented spread or restoration of the 
species range? Dokl Biol Sci 380:457–460. 

Deryabina, T.G., Kuchmel, S.V., Nagorskaya, L.L., Hinton,T.G., Beasley, J.C., 
Lerebours, A., Smith, J.T. (2015) Long-term census data reveal abundant wildlife 
populations at Chernobyl. Curr Biol 25:R824–R826. 

Экономов, А.В. (2016) Экология кабана Eвропейского северо-востока России. 
Киров. 

Fernandez-de-Mera, I.G., Vicente, J., Gortazar, C., Höfle, U., Fierro, Y. (2004) Efficacy 
of an in-feed preparation of ivermectin against helminths in the European wild 
boar. Parasitol Res 92:133–136. 

Focardi, S., Capizzi, D., Monetti, D. (2000) Competition for acorns among wild boar 
(Sus scrofa) and small mammals in a Mediterranean woodland. J Zool 250:329–
334. 

Fonseca, C. (2008) Winter habitat selection by wild boar Sus scrofa in southeastern 
Poland. Eur J Wildl Res 54:361–366. 



42 

Fournier-Chambrillon, Ch., Maillard, D., Fournier, P. (1995) Diet of the wild boar (Sus 
scrofa L.) inhabiting the Montpellier garrigue. J Mount Ecol 3:174–179. 

Frauendorf, M., Gethöffer, F., Siebert, U., Keuling, O. (2016) The influence of 
environmental and physiological factors on the litter size of wild boar (Sus scrofa) 
in an agriculture dominated area in Germany. Sci Total Environ 541:877–882. 

Fruzinski, B. (1995) Situation of wild boar populations in western Poland. J Mt Ecol 
3:186–187. 

Fruziński, B., Łabudzki, L. (2002) Management of wild boar in Poland. Z Jagdwiss 
48:201–207. 

Gamelon, M., Douhard, M., Baubet, E., Gimenez, O., Brandt, S., Gaillard, J.-M. (2013) 
Fluctuating food resources influence developmental plasticity in wild boar. Biol 
Lett 9:20130419. 

Gamelon, M., Focardi, S., Baubet, E., Brandt, S., Franzetti, B., Ronchi, F., Venner, S., 
Sæther, B.-E., Gaillard, J.-M. (2017) Reproductive allocation in pulsed – resource 
environments: a comparative study in two populations of wild boar. Oecologia 
183:1065–1076. 

Gassó, D., Feliu, C., Ferrer, D., Mentaberre, G., Casas-Díaz, E., Velarde, R., Fernández-
Aguilar, X., Colom-Cadena, A., Navarro-Gonzalez, N., López-Olvera, J.R., Lavín, S., 
Fenández-Llario, P., Segalés, J., Serrano, E. (2015) Uses and limitations of faecal 
egg count for assessing worm burden in wild boars. Vet Parasitol 209:133–137. 

Gavier-Widén, D., Gortázar, C., Ståhl, K., Neimanis, A., Rossi, S., Hård Av Segerstad, C., 
Kuiken, T. (2015) African swine fever in wild boar in Europe: a notable challenge. 
Vet Rec 176:199–200. 

Gayet, T., Devillard, S., Gamelon, M., Brandt, S., Say, L., Baubet, E. (2016) On the 
evolutionary consequences of increasing litter size with multiple paternity in wild 
boar (Sus scrofa scrofa). Evo 70:1386–1397. 

Geisser, H., Reyer, H.-U. (2004) Efficacy of hunting, feeding, and fencing to reduce 
crop damage by wild boars. J Wildl Manage 68:939–946. 

Geisser, H., Reyer, H.U. (2005) The influence of food and temperature on population 
density of wild boar Sus scrofa in the Thurgau (Switzerland). J Zool 267:89–96. 

Gethöffer, F., Sodeikat, G., Pohlmeyer, K. (2007) Reproductive parameters of wild boar 
(Sus scrofa) in three different parts of Germany. Eur J Wildl Res 53:287–297. 

Giménez-Anaya, A., Herrero, J., Rosell, C., Couto, S., García-Serrano, A. (2008) Food 
habits of wild boars (Sus scrofa) in a mediterranean coastal wetland. Wetlands 
28:197–203. 

Gompper, M.E., Wright, A.N. (2005) Altered prevalence of raccoon roundworm (Bayli-
sascaris procyonis) owing to manipulated contact rates of hosts. J Zool 266:215–
219. 

Greenwood, R.J., Pietruszewski, D.G., Crawford, R.D. (1998) Effects of food supple-
mentation on depredation of duck nests in upland habitat. Wildl Soc Bull 26:219–
226. 

Groot Bruinderink, G.W.T.A., Hazebroek, E. (1994) Diet and condition of wild boar, 
Sus scrofa scrofa, without supplementary feeding. J Zool, Lond 233:631–648. 

Guinat, C., Jurado-Diaz, C., Sánchez-Vizcaíno, J.M., Dixon, L., Pfeiffer, D.U. (2017) 
Effectiveness and practicality of control strategies for African swine fever: what do 
we really know? Vet Rec 180:97. 

Herrero, J., De Luco, D.F. (2003) Wild boars (Sus scrofa L.) in Uruguay: scavengers or 
predators? Mammalia 67:485:491. 



43 

Herrero, J., García-Serrano, A., Couto, S., Ortuño, V.M., García-González, R. (2006) 
Diet of wild boar Sus scrofa L. and crop damage in an intensive agroecosystem. 
Eur J Wildl Res 52:245–250. 

Herrero, J., Irizar, I., Laskurain, N.A., García‐Serrano, A., García‐González, R. (2005) 
Fruits and roots: wild boar foods during the cold season in the southwestern 
Pyrenees. Ital J Zool 72:49–52. 

Howe, T.D., Singer, F.J., Ackerman, B.B. (1981) Forage relationships of European wild 
boar invading northern hardwood forest. J Wildl Manage 45:748–754. 

Humbert, J.-F., Henry, C. (1989) Studies on the prevalence and the transmission of lung 
and stomach nematodes of the wild boar (Sus scrofa) in France. J Wildl Dis 
25:335–341. 

Järvis, T. (1993) Uluksõraliste helmindid Eestis ja helmintooside tõrje. Väitekiri veteri-
naarmeditsiinidoktori teaduskraadi taotlemiseks parasitoloogias. Eesti Põllumajan-
dusülikool (EPMÜ). Parasitoloogia õppetool. Tartu. 

Järvis, T., Kapel, Ch., Moks, E., Talvik, H., Mägi, E. (2007) Helminths of wild boar in 
the isolated population close to the northern border of its habitat area. Vet Parasitol 
150:366 369. 

Jędrzejewski, W., Jędrzejewska, B., Okarma, H., Ruprecht, A.L. (1992) Wolf predation 
and snow cover as mortality factors in the ungulate community of the Bialowieża 
National Park, Poland. Oecologia 90:27–36. 

Jędrzejewski, W., Schmidt, K., Miłkowski, L., Jędrzejewska, B., Okarma, H. (1993) 
Foraging by lynx and its role in ungulate mortality: the local (Białowieża forest) 
and the Paleartic viewpoints. Acta Theriol 38:385–403. 

Ježek, M., Holá, M., Kušta, T., Cervený, J. (2016) Creeping into a wild boar stomach to 
find traces of supplementary feeding. Wildl Res 43:590–598. 

Ježek, M, Kušta T, Cervený J. (2013) Effect of supplementary feeding on spatial 
activity of wild boar during the winter season. In: 31st IUGB Congress. Belgium, 
pp. 219. 

Jokelainen, P., Velström, K., Lassen, B. (2015) Seroprevalence of Toxoplasma gondii in 
free-ranging wild boars hunted for human consumption in Estonia. Acta Vet Scand 
57:42. 

Jones, D.D., Conner, L.M., Warren, R.J., Ware, G.O. (2002) The effect of supplemental 
prey and prescribed fire on success of artificial nests. J Wildl Manage 66:1112–
1117. 

Jones, D.D., Conner, L.M., Warren, R.J., Ware, G.O. (2010) Efiects of a supplemental 
food source and nest density on success of artificial ground nests. Proc Annu Conf 
Southeast Assoc Fish and Wildl Agencies 64:56–60. 

Kärssin, A., Velström, K., Gómez-Morales, M.A., Saar, T., Jokelainen, P., Lassen, B. 
(2016) Cross-sectional study of anti-trichinella antibody prevalence in domestic 
pigs and hunted wild boars in Estonia. Vector Borne Zoonotic Dis 16:604–610. 
doi:10.1089/vbz.2016.1943. 

Keuling, O. (2009) Managing wild boar – considerations for wild boar management based 
on game biology data. PhD thesis, Dresden University of Technology, Germany. 

Keuling, O. (2010) Habitat use of wild boar in a forest-agro-ecosystem in northern 
Germany. In: 8th Symposium on Wild Boar and other suids. United Kingdom, pp. 11. 

Keuling, O., Lauterbach, K., Stier, N., Roth, M. (2010) Hunter feedback of individually 
marked wild boar Sus scrofa L.: dispersal and efficiency of hunting in northeastern 
Germany. Eur J Wildl Res 56:159–167. 



44 

Keuling, O., Stier, N., Roth, M. (2008) How does hunting influence activity and spatial 
usage in wild boar Sus scrofa L.? Eur J Wildl Res 54:729–737. 

Keuling, O., Stier, N., Roth, M. (2009) Commuting, shifting or remaining?: Different 
spatial utilisation patterns of wild boar Sus scrofa L. in forest and field crops during 
summer. Mamm Biol 74:145–152. 

Kotanen, P.M. (1995) Responses of vegetation to a changing regime of disturbance: 
effects of feral pigs in a Californian coastal prairie. Ecography 18:190–199. 

Larsen, M.N., Roepstorff, A. (1999) Seasonal variation in development and survival of 
Ascaris suum and Trichuris suis eggs on pastures. Parasitology 119:209–220. 

Lemel, J., Truve, J., Söderberg, B. (2003) Variation in ranging and activity behaviour of 
European wild boar Sus scrofa in Sweden. Wildl Biol 9:29–36. 

Lepiksaar, J. (1986) The Holocene history of theriolauna in Fennoscandia and Baltic 
Countries. – In Nordic Late Quaternary Biology and Ecology (L.-K. Kdnigsson, 
Ed.). Striae 24: 5l–70. Uppsala. 

Lindblom, S. (2011) Distribution of wild boar (Sus scrofa) damage and harvest loss in 
crop fields. MSc thesis, Lund University, Sweden. 

Lõhmus, A., Leivits, M., Pēterhofs, E., Zizas, R., Hofmanis, H., Ojaste, I., Kurlavičius, P. 
(2017) The capercaillie (Tetrao urogallus): an iconic focal species for knowledge-
based integrative management and conservation of Baltic forests. Biodivers 
Conserv 26:1–21. 

Martin, C., Pastoret, P.-P., Brochier, B., Humblet, M.-F., Saegerman, C. (2011) A survey 
of the transmission of infectious diseases/infections between wild and domestic 
ungulates in Europe. Vet Res 42: 70. doi: 10.1186/1297-9716-42-70. 

