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1.	I ntroduction 

Predation is a major evolutionary and ecological process shaping prey behaviour, decision 
making and population dynamics (Lima and Dill 1990, Abrams 2000, Caro 2005). The 
importance of strategies used by individuals to avoid predation, and the consequences 
of these behaviours in producing community structure, has been extensively studied 
(Lima and Dill 1990, Schmitz et al. 1997, Lima 2009). In addition, competition among 
individuals of the same or different species has important implications for the life of 
an animal. Competition may result in a reduction of growth, survival, and reproduction 
for at least some of the competitors due to limited resource supply or to aggressive 
interactions that may even lead to death (Charnov et al. 1976, Schoener 1983, Fernandez 
et al. 1998, Eccard and Ylönen 2007, Watts and Holekamp 2008). Furthermore, predation 
may also occur among competitors that share similar resources; this is defined as intra-
guild predation (IGP; Polis et al. 1989, Polis and Holt 1992) and has great consequences 
not only for the life of the individual but also for all the species directly or indirectly 
involved (Ritchie and Johnson 2009). 

A direct predation event generally results in the death of the prey (i.e. lethal effects) 
and, through the active reduction of prey numbers, it may influence prey population 
dynamics. This may lead to cascading effects to trophic levels below, for example on 
the prey’s own resources. The cascading effects that predation has on species abundance 
at several trophic levels is termed a trophic cascade (Pace et al. 1999, Polis et al. 2000). 
Therefore, in a natural environment, top predators will reduce the abundance of smaller 
predators (mesopredators) through intraguild predation (Ritchie and Johnson 2009), 
which in turn will affect not only their prey population but, indirectly, also the abundance 
of resources (plants or smaller animals) consumed by prey. 

Predators may however greatly affect behaviour, sociality and reproductive success of 
prey through the so called non-lethal effects of predation; by simply being perceived 
by prey (Lima and Dill 1990, Lima 1998, Caro 2005, Cresswell 2008). Variation in 
prey behaviour as a response to perceived predation risk may have implications to the 
animal community structure (Schmitz et al. 1997, Preisser et al. 2005), since changes in 
prey habitat selection or foraging pattern will probably affect the distribution of prey’s 
resources. Behaviourally mediated trophic cascades have been shown in invertebrates: 
for example, grasshoppers modify their foraging behaviour according with the perceived 
risk from spiders, thus indirectly affecting grass biomass (Schmitz et al. 1997). Therefore, 
perceived predation risk may not only strongly influence individual behaviour but can 
also influence prey populations as much as the direct predation.
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1.1	 Predation risk

Animals breeding under high predation risk might reduce reproductive investment 
(Doligez and Clobert 2003, Cresswell 2008, Sheriff et al. 2009, Zanette et al. 2011) 
and produce offspring of lower quality (Scheuerlein and Gwinner 2006, Sheriff et al. 
2009, Coslovsky and Richner 2011a) compared to animals breeding in areas of low 
predation risk. To reduce the costs of predation, animals can adopt several antipredator 
strategies, thus decreasing the probability of predator encounter (Lima and Dill 1990, 
Lima 1998, Caro 2005). These behaviours include high vigilance towards predator 
presence, decreased activity and changes in activity time. However this results in a 
trade-off between time invested in antipredator behaviours and other important activities 
linked to survival and individual maintenance, like foraging (Lima and Bednekoff 1999). 
Individuals adopting antipredator strategies may pay costs both in terms of reduced 
energy intake (van der Veen and Sivars 2000, Pérez-Tris et al. 2004) and of lower body 
condition with consequent low fitness (Boonstra et al. 1998, Persons et al. 2002). 

Predation risk will not be constant, but will vary temporally. Predator activity may 
increase at a certain time of the day or may vary according to breeding season or time 
of the year (Heithaus and Dill 2002, Mukherjee et al. 2009, Kotler et al. 2010). When 
predation risk varies in time, an animal should optimize the allocation of antipredator 
behaviours versus the time spent in foraging, mating and parental care. This temporal 
optimization of the behaviour depending on variable perceived risk is known as the 
“risk allocation hypothesis” (Lima and Bednekoff 1999). This hypothesis suggests that 
animals under high short term predation risk will strongly respond to predator presence, 
whereas under a prolonged high predation risk animals will optimize the time spent in 
vigilance and the time allocated in other activities. For example, female elk (Cervus 
elaphus) living in areas where wolves (Canis lupus) are present exhibit lower vigilance, 
after a direct encounter with wolves, compared to elks living in wolf-free sites (Creel 
et al. 2008). Similarly, pied flycatchers (Ficedula hypoleuca) living in close proximity 
to sparrowhawk (Accipiter nisus) nests are faster in resuming nestling feeding, after a 
direct predator encounter, than parents breeding far from the hawk nest (Thomson et al. 
2011). 

Predation risk will also vary spatially. The distribution of predators, their behaviour, 
territoriality and mobility will influence the spatial distribution of risk. When predators 
move in the landscape actively searching for food, prey will constantly need to adjust 
their behaviour and vigilance in response to the changing levels of predation risk. The 
animals will therefore be living in a landscape with differing degrees of risk or fear of 
predation: a “landscape of fear” (Brown et al. 1999, Laundré et al. 2001). When different 
predator species with variable hunting strategies coexist in the environment, prey will 
modify their space use by avoiding both the area where different predators are common 
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and those where there is higher probability of attack due to the habitat structure (Thaker 
et al. 2011). When instead the predator is a central-place forager for a given time, the 
predation risk will be more localized to the vicinity of the predator nest; therefore the 
risk in that territory will be more predictable. This has been defined as the “predation 
risk landscape”, where prey settle after their predator and can use information related 
to predator location to optimise the level of predation risk experienced during their 
breeding (Thomson et al. 2006). 