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

Massei, G., Kindberg, J., Licoppe, A., Gačić, D., Šprem, N., Kamler, J., Baubet, E., 
Hohmann, U., Monaco, A., Ozoliņš, J., Cellina, S., Podgórski, T., Fonseca, C., 
Markov, N., Pokorny, B., Rosell, C., Náhlik, A. (2015) Wild boar populations up, 
numbers of hunters down? A review of trends and implications for Europe. Pest 
Manage Sci 71:492–500. 

Mattioli, L., Capitani, C., Gazzola, A., Scandura, M., Apollonio, M. (2011) Prey selection 
and dietary response by wolves in a high-density multi-species ungulate com-
munity. E J Wild Res 57:909–922. 

Mayer, J.J., Nelson, E.A., Wike, L.D. (2000) Selective depredation of planted hardwood 
seedlings by wild pigs in a wetland restoration area. Ecol Eng 15 (Supplement 1): 
S79–S85. 

Melis, C., Szafrańska, P.A., Jędrzejewska, B., Bartoń, K. (2006) Biogeographical 
variation in the population density of wild boar (Sus scrofa) in western Eurasia. J 
Biogeogr 33:803–811. 

Mentaberre, G., Romero, B., de Juan, L., Navarro-González, N., Velarde, R., Mateos, A., 
Marco, I., Olivé-Boix, X., Domínguez, L., Lavín, S., Serrano, E. (2014) Long-term 
assessment of wild boar harvesting and cattle removal for bovine tuberculosis 
control in free ranging populations. PLoS ONE 9:e88824. 

Meriggi, A., Sacchi, O. (2001): Habitat requirements of wild boars in the northern 
Apennines (N Italy): a multi‐level approach. Ital J Zool 68:47–55. 

Merli, R., Meriggi, A. (2006) Using harvest data to predict habitat-population relation-
ship of the wild boar Sus scrofa in Northern Italy. Acta Theriol 51:383–394. 



45 

Merta, D., Mocała, P., Pomykacz, M., Frąckowiak, W. (2014) Autumn-winter diet and 
fat reserves of wild boars (Sus scrofa) inhabiting forest and forest-farmland 
environment in south-western Poland. Folia Zool 63:95–102. 

Mexia-de-Almeida, L., Santos, P., Petrucci-Fonseca, F. (2004) Habitat selection by wild 
boar Sus scrofa L. In Alentejo, Portugal. Galemys: Boletín informativo de la 
Sociedad Española para la conservación yestudio de los mamíferos, pp 167–184. 

Moreno-Opo, R., Afonso, I., Jiménez, J., Fernández-Olalla, M., Canut, J., García-Ferré, 
D., Piqué, J., García, F. Roig, J., Muñoz-Igualada, J., González, L.M., López-Bao, 
J.V. (2015) Is it necessary managing carnivores to reverse the decline of 
endangered prey species? Insights from a removal experiment of mesocarnivores to 
benefit demographic parameters of the Pyrenean capercaillie. PLoS ONE 
10:e0139837. 

Moss, R., Storch, I., Müller, M. (2010) Trends in grouse research. Wildl Biol 16:1–11. 
Nagy, G., Csivincsik, Á., Sugár, L. (2015) Wild boar density drives Metastrongylus 

infection in earthworm. Acta Parasit 60:35–39. 
Navarro-Gonzalez, N., Fernández-Llario, P., Pérez-Martín, J.E., Mentaberre, G., López-

Martín, J.M., Lavín, S., Serrano, E. (2013) Supplemental feeding drives 
endoparasite infection in wild boar in Western Spain. Vet Parasitol 196:114–123. 

Neet, C. (1995) Population dynamics and management of Sus scrofa in western Switzer-
land: a statistical modelling approach. J Mt Ecol 3:188–191. 

Nores, C., Llaneza, L., Álvarez, A. (2008) Wild boar Sus scrofa mortality by hunting and 
wolf Canis lupus predation: an example in northern Spain. Wildl Biol 14:44–51. 

Ohashi, H., Saito, M., Horie, R., Tsunoda, H., Noba, H., Ishii, H., Kuwabara, T., 
Hiroshige, Y., Koike, S., Hoshino, Y., Toda, H., Kaji, K. (2012) Differences in the 
activity pattern of the wild boar Sus scrofa related to human disturbance. Eur J 
Wildl Res 59:167–177. 

Oja, R. (2011) Metssea (Sus scrofa) lisasöötmise kõrvalmõjud maaspesitsevatele 
lindudele, teistele imetajatele ja taimedele. MSc thesis, University of Tartu, 
Estonia. [In Estonian, English summary: Side effects of supplementary feeding of 
wild boar (Sus scrofa) on ground-nesting birds, other mammals and plants.] 

Okarma, H., Jędrzejewska, B., Jędrzejewski, W., Krasiński, Z.A., Miłkowski, L. (1995) 
The roles of predation, snow cover, acorn crop, and man-related factors on ungulate 
mortality in Białowieża Primeval Forest, Poland. Acta Theriol 40:197–217. 

Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D., Core Team R. (2011) nlme: linear and 
nonlinear mixed effects models. R package version 3. 1–102. 

Popiołek, M., Knecht, D., Szczęsna-Staśkiewicz, J., Czerwińska-Rożałow, A. (2010) 
Helminths of the wild boar (Sus scrofa L.) in natural and breeding conditions. Bull 
Vet Inst Pulawy 53:161–166. 

Prévot, C. (2010) Influence of artificial feeding on spatial utilisation patterns of the wild 
boar (Sus scrofa L.). In Book of Abstracts 8th International Symposium on Wild 
Boar and Other Suids. United Kingdom, pp 21–22. 

Purger, J.J., Mészáros, L.A. (2006) Possible effects of nest predation on the breeding 
success of Ferruginous duck Aythya nyroca. Bird Conserv Int 16:309–316. 

Pyziel, A.M., Kowalczyk, R., Demiaszkiewicz, A.W. (2011) The annual cycle of 
shedding Eimeria oocysts by European bison (Bison bonasus) in the Bialowieza 
Primeval Forest, Poland. J Parasitol 97:737–739. 

R Development Core Team. (2013) R: a language and environment for statistical 
computing (version 3.0.1). Vienna: R Foundation for Statistical Computing. 



46 

R Development Core Team. (2015) R: a language and environment for statistical 
computing (version 3.2.2). Vienna: R Foundation for Statistical Computing. 

R Development Core Team. (2017) R: a language and environment for statistical 
computing (version 3.4.0). Vienna: R Foundation for Statistical Computing. 

Risco, D., Serrano, E., Fernández-Llario, P., Cuesta, J.M., Gonçalves, P., García-
Jiménez, W.L., Martínez, R., Cerrato, R., Velarde, R., Gómez, L., Segalés, J., de 
Mendoza, J.H. (2014) Severity of bovine tuberculosis is associated with co-
infection with common pathogens in wild boar. PLoS One 9:e110123. 

Roberts, M.G., Dobson, A.P., Arneberg, P., de Leo, G.A., Krecek, R.C., Manfredi, M.T., 
Lanfranchi, P., Zaffaroni, E. (2003) Parasite community ecology and biodiversity. 
In: Hudson, P.J., Rizzoli, A., Grenfell, B.T., Heesterbeek, H., Dobson, A.P. (eds.) 
The ecology of wildlife diseases. Oxford, Oxford University Press, pp 63–82. 

Roepstorff, A., Nansen, P. (1998) Epidemiology, diagnosis and control of helminth 
parasites of swine. FAO Animal Health Manual, Rome. 

Rosvold, J., Andersen, R. (2008) Wild boar in Norway – is climate a limiting factor? 
Norges teknisk-naturvitenskapelige universitet Vitenskapsmuseet. Rapp Zool Ser 
1:1–23. 

Rosvold, J., Halley, D.J., Hufthammer, A.K., Minagawa, M., Andersen, R. (2010) The 
rise and fall of wild boar in a northern environment: evidence from stable isotopes 
and subfossil finds. Holocene 20:1113–1121. 

Sachot, S., Perrin, N., Neet, C.. (2003) Winter habitat selection by two sympatric forest 
grouse in western Switzerland: implications for conservation. Biol Conserv 
112:373–382. 

Saïd, S, Tolon, V., Brandt, S., Baubet, E. (2012) Sex effect on habitat selection in 
response to hunting disturbance: the study of wild boar. Eur J Wildl Res 58:107–
115. 

Šálek, M., Svobodová, J., Bejček, V., Albrecht, T. (2004) Predation on artificial nests in 
relation to the numbers of small mammals in the Krušné hory Mts, the Czech 
Republic. Folia Zool 53:312–318. 

Saniga, M. (2002) Nest loss and chick mortality in capercaillie (Tetrao urogallus) and 
hazel grouse (Bonasa bonasia) in West Carpathians. Folia Zool 51:205–214. 

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

Scillitani, L., Monaco, A., Toso, S. (2010) Do intensive drive hunts affect wild boar 
(Sus scrofa) spatial behaviour in Italy? Some evidences and management 
implications. Eur J Wild Res 56:307–318. 

Selva, N. (2004) The role of scavenging in the predator community of Białowieża 
primeval forest (Poland). PhD thesis, Polish Acadmy of Sciences, Poland. 

Selva, N., Berezowska-Cnota, T., Elguero-Claramunt, I. (2014) Unforeseen effects of 
supplementary feeding: ungulate baiting sites as hotspots for ground-nest predation. 
PLoS One 9:e90740. 

Senior, A.M., Grueber, C.E., Machovsky-Capuska, G., Simpson, S.J., Raubenheimer, D. 
(2016) Macronutritional consequences of food generalism in an invasive mammal, 
the wild boar. Mamm Biol 81:523–526. 

Senserini, D, Santilli, F. (2016) Potential impact of wild boar (Sus scrofa) on pheasant 
(Phasianus colchicus) nesting success. Wildl Biol Pract 12:15–20. 

Servanty, S., Gaillard, J.-M., Toïgo, C., Brandt, S., Baubet, E. (2009) Pulsed resources 
and climate-induced variation in the reproductive traits of wild boar under high 
hunting pressure. J Anim Ecol 78:1278–1290. 



47 

Singer, F.J., Swank, W.T., Clebsch, E.E.C. (1984) Effects of wild pig rooting in a 
deciduous forest. J Wildl Manage 48:464–473. 

Sirkiä, S., Lindén, A., Helle, P., Nikula, A., Knape, J., Lindén, H.. (2010) Are the 
declining trends in forest grouse populations due to changes in the forest age 
structure? A case study of capercaillie in Finland. Biol Conserv 143:1540–1548. 

Sodeikat, G., Pohlmeyer, K. (2003) Escape movements of family groups of wild boar 
Sus scrofa influenced by drive hunts in Lower Saxony, Germany. Wildl Biol 9 
(Supplement 1): 43–49. 

Sorensen, A., van Beest, F.M., Brook, R.K. (2014) Impacts of wildlife baiting and 
supplemental feeding on infectious disease transmission risk – a synthesis of 
knowledge. Prev Vet Med 113:356–363. 

Stillfried, M., Gras, P., Busch, M., Börner, K., Kramer-Schadt, S., Ortmann, S. (2017) 
Wild inside: urban wild boar select natural, not anthropogenic food resources. PLoS 
ONE 12:e0175127. 

Storch, I. (2007) Conservation status of grouse worldwide: an update. Wildl Biol 
13(Supplement 1):5–12. 

Süld, K., Valdmann, H., Laurimaa, L., Soe, E., Davison, J., Saarma, U. (2014) An 
invasive vector of zoonotic disease sustained by anthropogenic resources: the 
raccoon dog in Northern Europe. PLoS One 9:e96358. 

Summers, R.W., Green, R.E., Proctor, R., Dugan, D., Lambie, D., Moncrieff, R., Moss, 
R., Baines, D. (2004) An experimental study of the effects of predation on the 
breeding productivity of capercaillie and black grouse. J Appl Ecol 41:513–525. 

Svobodová, J., Koubová, M., Mrštný, L., Albrecht, T., Kreisinger, J. (2012) Temporal 
variation in nest predation risk along habitat edges between grassland and 
secondary forest in Central Europe. Eur J Wildl Res 58:315–323. 

Thurfjell, H. (2011) Spatial behaviour of wild boar. PhD thesis, Swedish University of 
Agricultural Sciences, Sweden. 

Thurfjell, H., Ball, J.P., Åhlén, P.-A., Kornacher, P., Dettki, H., Sjöberg, K. (2009) 
Habitat use and spatial patterns of wild boar Sus scrofa (L.): agricultural fields and 
edges. Eur J Wildl Res 55:517–523. 

Valdmann, H., Koppa, O., Looga, A. (1998) Diet and prey selectivity of wolf Canis 
lupus in middle-and south-eastern Estonia. Balt For 4:42–46. 

Valdmann, H., Andersone-Lilley, Z., Koppa, O., Ozolins, J., Bagrade, G. (2005) Winter 
diets of wolf Canis lupus and lynx Lynx lynx in Estonia and Latvia. Acta Theriol 
50:521–527. 

Vander Lee, B.A., Lutz, R.S., Hansen, L.A., Mathews, N.E. (1999) Effects of supple-
mental prey, vegetation, and time on success of artificial nests. J Wildl Manage 
63:1299–1305. 

Veeroja, R., Männil, P. (2014) Population Development and Reproduction of Wild Boar 
(Sus scrofa) in Estonia. Wildl Biol Pract 10:17–21. 

Veeroja, R., Männil, P. (2016) Ulukiasurkondade seisund ja küttimissoovitus 2016. 
Report of Estonian Environment Agency. [In Estonian, English summary: Status of 
game populations in Estonia and proposal for hunting in 2016] 

Venables, W. N., Ripley, B. D. (2002) Modern Applied Statistics with S. Fourth 
Edition. Springer, New York. 

Vulla, E., Hobson, K.A., Korsten, M., Leht, M., Martin, A.-J., Lind, A., Männil, P., 
Valdmann, H., Saarma, U. (2009) Carnivory is positively correlated with latitude 
among omnivorous mammals: evidence from brown bears, badgers and pine 
martens. Ann Zool Fenn 6:395–415 



48 

Wegge, P., Rolstad, J. (2011) Clearcutting forestry and Eurasian boreal forest grouse: 
long-term monitoring of sympatric capercaillie Tetrao urogallus and black grouse 
T. tetrix reveals unexpected effects on their population performances. For Ecol 
Manage 261:1520–1529. 

Wilcox, J.T., Van Vuren, D.H. (2009) Wild pigs as predators in oak woodlands of 
California. J Mammal 90:114–118. 

Wilson, D.E., Mittermeier, R.A. (eds.) (2011) Handbook of the mammals of the world. 
Vol 2. Hoofed mammals. Barcelona: Lynx Edicions. 

Zeithaml, J., Pižl, V., Sklenička, P. (2009) Earthworm assemblages in an ecotone 
between forest and arable field and their relations with soil properties. Pesquisa 
Agropecuária Brasileira 44:922-926. 

Zeman, J., Hrbek, J., Drimaj, J., Kudláček, T., Kamler, J., Plhal, R., Heroldová, M. 
(2016) Comparison of three methods to evaluate wild boar diet. Folia Zool 65:221–
224. 

 
  



49 

ACKNOWLEDGEMENTS 

First of all, I am greatful to my supervisor and “academic parent” Harri 
Valdmann for the time and work he has invested in me and my studies, whether 
by reading and commenting on the manuscripts, telling me how to distinguish 
between the tracks left by various mammals, teaching me to load and shoot an 
airsoft gun, or simply saying: ‘I have no doubt that you can do it, I’m not 
worried at all.’ And as it turned out, I really could do it. 

I would also like to thank all my co-authors, who were always willing to 
discuss the results and provide useful suggestions to improve the work. Thank 
you, Ants, Egle, Urmas, Karoliine, Epp, Pikka, Brian, and Kaisa. Special thanks 
to John for his diligent language-editing and comments on the articles. 

It would have been very difficult to collect all the data used in this thesis on 
my own. Therefore, I am greatful to all the hunters, who took the time to send 
me samples and shared the locations of the feeding sites, to my Master’s 
students Karoliine, Triin and Andres for their help in fieldwork, to Karmen for 
her invaluable help in fieldwork, to the people in the Environment Agency, 
particularly Rauno (thank you for always being quick to send me whatever data 
I asked for) and Inga (thank you for dealing with all that paperwork), and to 
numerous students and other volunteers, who participated in the weekly trips to 
capercaillie areas and helped in collecting the faecal samples. 

No lunchbreak or day in the lab should be spent without good friends and 
academic discussion on the new animal videos or experiments on who can clear 
more tetris lines in two minutes. Thank you, Karmen, Leidi and Egle. To my 
“other friends” – thank you for taking my mind off work, when I really needed 
it, whether it was by protecting a large rock in the middle of the night from 
smurf invasion, dancing all night, or simply talking about whatever was on our 
minds. 

Finally, I am greatful to my family and loved ones for their encouragement 
and support. I am especially greatful to my mother Mare, who has always been 
there for me from the first day of my life. Thank you for being the perfect 
example to follow, thank you for your love and encouragement. 
 
 
  



  



 
 
 
 
 
 
 
 
 
 
 

PUBLICATIONS 

  



CURRICULUM VITAE 

Name: Ragne Oja 
Date of birth: 19.05.1987 
Citizenship: Estonian 
Contact: Department of Zoology, Institute of Ecology and Earth 

Sciences, Vanemuise 46, 51014, Tartu, Estonia 
E-mail: ragneoja@ut.ee 
 
Education: 
2011–2017 University of Tartu, doctoral studies in Zoology and 

Hydrobiology 
2009–2011 University of Tartu, master studies in Biology 
2006–2009 University of Tartu, bachelor studies in Biology 
1994–2006 Tallinn School No 21 
 
Professional employment: 
October 2016– Biology teacher in Tapa Gymnasium 
 
Research interests: 
Wild boar (Sus scrofa) diet and parasites, predation of ground-nesting birds 

121 

Publications: 
Oja, R., Soe, E., Valdmann, H., Saarma, U. (2017) Non-invasive genetics 

outperforms morphological methods in faecal dietary analysis, revealing 
wild boar as a considerable conservation concern for ground-nesting birds. 
PLoS ONE 12: e0179463. 

Oja, R., Velström, K., Moks, E., Jokelainen, P., Lassen, B. (2017) How does 
supplementary feeding affect endoparasite infection in wild boar? Parasitol 
Res doi:10.1007/s00436-017-5512-0  

Oja, R., Zilmer, K., Valdmann, H. (2015) Spatiotemporal effects of supple-
mentary feeding of wild boar (Sus scrofa) on artificial ground nest 
depredation. PLoS ONE 10: e0135254. 

Laurimaa, L., Davison, J., Süld, K., Plumer, L., Oja, R., Moks, E., Keis, M., 
Hindrikson, M., Kinkar, L., Laurimäe, T., Abner, J., Remm, J., Anijalg, P., 
Saarma, U. (2015). First report of highly pathogenic Echinococcus granu-
losus genotype G1 in dogs in European urban environment. Parasit Vectors 
8: s13071-015-0796-3. 

Laurimaa, L., Davison, J., Plumer, L., Süld, K., Oja, R., Moks, E., Keis, M., 
Hindrikson, M., Kinkar, L., Laurimäe, T., Abner, J., Remm, J., Anijalg, P., 
Saarma, U. (2015). Noninvasive detection of Echinococcus multilocularis 
tapeworm in urban area, Estonia. Emerg Infect Dis 21: 163−164. 

Oja, R., Kaasik, A., Valdmann, H. (2014) Winter severity or supplementary 
feeding – which matters more for wild boar? Acta Theriol 59: 553–559. 



Conference presentations: 
Iacolina, L.*, Bakan, J., Cubric-Curik, V., Kusza, S., Oja, R., Saarma, U., 

Scandura, M., Pertoldi, C. Hybridization levels in European Sus scrofa, 
comparison between genetic and survey data. African Swine Fever – recent 
research advances and strategies to combat the disease in Europe, Pulawy 
6–8.12.2016. Oral presentation. 

Iacolina, L.*, Bakan, J., Cubric-Curik, V., Kusza, S., Oja, R., Saarma, U., 
Scandura, M., Pertoldi, C. SNP data in the detection of hybridization levels 
between wild boar and domestic pig in Europe. 11th International 
Symposium on Wild Boar & Other Suids, Mersch 5–7.09.2016. Oral 
presentation. 

Oja, R.*, Velström, K., Moks, E., Jokelainen, P., Lassen, B. Host population 
density vs. infection hot-spots – which is best for parasites? The 12th 
European Multicolloquium of Parasitology, Turku 20–24.07.2016. Oral 
presentation. 

Iacolina, L.*, Bakan, J., Cubric-Curic, V., Kusza, S., Oja, R., Saarma, U., 
Scandura, M., Pertoldi, C. Hybridization among wild boars, local breeds 
and commercial breeds – preliminary results. ConGenOmics conference, 
Vairão 3–6.05.2016. Oral presentation. 

Oja, R.*, Valdmann, H. Supplementary feeding of wild boar increases ground 
nest depredation. 9th Baltic Theriological Conference, Daugavpils 16–
18.10.2014. Oral presentation. 

Oja, R.*, Kaasik, A., Valdmann, H. Wild boar at the northern limit of the 
species range: extreme conditions, high abundance. 31st IUGB Congress, 
International Union of Game Biologists, Brussels 27–29.08.2013. Poster 
presentation. 

Oja, R.*, Zilmer, K., Valdmann, H. Ground nest depredation in the vicinity of 
supplementary feeding sites. The 2nd Conference of Doctoral School of 
Earth Sciences and Ecology. Down to Earth. Tallinn 16–17.05.2013. Oral 
presentation. 

Oja, R.*, Kaasik, A., Valdmann, H. Metssea leviku põhjapiir – mis määrab 
arvukuse? Lätted ja tänapäev III, Tartu 5.04.2013. Oral presentation. 