During breeding the cost of perceived predation risk can be particularly high because it 
affects not only adults but also their offspring. But most animals breed multiple times. 
Animals should allocate energy in the current breeding attempt at a level that would 
maximise their lifetime reproductive success. Reduced investment in the current breeding 
attempt could be a result of the trade-off between current and future reproductive output. 
Animals breeding under high predation risk can have low reproductive success and 
fitness due to either reduced number of eggs or offspring (Doligez and Clobert 2003, 
Eggers et al. 2006, Thomson et al. 2006, Martin and Briskie 2009, Travers et al. 2010), 
or because of low survival of the young (Martin and Briskie 2009, Zanette et al. 2011). 
Therefore, parents might invest less in the current brood, if they have a good probability 
of survival to the next breeding attempt, to preserve energy that can be allocated in a 
future brood (Clutton-Brock 1991). 

Low breeding success could also be a consequence of physiological stress experienced 
by the mother due to predator presence. Previous studies have shown that stressed 
mothers might differently allocate hormones and immune factors in the eggs or in the 
embryo (McCormick 1998, Scheuerlein et al. 2001, Bian et al. 2005, Saino et al. 2005). 
The allocation of different levels of these factors might have negative implications for 
the growth of the young (Bian et al. 2005, Saino et al. 2005, Scheuerlein and Gwinner 
2006) and reduce the immune response (Coslovsky and Richner 2011b), both of which 
can lead to high offspring mortality. 

To reduce the risk of nest and adult predation, animals modify their behaviour during the 
breeding period (Caro 2005, Martin and Briskie 2009). In birds the strategies adopted 
differ depending on the phase of the breeding, starting from the selection of the habitat 
and nest-site (Lima 2009) to a reduction in parental activity both during the incubation 
and the care of the young (Ghalambor and Martin 2000, Martin et al. 2000, Fontaine and 
Martin 2006a, Peluc et al. 2008, Kovařik and Pavel 2011). 

1.2	 Habitat selection and perceived predation risk

Territory location decisions of animals seem to be based on direct and indirect sources 
of information. Choices are based partly on direct environmental cues such as resource 
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availability and presence of enemies. However information gathered indirectly from 
other individuals of the same or different species appears to be used too (Valone and 
Templeton 2002, Doligez et al. 2003, Seppänen et al. 2007). Public information, gathered 
by observing the behaviour and reproductive success of other individuals, indirectly 
reflects the quality of the environmental resources and can be used during foraging 
and breeding habitat choices (Valone and Templeton 2002). For example, collared 
flycatcher (Ficedula albicollis) choose the breeding sites according with information on 
reproductive success gathered during the previous breeding season via prospecting (i.e. 
visiting) neighbouring nests (Pärt and Doligez 2003). 

In addition, previous studies have shown that the use of public information occurs 
also among individual of different species. For example, migratory birds choose their 
breeding territories depending on the location or densities of resident species (Thomson 
et al. 2003, Seppänen and Forsman 2007) and can have higher reproductive investment 
and success when breeding in vicinity of their potential competitors (Forsman et al. 
2002). 

When choosing the breeding territory, information about predator presence will be crucial. 
Selecting a safe breeding site should reduce the probability of a direct predator encounter 
and of nest detection, increasing thus fitness (Fontaine and Martin 2006b, Lima 2009). 
Information regarding ambient predation risk is likely included within the cue using of 
conspecific and heterospecific density. Warning calls of both con- and heterospecifics 
already settled in the area can be a valuable source of information on predator presence, 
type and location (Zuberbühler et al. 1997, Rainey et al. 2004, Schmidt et al. 2008, 
Magrath et al. 2009). In addition animals can also collect information on the predation 
risk in the area directly from the predator, for example through predator’s territorial 
calls (Templeton et al. 2005, Adams et al. 2006, Thomson et al. 2006, Mönkkönen et al. 
2007), or through indirect predator cues, like scent or scats (Amo et al. 2008, Roth et al. 
2008, Mönkkönen et al. 2009). 

1.2.1	Habitat selection during interspecific interactions: competition, 
intraguild predation, and protective nesting associations. 

Spatial segregation from predators can be crucial, because species breeding or foraging 
far from a predator will have reduced probability of direct encounter with it (Lima and 
Dill 1990). For example, birds will occupy more often sites without predators and, in 
these sites, will have overall a higher reproductive investment (Fontaine and Martin 
2006a, b). In addition, birds breeding at larger distance from predators will have higher 
reproductive success and reduced stress (Thomson et al. 2006, Thomson et al. 2010). 
Also individuals of the same or of different species, that compete for similar resources, 
might benefit from reciprocal avoidance and spatial segregation to reduce competition 
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costs, which may lead to reduced fitness (Ziv et al. 1993, Fernandez et al. 1998, Wilkin 
et al. 2006). 