* presenting author 
 
Associations: 
Member of the Estonian Theriological Society since 2010 
  

122



ELULOOKIRJELDUS 

Nimi: Ragne Oja 
Sünniaeg: 19.05.1987 
Kodakondsus: Eesti 
Kontakt: Zooloogia osakond, Ökoloogia ja maateaduste Instituut, 

Vanemuise 46, 51014, Tartu, Estonia 
E-post: ragneoja@ut.ee 
 
Hariduskäik: 
2011–2017 Tartu Ülikool, doktoriõpe Zoologias ja Hüdrobioloogias 
2009–2011 Tartu Ülikool, magistriõpe Bioloogias 
2006–2009 Tartu Ülikool, bakalaureuseõpe Bioloogias 
1994–2006 Tallinna 21. Kool 
 
Erialane teenistuskäik: 
oktoober 2016– bioloogiaõpetaja Tapa Gümnaasiumis 
 
Peamised uurimisvaldkonnad: 
Metssea (Sus scrofa) toitumine ja parasiidid, maaspesitsevate lindude kisklus 

123

 
Publikatsioonid: 
Oja, R., Soe, E., Valdmann, H., Saarma, U. (2017) Non-invasive genetics 

outperforms morphological methods in faecal dietary analysis, revealing 
wild boar as a considerable conservation concern for ground-nesting birds. 
PLoS ONE 12: e0179463. 

Oja, R., Velström, K., Moks, E., Jokelainen, P., Lassen, B. (2017) How does 
supplementary feeding affect endoparasite infection in wild boar? Parasitol 
Res doi:10.1007/s00436-017-5512-0  

Oja, R., Zilmer, K., Valdmann, H. (2015) Spatiotemporal effects of supple-
mentary feeding of wild boar (Sus scrofa) on artificial ground nest 
depredation. PLoS ONE 10: e0135254. 

Laurimaa, L., Davison, J., Süld, K., Plumer, L., Oja, R., Moks, E., Keis, M., 
Hindrikson, M., Kinkar, L., Laurimäe, T., Abner, J., Remm, J., Anijalg, P., 
Saarma, U. (2015). First report of highly pathogenic Echinococcus granu-
losus genotype G1 in dogs in European urban environment. Parasit Vectors 
8: s13071-015-0796-3. 

Laurimaa, L., Davison, J., Plumer, L., Süld, K., Oja, R., Moks, E., Keis, M., 
Hindrikson, M., Kinkar, L., Laurimäe, T., Abner, J., Remm, J., Anijalg, P., 
Saarma, U. (2015). Noninvasive detection of Echinococcus multilocularis 
tapeworm in urban area, Estonia. Emerg Infect Dis 21: 163−164. 

Oja, R., Kaasik, A., Valdmann, H. (2014) Winter severity or supplementary 
feeding – which matters more for wild boar? Acta Theriol 59: 553–559. 



Konverentsiettekanded: 
Iacolina, L.*, Bakan, J., Cubric-Curik, V., Kusza, S., Oja, R., Saarma, U., 

Scandura, M., Pertoldi, C. Hybridization levels in European Sus scrofa, 
comparison between genetic and survey data. African Swine Fever – recent 
research advances and strategies to combat the disease in Europe, Pulawy 
6–8.12.2016. Suuline ettekanne. 

Iacolina, L.*, Bakan, J., Cubric-Curik, V., Kusza, S., Oja, R., Saarma, U., 
Scandura, M., Pertoldi, C. SNP data in the detection of hybridization levels 
between wild boar and domestic pig in Europe. 11th International 
Symposium on Wild Boar & Other Suids, Mersch 5–7.09.2016. Suuline 
ettekanne. 

Oja, R.*, Velström, K., Moks, E., Jokelainen, P., Lassen, B. Host population 
density vs. infection hot-spots – which is best for parasites? The 12th 
European Multicolloquium of Parasitology, Turku 20–24.07.2016. Suuline 
ettekanne. 

Iacolina, L.*, Bakan, J., Cubric-Curic, V., Kusza, S., Oja, R., Saarma, U., 
Scandura, M., Pertoldi, C. Hybridization among wild boars, local breeds 
and commercial breeds – preliminary results. ConGenOmics conference, 
Vairão 3–6.05.2016. Suuline ettekanne. 

Oja, R.*, Valdmann, H. Supplementary feeding of wild boar increases ground 
nest depredation. 9th Baltic Theriological Conference, Daugavpils 16–
18.10.2014. Suuline ettekanne. 

Oja, R.*, Kaasik, A., Valdmann, H. Wild boar at the northern limit of the species 
range: extreme conditions, high abundance. 31st IUGB Congress, Inter-
national Union of Game Biologists, Brussels 27–29.08.2013. Posterette-
kanne. 

Oja, R.*, Zilmer, K., Valdmann, H. Ground nest depredation in the vicinity of 
supplementary feeding sites. The 2nd Conference of Doctoral School of 
Earth Sciences and Ecology. Down to Earth. Tallinn 16–17.05.2013. 
Suuline ettekanne. 

Oja, R.*, Kaasik, A., Valdmann, H. Metssea leviku põhjapiir – mis määrab 
arvukuse? Lätted ja tänapäev III, Tartu 5.04.2013. Suuline ettekanne. 

* ettekandja 
 
Erialased ühingud: 
Eesti Terioloogia seltsi liige alates 2010. a 

 

124



125 

DISSERTATIONES BIOLOGICAE 
UNIVERSITATIS TARTUENSIS 

 

  1. Toivo Maimets. Studies of human oncoprotein p53. Tartu, 1991, 96 p. 
  2. Enn K. Seppet. Thyroid state control over energy metabolism, ion trans-

port and contractile functions in rat heart. Tartu, 1991, 135 p.  
  3. Kristjan Zobel. Epifüütsete makrosamblike väärtus õhu saastuse indikaa-

toritena Hamar-Dobani boreaalsetes mägimetsades. Tartu, 1992, 131 lk. 
  4. Andres Mäe. Conjugal mobilization of catabolic plasmids by transpos-

able elements in helper plasmids. Tartu, 1992, 91 p. 
  5. Maia Kivisaar. Studies on phenol degradation genes of Pseudomonas sp. 

strain EST 1001. Tartu, 1992, 61 p. 
  6. Allan Nurk. Nucleotide sequences of phenol degradative genes from 

Pseudomonas sp. strain EST 1001 and their transcriptional activation in 
Pseudomonas putida. Tartu, 1992, 72 p. 

  7. Ülo Tamm. The genus Populus L. in Estonia: variation of the species bio-
logy and introduction. Tartu, 1993, 91 p. 

  8. Jaanus Remme. Studies on the peptidyltransferase centre of the E.coli 
ribosome. Tartu, 1993, 68 p. 

  9. Ülo Langel. Galanin and galanin antagonists. Tartu, 1993, 97 p. 
10. Arvo Käärd. The development of an automatic online dynamic fluo-

rescense-based pH-dependent fiber optic penicillin flowthrought biosensor 
for the control of the benzylpenicillin hydrolysis. Tartu, 1993, 117 p. 

11. Lilian Järvekülg. Antigenic analysis and development of sensitive immu-
noassay for potato viruses. Tartu, 1993, 147 p. 

12. Jaak Palumets. Analysis of phytomass partition in Norway spruce. Tartu, 
1993, 47 p. 

13. Arne Sellin. Variation in hydraulic architecture of Picea abies (L.) Karst. 
trees grown under different enviromental conditions. Tartu, 1994, 119 p.  

13. Mati Reeben. Regulation of light neurofilament gene expression. Tartu, 
1994, 108 p. 

14. Urmas Tartes. Respiration rhytms in insects. Tartu, 1995, 109 p. 
15. Ülo Puurand. The complete nucleotide sequence and infections in vitro 

transcripts from cloned cDNA of a potato A potyvirus. Tartu, 1995, 96 p. 
16. Peeter Hõrak. Pathways of selection in avian reproduction: a functional 

framework and its application in the population study of the great tit 
(Parus major). Tartu, 1995, 118 p. 

17. Erkki Truve. Studies on specific and broad spectrum virus resistance in 
transgenic plants. Tartu, 1996, 158 p. 

18. Illar Pata. Cloning and characterization of human and mouse ribosomal 
protein S6-encoding genes. Tartu, 1996, 60 p. 

19. Ülo Niinemets. Importance of structural features of leaves and canopy in 
determining species shade-tolerance in temperature deciduous woody 
taxa. Tartu, 1996, 150 p. 



126 

20. Ants Kurg. Bovine leukemia virus: molecular studies on the packaging 
region and DNA diagnostics in cattle. Tartu, 1996, 104 p. 

21. Ene Ustav. E2 as the modulator of the BPV1 DNA replication. Tartu, 1996, 
100 p. 

22. Aksel Soosaar. Role of helix-loop-helix and nuclear hormone receptor 
transcription factors in neurogenesis. Tartu, 1996, 109 p. 

23. Maido Remm. Human papillomavirus type 18: replication, transforma-
tion and gene expression. Tartu, 1997, 117 p. 

24. Tiiu Kull. Population dynamics in Cypripedium calceolus L. Tartu, 1997,  
124 p. 

25. Kalle Olli. Evolutionary life-strategies of autotrophic planktonic micro-
organisms in the Baltic Sea. Tartu, 1997, 180 p. 

26. Meelis Pärtel. Species diversity and community dynamics in calcareous 
grassland communities in Western Estonia. Tartu, 1997, 124 p. 

27. Malle Leht. The Genus Potentilla L. in Estonia, Latvia and Lithuania: 
distribution, morphology and taxonomy. Tartu, 1997, 186 p. 

28. Tanel Tenson. Ribosomes, peptides and antibiotic resistance. Tartu, 1997,  
80 p. 

29. Arvo Tuvikene. Assessment of inland water pollution using biomarker 
responses in fish in vivo and in vitro. Tartu, 1997, 160 p. 

30. Urmas Saarma. Tuning ribosomal elongation cycle by mutagenesis of  
23S rRNA. Tartu, 1997, 134 p. 

31. Henn Ojaveer. Composition and dynamics of fish stocks in the gulf of 
Riga ecosystem. Tartu, 1997, 138 p. 

32. Lembi Lõugas. Post-glacial development of vertebrate fauna in Estonian 
water bodies. Tartu, 1997, 138 p. 

33. Margus Pooga. Cell penetrating peptide, transportan, and its predecessors, 
galanin-based chimeric peptides. Tartu, 1998, 110 p. 

34. Andres Saag. Evolutionary relationships in some cetrarioid genera 
(Lichenized Ascomycota). Tartu, 1998, 196 p. 

35. Aivar Liiv. Ribosomal large subunit assembly in vivo. Tartu, 1998, 158 p. 
36.  Tatjana Oja. Isoenzyme diversity and phylogenetic affinities among the 

eurasian annual bromes (Bromus L., Poaceae). Tartu, 1998, 92 p. 
37. Mari Moora. The influence of arbuscular mycorrhizal (AM) symbiosis 

on the competition and coexistence of calcareous grassland plant species. 
Tartu, 1998, 78 p. 

38. Olavi Kurina. Fungus gnats in Estonia (Diptera: Bolitophilidae, Keropla-
tidae, Macroceridae, Ditomyiidae, Diadocidiidae, Mycetophilidae). Tartu, 
1998, 200 p.  

39. Andrus Tasa. Biological leaching of shales: black shale and oil shale. 
Tartu, 1998, 98 p. 

40. Arnold Kristjuhan. Studies on transcriptional activator properties of 
tumor suppressor protein p53. Tartu, 1998, 86 p. 

41.  Sulev Ingerpuu. Characterization of some human myeloid cell surface 
and nuclear differentiation antigens. Tartu, 1998, 163 p. 



127 

42.  Veljo Kisand. Responses of planktonic bacteria to the abiotic and biotic 
factors in the shallow lake Võrtsjärv. Tartu, 1998, 118 p. 

43. Kadri Põldmaa. Studies in the systematics of hypomyces and allied 
genera (Hypocreales, Ascomycota). Tartu, 1998, 178 p. 

44. Markus Vetemaa. Reproduction parameters of fish as indicators in en-
vironmental monitoring. Tartu, 1998, 117 p. 

45. Heli Talvik. Prepatent periods and species composition of different Oeso-
phagostomum spp. populations in Estonia and Denmark. Tartu, 1998, 
104 p. 

46. Katrin Heinsoo. Cuticular and stomatal antechamber conductance to water 
vapour diffusion in Picea abies (L.) karst. Tartu, 1999, 133 p. 

47. Tarmo Annilo. Studies on mammalian ribosomal protein S7. Tartu, 1998, 
77 p. 

48. Indrek Ots. Health state indicies of reproducing great tits (Parus major): 
sources of variation and connections with life-history traits. Tartu, 1999, 
117 p. 

49. Juan Jose Cantero. Plant community diversity and habitat relationships in 
central Argentina grasslands. Tartu, 1999, 161 p. 

50. Rein Kalamees. Seed bank, seed rain and community regeneration in 
Estonian calcareous grasslands. Tartu, 1999, 107 p. 

51.  Sulev Kõks. Cholecystokinin (CCK) – induced anxiety in rats: influence 
of environmental stimuli and involvement of endopioid mechanisms and 
serotonin. Tartu, 1999, 123 p. 

52. Ebe Sild. Impact of increasing concentrations of O3 and CO2 on wheat, 
clover and pasture. Tartu, 1999, 123 p. 

53. Ljudmilla Timofejeva. Electron microscopical analysis of the synaptone-
mal complex formation in cereals. Tartu, 1999, 99 p. 

54. Andres Valkna. Interactions of galanin receptor with ligands and  
G-proteins: studies with synthetic peptides. Tartu, 1999, 103 p. 

55. Taavi Virro. Life cycles of planktonic rotifers in lake Peipsi. Tartu, 1999, 
101 p. 

56.  Ana Rebane. Mammalian ribosomal protein S3a genes and intron-
encoded small nucleolar RNAs U73 and U82. Tartu, 1999, 85 p. 

57.  Tiina Tamm. Cocksfoot mottle virus: the genome organisation and trans-
lational strategies. Tartu, 2000, 101 p. 

58. Reet Kurg. Structure-function relationship of the bovine papilloma virus 
E2 protein. Tartu, 2000, 89 p. 

59. Toomas Kivisild. The origins of Southern and Western Eurasian popula-
tions: an mtDNA study. Tartu, 2000, 121 p. 

60. Niilo Kaldalu. Studies of the TOL plasmid transcription factor XylS. 
Tartu, 2000, 88 p. 

61. Dina Lepik. Modulation of viral DNA replication by tumor suppressor 
protein p53. Tartu, 2000, 106 p. 



128 

62. Kai Vellak. Influence of different factors on the diversity of the bryo-
phyte vegetation in forest and wooded meadow communities. Tartu, 2000, 
122 p. 

63. Jonne Kotta. Impact of eutrophication and biological invasionas on the 
structure and functions of benthic macrofauna. Tartu, 2000, 160 p. 

64. Georg Martin. Phytobenthic communities of the Gulf of Riga and the 
inner sea the West-Estonian archipelago. Tartu, 2000, 139 p. 

65.  Silvia Sepp. Morphological and genetical variation of Alchemilla L. in 
Estonia. Tartu, 2000. 124 p. 

66. Jaan Liira. On the determinants of structure and diversity in herbaceous 
plant communities. Tartu, 2000, 96 p. 

67. Priit Zingel. The role of planktonic ciliates in lake ecosystems. Tartu, 
2001, 111 p. 

68. Tiit Teder. Direct and indirect effects in Host-parasitoid interactions: 
ecological and evolutionary consequences. Tartu, 2001, 122 p. 

69. Hannes Kollist. Leaf apoplastic ascorbate as ozone scavenger and its 
transport across the plasma membrane. Tartu, 2001, 80 p. 

70. Reet Marits. Role of two-component regulator system PehR-PehS and 
extracellular protease PrtW in virulence of Erwinia Carotovora subsp. 
Carotovora. Tartu, 2001, 112 p. 

71. Vallo Tilgar. Effect of calcium supplementation on reproductive perfor-
mance of the pied flycatcher Ficedula hypoleuca and the great tit Parus 
major, breeding in Nothern temperate forests. Tartu, 2002, 126 p. 

72. Rita Hõrak. Regulation of transposition of transposon Tn4652 in Pseudo-
monas putida. Tartu, 2002, 108 p. 

73. Liina Eek-Piirsoo. The effect of fertilization, mowing and additional 
illumination on the structure of a species-rich grassland community. 
Tartu, 2002, 74 p. 

74. Krõõt Aasamaa. Shoot hydraulic conductance and stomatal conductance 
of six temperate deciduous tree species. Tartu, 2002, 110 p. 

75. Nele Ingerpuu. Bryophyte diversity and vascular plants. Tartu, 2002, 
112 p. 

76. Neeme Tõnisson. Mutation detection by primer extension on oligonucleo-
tide microarrays. Tartu, 2002, 124 p. 

77. Margus Pensa. Variation in needle retention of Scots pine in relation to 
leaf morphology, nitrogen conservation and tree age. Tartu, 2003, 110 p. 

78. Asko Lõhmus. Habitat preferences and quality for birds of prey: from 
principles to applications. Tartu, 2003, 168 p. 

79. Viljar Jaks. p53 – a switch in cellular circuit. Tartu, 2003, 160 p. 
80. Jaana Männik. Characterization and genetic studies of four ATP-binding 

cassette (ABC) transporters. Tartu, 2003, 140 p. 
81. Marek Sammul. Competition and coexistence of clonal plants in relation 

to productivity. Tartu, 2003, 159 p 
82. Ivar Ilves. Virus-cell interactions in the replication cycle of bovine 

papillomavirus type 1. Tartu, 2003, 89 p.  



129 

83. Andres Männik. Design and characterization of a novel vector system 
based on the stable replicator of bovine papillomavirus type 1. Tartu, 
2003, 109 p. 

84.  Ivika Ostonen. Fine root structure, dynamics and proportion in net pri-
mary production of Norway spruce forest ecosystem in relation to site 
conditions. Tartu, 2003, 158 p. 

85.  Gudrun Veldre. Somatic status of 12–15-year-old Tartu schoolchildren. 
Tartu, 2003, 199 p. 

86.  Ülo Väli. The greater spotted eagle Aquila clanga and the lesser spotted 
eagle A. pomarina: taxonomy, phylogeography and ecology. Tartu, 2004, 
159 p.  

87.  Aare Abroi. The determinants for the native activities of the bovine 
papillomavirus type 1 E2 protein are separable. Tartu, 2004, 135 p. 

88.  Tiina Kahre. Cystic fibrosis in Estonia. Tartu, 2004, 116 p. 
89.  Helen Orav-Kotta. Habitat choice and feeding activity of benthic suspension 

feeders and mesograzers in the northern Baltic Sea. Tartu, 2004, 117 p. 
90.  Maarja Öpik. Diversity of arbuscular mycorrhizal fungi in the roots of 

perennial plants and their effect on plant performance. Tartu, 2004, 175 p.  
91.  Kadri Tali. Species structure of Neotinea ustulata. Tartu, 2004, 109 p. 
92.  Kristiina Tambets. Towards the understanding of post-glacial spread of 

human mitochondrial DNA haplogroups in Europe and beyond: a phylo-
geographic approach. Tartu, 2004, 163 p. 

93.  Arvi Jõers. Regulation of p53-dependent transcription. Tartu, 2004, 
103 p. 

94.  Lilian Kadaja. Studies on modulation of the activity of tumor suppressor 
protein p53. Tartu, 2004, 103 p. 

95.  Jaak Truu. Oil shale industry wastewater: impact on river microbial  
community and possibilities for bioremediation. Tartu, 2004, 128 p. 

96.  Maire Peters. Natural horizontal transfer of the pheBA operon. Tartu, 
2004, 105 p. 

97.  Ülo Maiväli. Studies on the structure-function relationship of the bacterial 
ribosome. Tartu, 2004, 130 p.  

98.  Merit Otsus. Plant community regeneration and species diversity in dry 
calcareous grasslands. Tartu, 2004, 103 p. 

99. Mikk Heidemaa. Systematic studies on sawflies of the genera Dolerus, 
Empria, and Caliroa (Hymenoptera: Tenthredinidae). Tartu, 2004, 167 p. 

100. Ilmar Tõnno. The impact of nitrogen and phosphorus concentration and 
N/P ratio on cyanobacterial dominance and N2 fixation in some Estonian 
lakes. Tartu, 2004, 111 p. 

101. Lauri Saks. Immune function, parasites, and carotenoid-based ornaments 
in greenfinches. Tartu, 2004, 144 p.  

102. Siiri Rootsi. Human Y-chromosomal variation in European populations. 
Tartu, 2004, 142 p. 

103. Eve Vedler. Structure of the 2,4-dichloro-phenoxyacetic acid-degradative 
plasmid pEST4011. Tartu, 2005. 106 p.  



130 

104. Andres Tover. Regulation of transcription of the phenol degradation 
pheBA operon in Pseudomonas putida. Tartu, 2005, 126 p. 

105. Helen Udras. Hexose  kinases  and  glucose transport  in  the  yeast Han-
senula  polymorpha. Tartu, 2005, 100 p. 

106. Ave Suija. Lichens and lichenicolous fungi in Estonia: diversity, distri-
bution patterns, taxonomy. Tartu, 2005, 162 p. 

107. Piret Lõhmus. Forest lichens and their substrata in Estonia. Tartu, 2005, 
162 p.  

108. Inga Lips. Abiotic factors controlling the cyanobacterial bloom occur-
rence in the Gulf of Finland. Tartu, 2005, 156 p. 

109. Kaasik, Krista. Circadian clock genes in mammalian clockwork, meta-
bolism and behaviour. Tartu, 2005, 121 p. 

110. Juhan Javoiš. The effects of experience on host acceptance in ovipositing 
moths. Tartu, 2005, 112 p.  

111. Tiina Sedman. Characterization  of  the  yeast Saccharomyces  cerevisiae 
mitochondrial  DNA  helicase  Hmi1. Tartu, 2005, 103 p.  

112. Ruth Aguraiuja. Hawaiian endemic fern lineage Diellia (Aspleniaceae): 
distribution, population structure and ecology. Tartu, 2005, 112 p.  

113. Riho Teras. Regulation of transcription from the fusion promoters ge-
nerated by transposition of Tn4652 into the upstream region of pheBA 
operon in Pseudomonas putida. Tartu, 2005, 106 p.  