The killing and eating among competitor species is defined as intraguild predation 
(IGP; Polis and Holt 1992, Sergio and Hiraldo 2008). Alternatively, if species are both 
predators but do not compete for the same prey the interaction is defined as food chain 
omnivory (Aunapuu et al. 2010). Individuals of species involved in intraguild predation 
interactions will therefore have to face fitness consequences not only of predation 
risk (especially for the IGPrey) but also the costs of competition (for all the species 
involved). Therefore, the antipredator behaviours adopted by IGPrey will probably be 
particularly exacerbated to avoid not only the predator but also to reduce both exploitative 
and interference competition. Spatial segregation between individuals can be vital to 
reduce the costs of coexistence when intraguild predation occurs. Previous studies have 
shown that IGPrey avoid to breed and forage in the vicinity of IGPredators territories 
(Hakkarainen and Korpimäki 1996, Heithaus and Dill 2002, Sergio et al. 2003, Sergio 
et al. 2007) and might modify their activity pattern and hunting strategies to reduce the 
probability of encountering the IGPredators (St-Pierre et al. 2006, Sergio et al. 2007, 
Zuberogoitia et al. 2008).

Some species might benefit from the intraguild predation and interference competition 
existing among other species. In protective nesting associations, prey can select 
territories near large predators (top predators), that usually prey upon other smaller 
dangerous species (mesopredators), to reduce their own predation risk (Bêty et al. 
2001, Quinn et al. 2003, Quinn and Ueta 2008). Protective nesting associations may 
also occur where the protector species is not a top predator but is a species with intense 
nest defence behaviour, with consequent low predation risk in the surrounding of their 
nests (Norrdahl et al. 1995, Bogliani et al. 1999, Quinn and Ueta 2008). In these nesting 
associations the “protected” species will benefit from a reduced predation risk around 
the site because predators species will not be frequent in this area, either due to direct 
intraguild predation (Ritchie and Johnson 2009) or because of changes in the behaviour 
of smaller predators that avoid larger species (St-Pierre et al. 2006, Sergio et al. 2007, 
Mukherjee et al. 2009). 

Close association with a top predator may also entail costs for prey. Costs may originate if 
the protector species occasionally predates also upon the species that is gaining protection 
(Norrdahl et al. 1995, Larsen and Grundetjern 1997). If the protector species constitute a 
risk for the protected species, either due to aggression or predation, the protected species 
might settle at a distance from the predator nest where the benefits exceed the costs. In 
predator-prey systems it has been observed that prey can select a territory at an optimal 
distance (not too close and not too far) from their predators where the costs (predation 
risk) and benefits (protection) are in balance (Quinn and Kokorev 2002, Thomson et al. 



12	 Introduction	

2006). This seems to occur also in some protective nesting associations. For example, 
red-breasted geese (Branta ruficollis) associate with peregrine falcons (Falco peregrinus) 
to reduce the predation risk from arctic foxes (Vulpes lagopus). However, due to high 
frequency of attacks from the falcons, geese settle at an optimal distance that allows to 
benefit from the nest defence of falcons versus foxes but without paying too high costs 
for frequent attacks (Quinn and Kokorev 2002). When the costs of protective nesting 
association are elevated, individuals will select breeding sites close to protective species 
only when the benefits of such associations exceed the costs, for example when predation 
risk is high (Haemig 1999). 

1.2.2	 Multiple predators 

Natural environments are characterized by a multitude of different predators sharing 
the same habitat. For prey, it will be vital to cue on the multitude of predators and even 
identify different predators. This is especially important since behaviours evolved to 
avoid a certain predators could either increase or decrease the risk represented by other 
predators in the same habitat (Lima 1992, Sih et al. 1998). Some predators might take 
advantage of behavioural changes that prey adopt to avoid other predators species in 
the area, so called “predator facilitation”. For example gerbils in captivity are more 
exposed to risk of predation by owls, when snakes are also present in the environment. 
Gerbils avoid dense structurally complex patches where snakes are more active, thereby 
increasing their exposure to owls in open areas (Kotler et al. 1992). 

Previous studies have shown that animals can indeed distinguish between different 
predators and behave according to predator presence. Primates in captivity can respond 
uniquely to playbacks of different predators (Zuberbühler et al. 1997), while passerines 
in aviaries can recognize several predators species depending on their size and can adopt 
different alarming calls according to the danger they represent (Templeton et al. 2005). 
In addition, prey behavioural responses to multiple predators vary according to the 
predator species detected (Kotler et al. 1992, Korpimäki et al. 1996, Van Buskirk 2001, 
Botham et al. 2006, Eccard et al. 2008). When different predators are present in the area 
simultaneously, animals will have to adopt behavioural strategies that reduce the overall 
risk of predation. These trade-off behaviours may be imperfect for individual predators 
but help to optimise the predator facilitation effect, from different types of predator. 
For example, mountain log skink (Pseudemoia entrecasteauxii) show a predator-specific 
behaviour when in the presence of different predators that are visible one at the time. 
However when there are simultaneously two predators, with different hunting strategies 
(Preisser et al. 2007), these lizards will adopt a non-specific antipredator behaviour: a 
reduction of the overall activity (Stapley 2004). 
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At a landscape level, when different predator species with variable hunting strategies 
coexist in the environment, prey will modify their space use while trying to reduce both 
the risk of direct encounter and the risk of being killed (Willems and Hill 2009, Thaker et 
al. 2011). For example several African ungulate species avoid both areas where different 
predator species are common, especially sit-and-pursue predators that are easier to 
locate, and areas that are dangerous due to the habitat structure (Thaker et al. 2011).

1.3	 Parental investment and care under predation risk

Parental care is vital for successful reproduction in numerous species. Increased 
investment in care should produce better quality offspring with greatest chances of 
survival. However, parental care also entails substantial costs to parents. Therefore, 
species parental care strategies have evolved as a result of the trade-offs between fitness 
costs and benefits of care provision (Montgomerie and Weatherhead 1988, Clutton-Brock 
1991, Klug and Bonsall 2010). Parental care can be divided between the care given to the 
eggs and the care given to the young. The relative costs and benefits of care giving vary 
according to the quality of the brood, which can affect the future reproductive success 
of the parents (Montgomerie and Weatherhead 1988, Clutton-Brock 1991, Klug and 
Bonsall 2010), but depends also on the probability for the adult to survive to a future 
reproductive attempt (Clutton-Brock 1991).

The quality of the brood depends, along with other factors, on clutch and brood size and 
on the probability of survival of the offspring. Clutch size in birds has been hypothesized 
to depend on the maximum number of chicks that the parents can feed until fledgling 
(Lack 1947, Klomp 1970), and will therefore be dependent on the availability of food in 
the breeding territory (Högstedt 1980). Along with food availability also predation has 
been suggested as one of the main forces determining clutch size (Lima 1987, Martin 
1995). Indeed, birds breeding under high predation risk have shown reduction in clutch 
size in response to the perceived risk (Eggers et al. 2006, Thomson et al. 2006).

1.3.1	 Maternal allocation in eggs

Parents can increase the probability of offspring survival before hatching through 
differential maternal allocation in eggs (Mousseau and Fox 1998). During egg formation 
the mother allocates not only nutrients necessary for the development of the embryo, 
but can also transfer immune factors, hormones and carotenoids which might influence 
survival, development and future reproductive success of the offspring (Saino et al. 2002, 
Grindstaff et al. 2003, Hargitai et al. 2006, Gil 2008, Hasselquist and Nilsson 2009). 

The allocation of immunoglobulin in eggs can increase the resistance to parasites in 
nestlings (Grindstaff et al. 2003), whereas high carotenoid levels in eggs might reduce 
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the amount of free radicals and oxidative stress (Blount et al. 2002, Török et al. 2007). 
The allocation of hormones has both costs and benefits for the offspring. The benefits 
of hormone allocation include faster growth, larger body masses and increased begging 
behaviour and survival. However higher levels of androgen hormones might also 
suppress immune activity, which might in turn reduce offspring survival when breeding 
in low food condition or in the presence of high density of parasites (Gil 2008). 

Maternal investment partly depends on stimuli gathered before laying, at the time of 
egg formation (Mousseau and Fox 1998). Therefore, during nest building phase and 
egg formation, females might collect information from the environment and allocate 
differential levels of hormones, immune factors and carotenoids accordingly. Females 
breeding in stressful conditions, such as in high conspecific densities or under predation 
risk, can transfer different levels of immune factors and hormones to eggs, either 
adaptively, to increase the fitness of the offspring, or simply as a consequence of the 
level circulating in their own blood (Saino et al. 2005, Hargitai et al. 2009). Previous 
studies have shown that females exposed to predation risk during egg formation produce 
larger eggs with higher levels of cortisol (Giesing et al. 2011) or corticosterone (Saino 
et al. 2005). In addition, mothers that have been exposed to high predation risk will 
produce offspring with lower immune activity (Coslovsky and Richner 2011b), lower 
body growth (Coslovsky and Richner 2011a) and that may exhibit stronger antipredator 
behaviours (Storm and Lima 2010, Giesing et al. 2011). 

1.3.2	Minimizing risk at the nest 

Nest predation is attributed as the main cause of nest failures in many species of birds, 
which has promoted the evolution of a variety of behavioural strategies to minimise nest 
predation risk (Martin 1993, Martin and Briskie 2009). Parents can actively defend their 
nest by alarming and attacking predators, but this active nest defence has great costs 
due to the risk of predation for the parent itself, and can be used only when the predator 
is already in a close proximity to the nest (Caro 2005). Parents can also adopt passive 
antipredator strategies aimed at decreasing the probability of nest detection, reducing 
so both nest and adult predation risk (Caro 2005). When breeding in area of high nest 
predation risk, a common antipredator strategy is to reduce the activity at the nest during 
all phases of breeding (Martin et al. 2000, Chalfoun and Martin 2010). 

In species with uni-parental incubation, the incubating parent, which is generally the 
female, invests a lot of energy to incubate eggs at an optimal temperature. This energetic 
investment is in addition to the cost in terms of loss of self-foraging time (Conway and 
Martin 2000a). To reduce the energetic costs of incubation, the non-incubating parent, 
generally the male, may provide food to the female via incubation feeding. This behaviour 
has been shown to reduce the self-feeding trips of the incubating parent (Lifjeld and 
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Slagsvold 1986), therefore increasing the probability that the eggs will be maintained at 
an optimal temperature, and increasing hatching success. 

When breeding under high predation risk males seem to reduce the number of feeding 
trips, probably to reduce the probability of nest detection (Martin and Ghalambor 1999). 
In addition, several studies have shown that incubating females perceiving high risk 
might reduce the number of trip to and from the nest, while prolonging the time spent 
incubating in each trip (on-bout duration) (Conway and Martin 2000b, Ghalambor and 
Martin 2002, Kovařik and Pavel 2011), so reducing the activity around the nest. Similar 
behavioural adaptations of incubation behaviours occur also after a failure of the first 
breeding attempt due to predation (Chalfoun and Martin 2010). Also during the care 
of the young the parents can reduce the activity at the nest to reduce the predation risk 
for both the nestlings and themselves (Martin et al. 2000, Fontaine and Martin 2006a, 
Thomson et al. 2011).