114. Mait Metspalu. Through the course of prehistory in india: tracing the 
mtDNA trail. Tartu, 2005, 138 p.  

115. Elin Lõhmussaar. The comparative patterns of linkage disequilibrium in 
European populations and its implication for genetic association studies. 
Tartu, 2006, 124 p. 

116. Priit Kupper. Hydraulic and environmental limitations to leaf water rela-
tions in trees with respect to canopy position. Tartu, 2006, 126 p. 

117. Heili Ilves. Stress-induced transposition of Tn4652 in Pseudomonas 
Putida. Tartu, 2006, 120 p. 

118. Silja Kuusk. Biochemical properties of Hmi1p, a DNA helicase from 
Saccharomyces cerevisiae mitochondria. Tartu, 2006, 126 p. 

119. Kersti Püssa. Forest edges on medium resolution landsat thematic mapper 
satellite images. Tartu, 2006, 90 p. 

120. Lea Tummeleht. Physiological condition and immune function in great 
tits (Parus major l.): Sources of variation and trade-offs in relation to 
growth. Tartu, 2006, 94 p. 

121. Toomas Esperk. Larval instar as a key element of insect growth sche-
dules. Tartu, 2006, 186 p.  

122. Harri Valdmann. Lynx (Lynx lynx) and wolf (Canis lupus)  in the Baltic 
region: Diets, helminth parasites and genetic variation. Tartu, 2006. 102 p. 

123. Priit Jõers. Studies of the mitochondrial helicase Hmi1p in Candida albi-
cans and Saccharomyces cerevisia. Tartu, 2006. 113 p. 

124. Kersti Lilleväli. Gata3 and Gata2 in inner ear development. Tartu, 2007, 
123 p.  



131 

125. Kai Rünk. Comparative ecology of three fern species: Dryopteris carthu-
siana (Vill.) H.P. Fuchs, D. expansa (C. Presl) Fraser-Jenkins & Jermy and 
D. dilatata (Hoffm.) A. Gray (Dryopteridaceae). Tartu, 2007, 143 p.  

126. Aveliina Helm. Formation and persistence of dry grassland diversity: role 
of human history and landscape structure. Tartu, 2007, 89 p.  

127. Leho Tedersoo. Ectomycorrhizal fungi: diversity and community struc-
ture in Estonia, Seychelles and Australia. Tartu, 2007, 233 p.  

128. Marko Mägi. The habitat-related variation of reproductive performance of 
great tits in a deciduous-coniferous forest mosaic: looking for causes and 
consequences. Tartu, 2007, 135 p.  

129. Valeria Lulla. Replication strategies and applications of Semliki Forest 
virus. Tartu, 2007, 109 p.  

130. Ülle Reier. Estonian threatened vascular plant species: causes of rarity and 
conservation. Tartu, 2007, 79 p. 

131. Inga Jüriado. Diversity of lichen species in Estonia: influence of regional 
and local factors. Tartu, 2007, 171 p. 

132. Tatjana Krama. Mobbing behaviour in birds: costs and reciprocity based 
cooperation. Tartu, 2007, 112 p. 

133. Signe Saumaa. The role of DNA mismatch repair and oxidative DNA 
damage defense systems in avoidance of stationary phase mutations in 
Pseudomonas putida. Tartu, 2007, 172 p. 

134. Reedik Mägi. The linkage disequilibrium and the selection of genetic 
markers for association studies in european populations. Tartu, 2007, 96 p.  

135. Priit Kilgas. Blood parameters as indicators of physiological condition 
and skeletal development in great tits (Parus major): natural variation and 
application in the reproductive ecology of birds. Tartu, 2007, 129 p.  

136. Anu Albert. The role of water salinity in structuring eastern Baltic coastal 
fish communities. Tartu, 2007, 95 p.  

137. Kärt Padari. Protein transduction mechanisms of transportans. Tartu, 2008, 
128 p. 

138. Siiri-Lii Sandre. Selective forces on larval colouration in a moth. Tartu, 
2008, 125 p. 

139. Ülle Jõgar. Conservation and restoration of semi-natural floodplain mea-
dows and their rare plant species. Tartu, 2008, 99 p. 

140. Lauri Laanisto. Macroecological approach in vegetation science: gene-
rality of ecological relationships at the global scale. Tartu, 2008, 133 p. 

141. Reidar Andreson. Methods and software for predicting PCR failure rate 
in large genomes. Tartu, 2008, 105 p.  

142. Birgot Paavel. Bio-optical properties of turbid lakes. Tartu, 2008, 175 p. 
143. Kaire Torn. Distribution and ecology of charophytes in the Baltic Sea. 

Tartu, 2008, 98 p.  
144. Vladimir Vimberg. Peptide mediated macrolide resistance. Tartu, 2008, 

190 p. 
145. Daima Örd. Studies on the stress-inducible pseudokinase TRB3, a novel 

inhibitor of transcription factor ATF4. Tartu, 2008, 108 p. 



132 

146. Lauri Saag. Taxonomic and ecologic problems in the genus Lepraria 
(Stereocaulaceae, lichenised Ascomycota). Tartu, 2008, 175 p. 

147. Ulvi Karu. Antioxidant protection, carotenoids and coccidians in green-
finches – assessment of the costs of immune activation and mechanisms of 
parasite resistance in a passerine with carotenoid-based ornaments. Tartu, 
2008, 124 p. 

148. Jaanus Remm. Tree-cavities in forests: density, characteristics and occu-
pancy by animals. Tartu, 2008, 128 p. 

149. Epp Moks. Tapeworm parasites Echinococcus multilocularis and E. gra-
nulosus in Estonia: phylogenetic relationships and occurrence in wild 
carnivores and ungulates. Tartu, 2008, 82 p. 

150. Eve Eensalu. Acclimation of stomatal structure and function in tree ca-
nopy: effect of light and CO2 concentration. Tartu, 2008, 108 p. 

151. Janne Pullat. Design, functionlization and application of an in situ synthe-
sized oligonucleotide microarray. Tartu, 2008, 108 p. 

152. Marta Putrinš. Responses of Pseudomonas putida to phenol-induced 
metabolic and stress signals. Tartu, 2008, 142 p.  

153.  Marina Semtšenko. Plant root behaviour: responses to neighbours and 
physical obstructions. Tartu, 2008, 106 p. 

154. Marge Starast. Influence of cultivation techniques on productivity and 
fruit quality of some Vaccinium and Rubus taxa. Tartu, 2008, 154 p.  

155. Age Tats. Sequence motifs influencing the efficiency of translation. Tartu, 
2009, 104 p. 

156. Radi Tegova. The role of specialized DNA polymerases in mutagenesis in 
Pseudomonas putida. Tartu, 2009, 124 p. 

157. Tsipe Aavik. Plant species richness, composition and functional trait 
pattern in agricultural landscapes – the role of land use intensity and land-
scape structure. Tartu, 2009, 112 p. 

158. Kaja Kiiver. Semliki forest virus based vectors and cell lines for studying 
the replication and interactions of alphaviruses and hepaciviruses. Tartu, 
2009, 104 p. 

159. Meelis Kadaja. Papillomavirus Replication Machinery Induces Genomic 
Instability in its Host Cell. Tartu, 2009, 126 p. 

160. Pille Hallast. Human and chimpanzee Luteinizing hormone/Chorionic 
Gonadotropin beta (LHB/CGB) gene clusters: diversity and divergence of 
young duplicated genes. Tartu, 2009, 168 p. 

161. Ain Vellak. Spatial and temporal aspects of plant species conservation. 
Tartu, 2009, 86 p. 

162. Triinu Remmel. Body size evolution in insects with different colouration 
strategies: the role of predation risk. Tartu, 2009, 168 p. 

163. Jaana Salujõe. Zooplankton as the indicator of ecological quality and fish 
predation in lake ecosystems. Tartu, 2009, 129 p. 

164. Ele Vahtmäe. Mapping benthic habitat with remote sensing in optically 
complex coastal environments. Tartu, 2009, 109 p.  



133 

165. Liisa Metsamaa. Model-based assessment to improve the use of remote 
sensing in recognition and quantitative mapping of cyanobacteria. Tartu, 
2009, 114 p. 

166. Pille Säälik. The role of endocytosis in the protein transduction by cell-
penetrating peptides. Tartu, 2009, 155 p. 

167. Lauri Peil. Ribosome assembly factors in Escherichia coli. Tartu, 2009,  
147 p. 

168. Lea Hallik. Generality and specificity in light harvesting, carbon gain 
capacity and shade tolerance among plant functional groups. Tartu, 2009, 
99 p. 

169. Mariliis Tark. Mutagenic potential of DNA damage repair and tolerance 
mechanisms under starvation stress. Tartu, 2009, 191 p. 

170. Riinu Rannap. Impacts of habitat loss and restoration on amphibian po-
pulations. Tartu, 2009, 117 p. 

171. Maarja Adojaan. Molecular variation of HIV-1 and the use of this know-
ledge in vaccine development. Tartu, 2009, 95 p. 

172. Signe Altmäe. Genomics and transcriptomics of human induced ovarian 
folliculogenesis. Tartu, 2010, 179 p. 

173. Triin Suvi. Mycorrhizal fungi of native and introduced trees in the 
Seychelles Islands. Tartu, 2010, 107 p. 

174. Velda Lauringson. Role of suspension feeding in a brackish-water coastal 
sea. Tartu, 2010, 123 p. 

175. Eero Talts. Photosynthetic cyclic electron transport – measurement and 
variably proton-coupled mechanism. Tartu, 2010, 121 p.  

176. Mari Nelis. Genetic structure of the Estonian population and genetic 
distance from other populations of European descent. Tartu, 2010, 97 p. 

177. Kaarel Krjutškov. Arrayed Primer Extension-2 as a multiplex PCR-based 
method for nucleic acid variation analysis: method and applications. Tartu, 
2010, 129 p. 

178. Egle Köster. Morphological and genetical variation within species comp-
lexes: Anthyllis vulneraria s. l. and Alchemilla vulgaris (coll.). Tartu, 2010, 
101 p. 

179. Erki Õunap. Systematic studies on the subfamily Sterrhinae (Lepidoptera: 
Geometridae). Tartu, 2010, 111 p.  

180. Merike Jõesaar. Diversity of key catabolic genes at degradation of phenol 
and p-cresol in pseudomonads. Tartu, 2010, 125 p. 

181. Kristjan Herkül. Effects of physical disturbance and habitat-modifying 
species on sediment properties and benthic communities in the northern 
Baltic Sea. Tartu, 2010, 123 p. 

182. Arto Pulk. Studies on bacterial ribosomes by chemical modification 
approaches. Tartu, 2010, 161 p. 

183. Maria Põllupüü. Ecological relations of cladocerans in a brackish-water 
ecosystem. Tartu, 2010, 126 p.  

184. Toomas Silla. Study of the segregation mechanism of the Bovine 
Papillomavirus Type 1. Tartu, 2010, 188 p. 



134 

185. Gyaneshwer Chaubey. The demographic history of India: A perspective 
based on genetic evidence. Tartu, 2010, 184 p. 

186. Katrin Kepp. Genes involved in cardiovascular traits: detection of genetic 
variation in Estonian and Czech populations. Tartu, 2010, 164 p. 