1.4	 Aim of the thesis

Predation can negatively impact the life of animals not only via the direct death of a 
certain individual, but also through non-lethal effects caused by the perceived risk, 
which may lead to decreased reproductive success and increased physiological stress. In 
this thesis I am investigating the antipredator behaviours adopted by parents to reduce 
both adult and nest predation risk in both avian prey and predators. Although there is a 
vast literature on antipredator strategies, and on their costs and benefits, the majority of 
the studies are conducted in captivity or by studying the response to short high pulses 
of predation, which can exacerbate the behaviour observed. In this thesis I studied the 
response of breeding birds to naturally occurring predation risk (I,II,III,IV), or where 
the perception of predation risk was experimentally manipulated for several days, 
through either predator cues (IV) or using special nest-boxes that allowed to increase 
both parental perception of risk (V) and actual predation rate (II). 

The thesis is organized in a hierarchical approach following the breeding phases of 
birds, going from the choice of a safe breeding territory to changes in parental care to 
reduce predation risk. In the first three chapters of the thesis I study the habitat selection, 
reproductive success and survival of both prey and predators depending on competitive 
and predatory interactions occurring in boreal forests. I especially focused on the spatial 
segregation occurring as a consequence of intra- and interspecific competition and 
intraguild predation among two owls species (I), the interactions between passerines, 
meso- and top predators during breeding and their consequences on passerine nests 
survival (II) and finally on the habitat choice of passerines when multiple adult predators 
are settled in the area (III). 
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Once the territory has been selected a breeding pair will invest in reproduction through 
egg laying, incubation and care of the young, and in all these phases the perceived 
predation risk will have a great impact on the fitness. From this perspective I investigated 
how a passerine deals with the risk after settlement and in particular on how females 
exposed to risk during nest building and egg laying vary their maternal allocation in eggs 
(IV) and how parents modify their incubation behaviour under experimentally increased 
perception of risk (V).

In the first chapter I investigated the spatial settlement of pygmy owls (Glaucidium 
passerinum) depending on habitat structure and on the overall density of neighbouring 
nests of both conspecifics and of Tengmalm’s owls (Aegolius funereus) (I). I hypothesized 
that pygmy owls will avoid to breed at high densities of both conspecifics and intraguild 
predators (IGP) to reduce the costs of food and territorial competition and predation risk. 
In addition, the presence of high density of both con- and heterospecifics should cause a 
reduction in the breeding success of pygmy owls.

After studying the direct interactions within the predator guild, I investigated if intraguild 
predation could indirectly affect survival of passerines. I wanted to see if pied flycatchers 
(Ficedula hypoleuca) would actively seek protection from a top predator, the Ural 
owl (Strix uralensis) against small mesopredators that are both common predators of 
passerines nests and prey of Ural owls (II). If Ural owls reduce densities of mesopredators 
in their territories through intraguild predation, this should indirectly weaken the 
predation pressure on passerines nests. However protective nesting associations could 
also be beneficial for small mesopredators; breeding at an optimal distance from a large 
predator could indeed potentially reduce predation risk of mesopredators from other 
larger predators which represent a higher danger for them. Through the study of pied 
flycatcher habitat selection and nest predation rate I aim to differentiate between the two 
possible protective nesting associations (II). 

Several different predators can therefore coexist in the same environment and their 
spatial distribution depends on both competition and predation risk. The presence of 
different predators in the area will increase the predation risk for the prey, especially 
since antipredator behaviours that are effective against a certain predatory species 
might not be effective in the presence of others. I investigated the spatial settlement 
and reproductive success of pied flycatchers breeding in patches with nests of either 
pygmy owls or Tengmalm’s owls and respective controls (III). I hypothesized that pied 
flycatchers will first settle in sites without predators and then settle close to the less 
dangerous predators. In addition, the perceived risk due to owl presence in the sites 
should results in lower reproductive investment.

Breeding in sites under high predation risk might induce physiological stress, which 
will cause a reduction in animal reproductive success. Therefore females breeding under 
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highly stressful conditions might be able to allocate differentially in eggs to increase 
the probability of survival of the chicks. I analyzed the levels of immune factors and 
carotenoids in pied flycatcher eggs laid under both naturally occurring and experimentally 
increased high predation risk and in respective controls (IV). I hypothesized that females 
will allocate higher levels of immune factors in eggs as an adaptation to the perceived 
predation risk to increase the probability of offspring survival.

Finally, the presence of predators in the breeding environment will also affect parental 
care. Parental presence at the nest might increase the probability of nest detection by 
predators. In this study I use an innovative methodology that allows me to study the 
behavioural response of pied flycatcher parents when the perception of risk, and the nest 
susceptibility to predation, is constantly high (V). I expect both parents to reduce the 
time spent at the nest and to increase the vigilance at the nest while incubating to reduce 
both female’s and eggs’ predation risk.
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2.	 Methods

2.1	 Study species and systems

The pied flycatcher (Ficedula hypoleuca) is a migratory passerine that arrives in Finland 
in mid-May for breeding. Early arriving flycatchers are generally in good body condition, 
settle first in high quality patches and have higher reproductive success (Lundberg and 
Alatalo 1992). Pied flycatchers breed in cavities, either in natural cavities or nest boxes, 
and predation rate in natural nests is higher than in nest-boxes. Clutches average between 
5 to 8 eggs and only females incubate, generally for thirteen days, whereas the care of 
the young is bi-parental and last in average fifteen days (Lundberg and Alatalo 1992).

The pygmy owl (Glaucidium passerinum) is a forest-dwelling species, and is the 
smallest owl in Europe. The hunting strategy is flexible, characterized by the ability of 
both hunt while flying and the use of a sit-and-wait strategy (Kullberg 1995). Pygmy 
owls are diurnal, with activity peaks at dusk and dawn (Kullberg 1995), and their home 
range is on average 1.5 km2 (range 0.2-4.0 km2; Strøm and Sonerud 2001). In Finland 
the breeding phase generally starts from late March to early May (Lehikoinen et al. 
2011). The diet of pygmy owls consists of vole species (Microtus and Myodes spp.) and 
passerine birds. The proportion of birds in the diet can be relatively large, especially 
during the poor vole years (25% - 80 % of diet; of which 1.8% are pied flycatchers; 
Kellomäki 1977, Kullberg 1995). 

The Tengmalm’s owl (Aegolius funereus) is a small forest-dwelling owl species. It is 
mainly nocturnal (Korpimäki 1981) and utilizes a sit-and-wait hunting strategy (Bye et 
al. 1992). Tengmalm’s owl diet mainly consists of voles (both Microtus spp. and Myodes 
spp.), which in North Europe follow high-amplitude (50-200 fold) 3-year cycles with 
sequential low, increasing and decreasing densities (Korpimäki et al. 2005). During low 
vole years Tengmalm’s owls hunt also birds but in small proportion (20 % - 36 %; 0.1% 
are pied flycatchers; Korpimäki 1988). Tengmalm’s owl males start hooting already 
in February, which is followed by nest site choice from March to April, after which 
mostly unpaired males hoot (Korpimäki 1981). The home range of hunting Tengmalm’s 
owls male during breeding season is 1.5 km2 in the increasing phase and 2.3 km2 in 
decreasing phase of the vole cycle (Korpimäki and Hakkarainen 2012, Santangeli et al. 
2012). Previous studies indicate that Tengmalm’s owls sometimes predate upon pygmy 
owls since their remains have been found in the diet of Tengmalm’s owls (Korpimäki 
and Hakkarainen 2012). In addition, Tengmalm’s owls also seem to decrease the hunting 
success of neighbouring pygmy owls in late autumn and winter, probably due to food 
competition and predation risk (Suhonen et al. 2007). 
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The Ural owl (Strix uralensis) is a large boreal forest-dwelling species that mainly prey 
upon two Microtus species (the field vole M. agrestis and the sibling vole M. levis) and 
bank voles (Myodes glareolus). In low voles years their diet also includes a variety of small 
predators, like red squirrels (Sciurus vulgaris), great spotted woodpeckers (Dendrocopos 
major) and small mustelids (Korpimäki and Sulkava 1987). Ural owls are present in 
their territories all year round and might be present in the site despite not breeding due 
to scarcity of main food (voles) (Lundberg 1981, Pietiäinen 1989). During breeding, Ural 
owls aggressively defend their nests and territories from intruders (Kontiainen et al. 2009). 

Small mesopredators inhabiting boreal forests can be divided in two main groups 
depending on their main prey. First, small mustelids such as stoats (Mustela erminea) 
and least weasels (M. nivalis), that subsist mainly on Microtus and Myodes voles but shift 
to alternative prey, such as passerine nests, when vole density is low (Korpimäki et al. 
1991). Second, there are generalist nest predators, such as the great spotted woodpecker, 
the European Jay (Garrulus glandarius), the pine marten (Martes martes) and the red 
squirrel; all of them are common predators of passerine nests (Weidinger and Kočvara 
2010). Small mesopredators in our study area are predated upon by Ural owls (red 
squirrels being 0.5% of total prey number, least weasels and stoats 0.9%, woodpeckers 
0.3%, corvids 0.4%; Korpimäki and Sulkava 1987) but also by larger predators such as 
eagle owls (Bubo bubo) and goshawks (Accipiter gentilis). 

2.2	 Experimental design

2.2.1	S patial analyses 

To study the settlement of pygmy owls in respect to nests of both con- and heterospecifics 
(I) I used Marked Point Pattern Models (Baddeley and Turner 2005) to estimate the 
intensity (~density) of point patterns. Each occupied nesting site was represented by 
a point in the model and classified according to the species, either pygmy owl (PO) or 
Tengmalm’s owl (TO). I studied repulsion or attraction between species, both among 
pygmy owl conspecifics (PO-PO) and among pygmy owls and Tengmalm’s owls 
(heterospecifc interaction, TO-PO). I included in the analyses also habitat characteristics 
obtained from the classification of three years Landsat satellite images and the 
proportion of each type of environmental covariate was computed for 5 different ranges 
(500, 1000, 1500, 2000 and 2500 m from a focal nest). Habitat characteristics were 
included in the analyses at the best range describing the proportion of a certain habitat 
in the landscape. The repulsion and attraction among con- and heterospecifcs was then 
calculated, while taking into account the habitat characteristics, with a MultiStrauss 
pairwise interaction function which indicated the value of gamma (with γ ≤ 1 indicating 
repulsion between points). In the analyses of pygmy owls breeding success (I), I took 
into account the presence of both con- and heterospecifics by calculating the kernel 
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density of neighbouring pygmy owls and Tengmalms’s owls per each pygmy owl nest at 
different range values, according with species home ranges. 

2.2.2	E nlarged boxes

In chapter II and V, I used innovative methodology to experimentally increase the long-
term perception of predation risk of breeding pied flycatchers. In both experiments I set 
up groups of nest boxes in several forest patches, both treatment boxes (called “enlarged” 
in II) and control boxes (called “normal” in II). Treatment nest-boxes appeared normal 
during settlement and egg-laying periods, with a small entrance hole (diameter 3.2 
cm), but a panel was removed during incubation revealing an enlarged entrance hole 
(diameter 5.5-6 cm; Fig. 1A). Our aim, through the manipulation of the entrance hole, 
was to increase both perceived (V) and actual risk (II) of predation at the nest. Control 
boxes initially appeared normal with the small entrance hole, but when the front panel 
was removed during incubation it revealed an entrance hole of the same size, not altering 
the susceptibility to nest predation risk (Fig. 1B). 