187. Virve Sõber. The role of biotic interactions in plant reproductive per-
formance. Tartu, 2010, 92 p. 

188. Kersti Kangro. The response of phytoplankton community to the changes 
in nutrient loading. Tartu, 2010, 144 p. 

189. Joachim M. Gerhold. Replication and Recombination of mitochondrial 
DNA in Yeast. Tartu, 2010, 120 p. 

190. Helen Tammert. Ecological role of physiological and phylogenetic diver-
sity in aquatic bacterial communities. Tartu, 2010, 140 p. 

191. Elle Rajandu. Factors determining plant and lichen species diversity and 
composition in Estonian Calamagrostis and Hepatica site type forests. 
Tartu, 2010, 123 p. 

192. Paula Ann Kivistik. ColR-ColS signalling system and transposition of 
Tn4652 in the adaptation of Pseudomonas putida. Tartu, 2010, 118 p. 

193. Siim Sõber. Blood pressure genetics: from candidate genes to genome-
wide association studies. Tartu, 2011, 120 p. 

194. Kalle Kipper. Studies on the role of helix 69 of 23S rRNA in the factor-
dependent stages of translation initiation, elongation, and termination. 
Tartu, 2011, 178 p. 

195. Triinu Siibak. Effect of antibiotics on ribosome assembly is indirect. 
Tartu, 2011, 134 p. 

196. Tambet Tõnissoo. Identification and molecular analysis of the role of 
guanine nucleotide exchange factor RIC-8 in mouse development and 
neural function. Tartu, 2011, 110 p. 

197. Helin Räägel. Multiple faces of cell-penetrating peptides – their intra-
cellular trafficking, stability and endosomal escape during protein trans-
duction. Tartu, 2011, 161 p.  

198. Andres Jaanus. Phytoplankton in Estonian coastal waters – variability, 
trends and response to environmental pressures. Tartu, 2011, 157 p. 

199. Tiit Nikopensius. Genetic predisposition to nonsyndromic orofacial clefts. 
Tartu, 2011, 152 p. 

200. Signe Värv. Studies on the mechanisms of RNA polymerase II-dependent 
transcription elongation. Tartu, 2011, 108 p. 

201. Kristjan Välk. Gene expression profiling and genome-wide association 
studies of non-small cell lung cancer. Tartu, 2011, 98 p. 

202. Arno Põllumäe. Spatio-temporal patterns of native and invasive zoo-
plankton species under changing climate and eutrophication conditions. 
Tartu, 2011, 153 p. 

203. Egle Tammeleht. Brown bear (Ursus arctos) population structure, demo-
graphic processes and variations in diet in northern Eurasia. Tartu, 2011, 
143 p.  



135 

205. Teele Jairus. Species composition and host preference among ectomy-
corrhizal fungi in Australian and African ecosystems. Tartu, 2011, 106 p.   

206. Kessy Abarenkov. PlutoF – cloud database and computing services 
supporting biological research. Tartu, 2011, 125 p.  

207. Marina Grigorova. Fine-scale genetic variation of follicle-stimulating 
hormone beta-subunit coding gene (FSHB) and its association with repro-
ductive health. Tartu, 2011, 184 p. 

208. Anu Tiitsaar. The effects of predation risk and habitat history on butterfly 
communities. Tartu, 2011, 97 p. 

209. Elin Sild. Oxidative defences in immunoecological context: validation and 
application of assays for nitric oxide production and oxidative burst in a 
wild passerine. Tartu, 2011, 105 p. 

210. Irja Saar. The taxonomy and phylogeny of the genera Cystoderma and 
Cystodermella (Agaricales, Fungi). Tartu, 2012, 167 p. 

211. Pauli Saag. Natural variation in plumage bacterial assemblages in two 
wild breeding passerines. Tartu, 2012, 113 p. 

212. Aleksei Lulla. Alphaviral nonstructural protease and its polyprotein sub-
strate: arrangements for the perfect marriage. Tartu, 2012, 143 p. 

213. Mari Järve. Different genetic perspectives on human history in Europe 
and the Caucasus: the stories told by uniparental and autosomal markers. 
Tartu, 2012, 119 p. 

214. Ott Scheler. The application of tmRNA as a marker molecule in bacterial 
diagnostics using microarray and biosensor technology. Tartu, 2012, 93 p. 

215. Anna Balikova. Studies on the functions of tumor-associated mucin-like 
leukosialin (CD43) in human cancer cells. Tartu, 2012, 129 p. 

216. Triinu Kõressaar. Improvement of PCR primer design for detection of 
prokaryotic species. Tartu, 2012, 83 p. 

217. Tuul Sepp. Hematological health state indices of greenfinches: sources of 
individual variation and responses to immune system manipulation. Tartu, 
2012, 117 p. 

218. Rya Ero. Modifier view of the bacterial ribosome. Tartu, 2012, 146 p. 
219. Mohammad Bahram. Biogeography of ectomycorrhizal fungi across dif-

ferent spatial scales. Tartu, 2012, 165 p. 
220. Annely Lorents. Overcoming the plasma membrane barrier: uptake of 

amphipathic cell-penetrating peptides induces influx of calcium ions and 
downstream responses. Tartu, 2012, 113 p. 

221. Katrin Männik. Exploring the genomics of cognitive impairment: whole-
genome SNP genotyping experience in Estonian patients and general 
population. Tartu, 2012, 171 p. 

222. Marko Prous. Taxonomy and phylogeny of the sawfly genus Empria 
(Hymenoptera, Tenthredinidae). Tartu, 2012, 192 p. 

223. Triinu Visnapuu. Levansucrases encoded in the genome of Pseudomonas 
syringae pv. tomato DC3000: heterologous expression, biochemical 
characterization, mutational analysis and spectrum of polymerization pro-
ducts. Tartu, 2012, 160 p. 



136 

224. Nele Tamberg. Studies on Semliki Forest virus replication and patho-
genesis. Tartu, 2012, 109 p. 

225. Tõnu Esko. Novel applications of SNP array data in the analysis of the ge-
netic structure of Europeans and in genetic association studies. Tartu, 
2012, 149 p. 

226. Timo Arula. Ecology of early life-history stages of herring Clupea haren-
gus membras in the northeastern Baltic Sea. Tartu, 2012, 143 p. 

227. Inga Hiiesalu. Belowground plant diversity and coexistence patterns in 
grassland ecosystems. Tartu, 2012, 130 p. 

228. Kadri Koorem. The influence of abiotic and biotic factors on small-scale 
plant community patterns and regeneration in boreonemoral forest. Tartu, 
2012, 114 p.  

229. Liis Andresen. Regulation of virulence in plant-pathogenic pectobacteria. 
Tartu, 2012, 122 p. 

230. Kaupo Kohv. The direct and indirect effects of management on boreal 
forest structure and field layer vegetation. Tartu, 2012, 124 p. 

231. Mart Jüssi. Living on an edge: landlocked seals in changing climate. 
Tartu, 2012, 114 p. 

232. Riina Klais. Phytoplankton trends in the Baltic Sea. Tartu, 2012, 136 p. 
233. Rauno Veeroja. Effects of winter weather, population density and timing 

of reproduction on life-history traits and population dynamics of moose 
(Alces alces) in Estonia. Tartu, 2012, 92 p.  

234. Marju Keis. Brown bear (Ursus arctos) phylogeography in northern Eura-
sia. Tartu, 2013, 142 p.  

235. Sergei Põlme. Biogeography and ecology of alnus- associated ecto-
mycorrhizal fungi – from regional to global scale. Tartu, 2013, 90 p. 

236. Liis Uusküla. Placental gene expression in normal and complicated 
pregnancy. Tartu, 2013, 173 p. 

237. Marko Lõoke. Studies on DNA replication initiation in Saccharomyces 
cerevisiae. Tartu, 2013, 112 p. 

238. Anne Aan. Light- and nitrogen-use and biomass allocation along pro-
ductivity gradients in multilayer plant communities. Tartu, 2013, 127 p.   

239. Heidi Tamm. Comprehending phylogenetic diversity – case studies in 
three groups of ascomycetes. Tartu, 2013, 136 p.  

240. Liina Kangur. High-Pressure Spectroscopy Study of Chromophore-
Binding Hydrogen Bonds in Light-Harvesting Complexes of Photo-
synthetic Bacteria. Tartu, 2013, 150 p.  

241. Margus Leppik. Substrate specificity of the multisite specific pseudo-
uridine synthase RluD. Tartu, 2013, 111 p. 

242. Lauris Kaplinski. The application of oligonucleotide hybridization model 
for PCR and microarray optimization. Tartu, 2013, 103 p. 

243. Merli Pärnoja. Patterns of macrophyte distribution and productivity in 
coastal ecosystems: effect of abiotic and biotic forcing. Tartu, 2013, 155 p. 

244. Tõnu Margus. Distribution and phylogeny of the bacterial translational 
GTPases and the Mqsr/YgiT regulatory system. Tartu, 2013, 126 p. 



137 

245. Pille Mänd. Light use capacity and carbon and nitrogen budget of plants: 
remote assessment and physiological determinants. Tartu, 2013, 128 p.  

246. Mario Plaas. Animal model of Wolfram Syndrome in mice: behavioural, 
biochemical and psychopharmacological characterization. Tartu, 2013,  
144 p.  

247. Georgi Hudjašov. Maps of mitochondrial DNA, Y-chromosome and tyro-
sinase variation in Eurasian and Oceanian populations. Tartu, 2013,  
115 p. 

248.  Mari Lepik. Plasticity to light in herbaceous plants and its importance for 
community structure and diversity. Tartu, 2013, 102 p. 

249. Ede Leppik. Diversity of lichens in semi-natural habitats of Estonia. 
Tartu, 2013, 151 p.  

250. Ülle Saks. Arbuscular mycorrhizal fungal diversity patterns in boreo-
nemoral forest ecosystems. Tartu, 2013, 151 p.  

251.  Eneli Oitmaa. Development of arrayed primer extension microarray 
assays for molecular diagnostic applications. Tartu, 2013, 147 p. 

252. Jekaterina Jutkina. The horizontal gene pool for aromatics degradation: 
bacterial catabolic plasmids of the Baltic Sea aquatic system. Tartu, 2013, 
121 p. 

253. Helen Vellau. Reaction norms for size and age at maturity in insects: rules 
and exceptions. Tartu, 2014, 132 p.  

254. Randel Kreitsberg. Using biomarkers in assessment of environmental 
contamination in fish – new perspectives. Tartu, 2014, 107 p.  

255. Krista Takkis. Changes in plant species richness and population per-
formance in response to habitat loss and fragmentation.Tartu, 2014, 141 p. 

256. Liina Nagirnaja. Global and fine-scale genetic determinants of recurrent 
pregnancy loss. Tartu, 2014, 211 p.  

257. Triin Triisberg. Factors influencing the re-vegetation of abandoned 
extracted peatlands in Estonia. Tartu, 2014, 133 p. 

258. Villu Soon. A phylogenetic revision of the Chrysis ignita species group 
(Hymenoptera: Chrysididae) with emphasis on the northern European 
fauna. Tartu, 2014, 211 p. 

259. Andrei Nikonov. RNA-Dependent RNA Polymerase Activity as a Basis 
for the Detection of Positive-Strand RNA Viruses by Vertebrate Host 
Cells. Tartu, 2014, 207 p. 

260. Eele Õunapuu-Pikas. Spatio-temporal variability of leaf hydraulic con-
ductance in woody plants: ecophysiological consequences. Tartu, 2014, 
135 p.  

261. Marju Männiste. Physiological ecology of greenfinches: information con-
tent of feathers in relation to immune function and behavior. Tartu, 2014, 
121 p. 

262. Katre Kets. Effects of elevated concentrations of CO2 and O3 on leaf 
photosynthetic parameters in Populus tremuloides: diurnal, seasonal and 
interannual patterns. Tartu, 2014, 115 p. 



138 

263. Külli Lokko. Seasonal and spatial variability of zoopsammon commu-
nities in relation to environmental parameters. Tartu, 2014, 129 p.  

264. Olga Žilina. Chromosomal microarray analysis as diagnostic tool: Esto-
nian experience. Tartu, 2014, 152 p.  

265. Kertu Lõhmus. Colonisation ecology of forest-dwelling vascular plants 
and the conservation value of rural manor parks. Tartu, 2014, 111 p. 

266. Anu Aun. Mitochondria as integral modulators of cellular signaling. Tartu, 
2014, 167 p.  

267. Chandana Basu Mallick. Genetics of adaptive traits and gender-specific 
demographic processes in South Asian populations. Tartu, 2014, 160 p. 

268.  Riin Tamme. The relationship between small-scale environmental hetero-
geneity and plant species diversity. Tartu, 2014, 130 p. 

269. Liina Remm. Impacts of forest drainage on biodiversity and habitat qua-
lity: implications for sustainable management and conservation. Tartu, 
2015, 126 p.  

270. Tiina Talve. Genetic diversity and taxonomy within the genus Rhinanthus. 
Tartu, 2015, 106 p. 

271. Mehis Rohtla. Otolith sclerochronological studies on migrations, spawning 
habitat preferences and age of freshwater fishes inhabiting the Baltic Sea. 
Tartu, 2015, 137 p. 

272. Alexey Reshchikov. The world fauna of the genus Lathrolestes (Hyme-
noptera, Ichneumonidae). Tartu, 2015, 247 p. 

273. Martin Pook. Studies on artificial and extracellular matrix protein-rich 
surfaces as regulators of cell growth and differentiation. Tartu, 2015, 142 p. 

274. Mai Kukumägi. Factors affecting soil respiration and its components in 
silver birch and Norway spruce stands. Tartu, 2015, 155 p. 

275. Helen Karu. Development of ecosystems under human activity in the 
North-East Estonian industrial region: forests on post-mining sites and 
bogs. Tartu, 2015, 152 p. 

276. Hedi Peterson. Exploiting high-throughput data for establishing relation-
ships between genes. Tartu, 2015, 186 p. 

277.  Priit Adler. Analysis and visualisation of large scale microarray data, 
Tartu, 2015, 126 p.  

278.  Aigar Niglas. Effects of environmental factors on gas exchange in deci-
duous trees: focus on photosynthetic water-use efficiency. Tartu, 2015, 
152 p.  

279. Silja Laht. Classification and identification of conopeptides using profile 
hidden Markov models and position-specific scoring matrices. Tartu, 2015, 
100 p. 

280.  Martin Kesler. Biological characteristics and restoration of Atlantic 
salmon Salmo salar populations in the Rivers of Northern Estonia. Tartu, 
2015, 97 p. 

281. Pratyush Kumar Das. Biochemical perspective on alphaviral nonstruc-
tural protein 2: a tale from multiple domains to enzymatic profiling. Tartu, 
2015, 205 p 



139 

282.  Priit Palta. Computational methods for DNA copy number detection. 
Tartu, 2015, 130 p.  

283. Julia Sidorenko. Combating DNA damage and maintenance of genome 
integrity in pseudomonads. Tartu, 2015, 174  p.  

284.  Anastasiia Kovtun-Kante. Charophytes of Estonian inland and coastal 
waters: distribution and environmental preferences. Tartu, 2015, 97 p. 

285. Ly Lindman. The ecology of protected butterfly species in Estonia. Tartu, 
2015, 171 p. 

286. Jaanis Lodjak. Association of Insulin-like Growth Factor I and Corti-
costerone with Nestling Growth and Fledging Success in Wild Passerines. 
Tartu, 2016, 113 p.  

287.  Ann Kraut. Conservation of Wood-Inhabiting Biodiversity – Semi-Natural 
Forests as an Opportunity. Tartu, 2016, 141 p. 

288. Tiit Örd. Functions and regulation of the mammalian pseudokinase TRIB3. 
Tartu, 2016, 182. p. 

289. Kairi Käiro. Biological Quality According to Macroinvertebrates in 
Streams of Estonia (Baltic Ecoregion of Europe): Effects of Human-induced 
Hydromorphological Changes. Tartu, 2016, 126 p. 

290.  Leidi Laurimaa. Echinococcus multilocularis and other zoonotic parasites 
in Estonian canids. Tartu, 2016, 144 p. 

291. Helerin Margus. Characterization of cell-penetrating peptide/nucleic acid 
nanocomplexes and their cell-entry mechanisms. Tartu, 2016, 173 p. 

292. Kadri Runnel. Fungal targets and tools for forest conservation. Tartu, 
2016, 157 p.  

293. Urmo Võsa. MicroRNAs in disease and health: aberrant regulation in lung 
cancer and association with genomic variation. Tartu, 2016, 163 p.  

294.  Kristina Mäemets-Allas. Studies on cell growth promoting AKT signa-
ling pathway – a promising anti-cancer drug target. Tartu, 2016, 146 p. 

295. Janeli Viil. Studies on cellular and molecular mechanisms that drive 
normal and regenerative processes in the liver and pathological processes 
in Dupuytren’s contracture. Tartu, 2016, 175 p. 

296. Ene Kook. Genetic diversity and evolution of Pulmonaria angustifolia L. 
and Myosotis laxa sensu lato (Boraginaceae). Tartu, 2016, 106 p. 

297. Kadri Peil. RNA polymerase II-dependent transcription elongation in 
Saccharomyces cerevisiae. Tartu, 2016, 113 p.  

298. Katrin Ruisu. The role of RIC8A in mouse development and its function 
in cell-matrix adhesion and actin cytoskeletal organisation. Tartu, 2016, 
129 p.   

299. Janely Pae. Translocation of cell-penetrating peptides across biological 
membranes and interactions with plasma membrane constituents. Tartu, 
2016, 126 p.   

300. Argo Ronk. Plant diversity patterns across Europe: observed and dark 
diversity. Tartu, 2016, 153 p. 



140 

301. Kristiina Mark. Diversification and species delimitation of lichenized 
fungi in selected groups of the family Parmeliaceae (Ascomycota). Tartu, 
2016, 181 p. 

302. Jaak-Albert Metsoja. Vegetation dynamics in floodplain meadows: 
influence of mowing and sediment application. Tartu, 2016, 140 p. 

303. Hedvig Tamman. The GraTA toxin-antitoxin system of Pseudomonas 
putida: regulation and role in stress tolerance. Tartu, 2016, 154 p. 

304. Kadri Pärtel. Application of ultrastructural and molecular data in the 
taxonomy of helotialean fungi. Tartu, 2016, 183 p. 

305. Maris Hindrikson. Grey wolf (Canis lupus) populations in Estonia and 
Europe: genetic diversity, population structure and -processes, and hybridi-
zation between wolves and dogs. Tartu, 2016, 121 p. 

306. Polina Degtjarenko. Impacts of alkaline dust pollution on biodiversity of 
plants and lichens: from communities to genetic diversity. Tartu, 2016,  
126 p. 

307.  Liina Pajusalu. The effect of CO2 enrichment on net photosynthesis of 
macrophytes in a brackish water environment. Tartu, 2016, 126 p.  

308. Stoyan Tankov. Random walks in the stringent response. Tartu, 2016,  
94 p. 

309.  Liis Leitsalu. Communicating genomic research results to population-
based biobank participants. Tartu, 2016, 158 p. 

310. Richard Meitern. Redox physiology of wild birds: validation and appli-
cation of techniques for detecting oxidative stress. Tartu, 2016, 134 p. 

311. Kaie Lokk. Comparative genome-wide DNA methylation studies of healthy 
human tissues and non-small cell lung cancer tissue. Tartu, 2016, 127 p. 

312. Mihhail Kurašin. Processivity of cellulases and chitinases. Tartu, 2017, 
132 p. 

313. Carmen Tali. Scavenger receptors as a target for nucleic acid delivery 
with peptide vectors. Tartu, 2017, 155 p. 

314. Katarina Oganjan. Distribution, feeding and habitat of benthic sus-
pension feeders in a shallow coastal sea. Tartu, 2017, 132 p. 

315.  Taavi Paal. Immigration limitation of forest plants into wooded landscape 
corridors. Tartu, 2017, 145 p.  

316. Kadri Õunap. The Williams-Beuren syndrome chromosome region protein 
WBSCR22 is a ribosome biogenesis factor. Tartu, 2017, 135 p. 

317.  Riin Tamm. In-depth analysis of factors affecting variability in thiopurine 
methyltransferase activity. Tartu, 2017, 170 p. 

318.  Keiu Kask. The role of RIC8A in the development and regulation of mouse 
nervous system. Tartu, 2017, 184 p. 

319.  Tiia Möller.  Mapping and modelling of the spatial distribution of benthic 
macrovegetation in the NE Baltic Sea with a special focus on the eelgrass 
Zostera marina Linnaeus, 1753. Tartu, 2017, 162 p. 

320. Silva Kasela. Genetic regulation of gene expression: detection of tissue- 
and cell type-specific effects. Tartu, 2017, 150 p. 



321. Karmen Süld. Food habits, parasites and space use of the raccoon dog 
Nyctereutes procyonoides: the role of an alien species as a predator and 
vector of zoonotic diseases in Estonia. Tartu, 2017, 141 p. 


	Paper_I_mv.pdf
	Paper I.pdf
	Winter severity or supplementary feeding—which matters more for wild boar?
	Abstract
	Introduction
	Materials and methods
	Study area
	Data and statistical analysis

	Results
	Discussion
	References



	Paper IV.pdf
	Paper IV.pdf
	How does supplementary feeding affect endoparasite infection in wild boar?
	Abstract
	Introduction
	Materials and methods
	Study area
	Sample collection and laboratory analyses
	Data analysis

	Results
	Parasite oocysts/eggs in faeces
	Helminth eggs in soil

	Discussion
	References



	Paper I.pdf
	Paper I.pdf
	Winter severity or supplementary feeding—which matters more for wild boar?
	Abstract
	Introduction
	Materials and methods
	Study area
	Data and statistical analysis

	Results
	Discussion
	References



	Paper IV.pdf
	Paper IV.pdf
	How does supplementary feeding affect endoparasite infection in wild boar?
	Abstract
	Introduction
	Materials and methods
	Study area
	Sample collection and laboratory analyses
	Data analysis

	Results
	Parasite oocysts/eggs in faeces
	Helminth eggs in soil

	Discussion
	References