In experiment II the front panel of both control and treatment boxes was removed on the 
6-8th day of incubation and was replaced when chicks were 2-3 days old. Nests in treatment 
boxes were exposed to nest predators on average for 8-9 days. Predation events were checked 
after cover removal and predator type was identified whenever possible on the basis of 
tracks, hair, teeth marks or scent (II). In chapter V instead, the front panel was removed 
approximately on the 8th day of incubation and nests were exposed on average for three 
days, to either increased or normal predation risk. Thereafter I recorded parental activity 
at each nest with digital video-cameras. Recordings lasted on average 2 hours at each nest. 
From each video I scored: the nest attentiveness, on-bouts duration, female vigilance, male 
presence at the nest and incubation feeding (V). The nest box manipulation method was 
approved by the Finnish Environmental centre (permission number: LSU-2009-L-497).

Figure 1: a) Treatment (enlarged) nest-boxes appear normal during habitat choice and laying 
but a panel was removed during incubation revealing an enlarged entrance hole increasing nest 
predation risk. b) Control (normal) boxes appeared normal but a panel was also removed revealing 
a normal sized entrance hole underneath and not altering nest predation risk. 
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2.2.3	Nest box settlement

In chapters II, III and IV, I studied the responses of pied flycatchers to perceived 
predation risk by setting up nest boxes in different patches where either an owl species 
was breeding or where predation risk was experimentally simulated at the nest via use 
of predator cues. 

In studies II and III, I set up pied flycatcher boxes in forest patches containing actively 
nesting Ural owls (II), or either pygmy or Tengmalm’s owls nests (III). In addition, in 
both experiments I used as control sites forest patches (with an empty owl nest-box) that 
were unoccupied during the current year but that had been previously used as breeding 
site by one of the owl species (II, III). In the second experiment, I placed 5 nest boxes 
per forest patch (two of which were control nest boxes and three enlarged boxes; see 
“Enlarged boxes” chapter), approximately at 100 m from the owl box, either in the 
presence of Ural owl nests or in control sites. In the third experiment, I settled four 
pied flycatcher nest boxes in all forest patches, at approximately 80 m from the owl 
nest-box. In both these studies (II, III) I measured the clutch size of pied flycatchers 
nests in treatment and controls sites to study the reproductive investment depending on 
the habitat selection choice. In both studies I classified the clutch size as either small or 
large. The majority of the clutches included either 6 or 7 eggs (with only few cases of 5 
or 8 clutches in both experiments) and therefore the binomial distribution was the best to 
describe the reproductive investment.

In study IV, I collected pied flycatcher eggs from nests under predation risk from either 
pygmy owls or least weasels. In the pygmy owl experiment, I set up nest boxes in 
the surrounding of an active pygmy owl nest or in control sites, which were currently 
unoccupied but that have been occupied by pygmy owls in previous years (same 
methodology as in III). The weasel treatment sites were instead patches where all the 
boxes were sprayed every other day with least weasel urine (IV). Spraying lasted from 
the nest building phase until the laying of the first egg. In addition weasel hairs were 
glued on the entrance hole of the nest box to increase the perception of risk with a 
visual cue and finally a mounted stoat was presented for five minutes when the nest was 
completed or latest on the day when the first egg was laid. The weasel control sites were 
instead sprayed every other day with water and a drop of glue was put on the entrance 
of the nest box; finally a mounted chaffinch was presented on top of the nest just before 
egg laying. In all boxes, both pygmy and weasel treatments and controls, the fourth egg 
was collected and replaced with a dummy egg (IV).

2.2.4	L aboratory analyses

Laboratory analyses were conducted to determine the content of pied flycatcher eggs laid 
under high predation risk (IV). The yolk and albumen of each egg was separated in the 
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laboratory and part of the yolk was used for carotenoid and immunoglobulin analyses. 
Yolk and albumen samples were frozen at -20 °C and analyses of eggs were conducted in 
the laboratory at the Department of Biological and Environmental Science of University 
of Jyväskylä, Finland. 

The antibody concentration was measured using an indirect enzyme-linked immune-
sorbent assay (ELISA) (Pihlaja et al. 2006, Ruuskanen et al. 2011). The levels of 
immunoglobulins were measured as U/ml. The lysozyme was determined with a 
turbidometric assay by measuring the change in absorbance of the solution of albumen 
with a phosphate buffer after the addition of a Micrococcus lysodeikticus (Sigma 
M-3770) suspension (Jokinen et al. 2003, Ruuskanen et al. 2011). The results are 
given as lysozyme activity = change in absorbance units x 1000/min. The carotenoids 
analyses were done by adding in three different phases 300 μl of pure acetone to 50 mg 
of the frozen yolk. The samples were vortexed, centrifuged for 10 minutes at maximum 
speed and then supernatant was isolated at every phase. Absorbance at 450 nm was 
then measured from the ca. 900 μl of total supernatant so obtained (Multiskan Ascent, 
Therma oy, Finland) and then was corrected for the original yolk mass, the resulting 
concentration was in μg/mg. 
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3.	R esults and Discussion

3.1	 Habitat selection under predation risk

3.1.1	Predation risk and competition under fluctuating food abundance

Spatial settlement and reproductive success of pygmy owls depended on the local 
densities of both conspecifics and inter-specific competitors (I). Pygmy owls avoided 
breeding at high densities of conspecifics independently of food abundance. When 
breeding at high conspecific densities, breeding success was reduced. A strong avoidance 
of intra-specific competitors, probably due to competition for food and territories, has 
been shown in some large birds of prey (Ferrer and Donazar 1996, Fernandez et al. 1998, 
Martínez et al. 2008).

Pygmy owls also avoided breeding close to Tengmalm’s owls. When breeding in an 
area with high densities of Tengmalm’s owl, pygmy owl hatching date was delayed. 
In addition, the reproductive success was reduced when both con- and heterospecifics 
were breeding at the same time, probably as a consequence of both competition and 
predation risk (I). The spatial and temporal segregation of IGPrey from their intraguild 
predators/competitors has been shown previously (Hakkarainen and Korpimäki 1996, 
Heithaus and Dill 2002, Sergio et al. 2003, St-Pierre et al. 2006, Sergio et al. 2007, 
Mukherjee et al. 2009). Distinguishing between the prey responses to intraguild 
predation risk and to interference/encounter competition can be difficult in some 
species, especially since the behaviour evolved to reduce predation risk or aggressions 
from competitors are similar (Ziv et al. 1993, Palomares and Caro 1999, St-Pierre 
et al. 2006, Mukherjee et al. 2009, Kotler et al. 2010). In addition, lethal effects of 
intraguild predation may be difficult to identify, for example when the killings are 
either difficult to record or occur rarely because of low encounter rate between species 
due to antipredator strategies evolved previously, like a shift in time activity (Lima and 
Dill 1990, Palomares and Caro 1999). 

Here I used spatial analyses that allowed me to study aggregation or repulsion among 
individuals taking into account the habitat characteristics (I). Including habitat is essential 
because habitat structure and type can strongly affect the patterns of aggregation/
repulsion (Cornulier and Bretagnolle 2006). When neglecting to account for the habitat 
characteristics, aggregations among individuals can be seen as a result of conspecific 
attraction whereas, in reality, the spatial patterns are a direct consequence of abiotic 
environmental factors, like nest site availability (Cornulier and Bretagnolle 2006). Since 
my results take into account the characteristics of the habitat in the surrounding of both 
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pygmy and Tengmalm’s owls nests, I can conclude that the repulsion observed both 
among con- and heterospecifics is due to behavioural avoidance among individuals. In 
addition to habitat, further studies should also include the spatial distribution of the prey 
of the species under study in the analyses, to determine the impact of food availability 
on the habitat selection and spatial distribution of the species. 

3.1.2	Protective nesting association and mesopredator attraction

In experiment II, I investigated the possible protective nesting association between 
passerines and top predators. Overall I found that in patches where Ural owls were 
breeding, pied flycatcher nests were predated at higher rates than in patches without a 
top predator. High nest predation rates suggest a high abundance of predators in the area, 
which imply higher mesopredator densities in the proximity of Ural owl nests compared 
to control forest patches. 

Protective nesting associations are characterized by a species actively selecting to breed 
close to a large predator to gain benefits in terms of reduced nest predation risk (Quinn 
and Ueta 2008, Ritchie and Johnson 2009). Although it has not been hypothesized so far, 
protective nesting associations could also involve species from the same guild because 
small mesopredators may choose to breed near large or aggressive predators, which 
represent for them a low risk of predation, to avoid more dangerous predators. It seems 
appropriate that this type of nesting association will be called “mesopredator attraction”. 

A mesopredator breeding close to a larger predator will face high costs in term of 
predation risk for itself; however, if the benefits of associating with the large predator are 
outweigh the costs, then such an association could evolve. A few previous studies have 
indirectly supported this hypothesis, showing that small species, occasionally predators 
of vertebrates, might associate with larger predators. For example, azure-winged magpies 
(Cyanopica cyana) and choughs (Pyrrhocorax pyrrhocorax) are occasional predators of 
vertebrates and breed close to the Japanese lesser sparrowhawk (Accipiter gularis) and 
the lesser kestrel (Falco naumanni), respectively, to reduce their own predation risk (Ueta 
1994, Blanco and Tella 1997). Associations among predators could have consequences 
for several species at different trophic levels, because it would create an area with high 
density of mesopredators which would increase the predation risk for all the species that 
are generally or occasionally predated by those small predators. 

A higher density of mesopredators in top predator nest sites, suggested by high 
predation rate on pied flycatchers nests, could however be explained also by shared 
habitat preferences among top and mesopredators. Both groups might choose similar 
habitats leading to a spatial association. Similar spatial aggregation due to nest-site 
availability has been previously observed (Cornulier and Bretagnolle 2006). However in 
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our study we used as control patches sites that were previously occupied by Ural owls, 
without large changes in the habitat between years; this design makes spatial association 
unlikely. Indeed, if both mesopredators and Ural owls would choose the same habitat 
characteristics we would expect mesopredator presence (i.e. predation events in our 
pied flycatchers nests) to be equal or even higher also in control sites, whereas this 
occur only in one of the study year. Admittedly, Ural owls and mustelid mesopredators 
share food resources, and both may spatially select territories with high current vole 
densities. However this would successfully explain the presence of mustelids around 
Ural owls sites, but would not justify the presence of the full range of mesopredators 
(woodpeckers, squirrels and jay) that do not depend on voles abundance. Therefore, 
the mesopredator attraction hypothesis rather than the spatial association due to habitat 
characteristics could be the apparent cause of the predation rates observed. Additional 
data on abundances of voles among sites, mesopredators distribution and on the cues 
used by mesopredators during habitat choice are however needed to better separate 
between mesopredator attraction and spatial association hypotheses. 

Although, pied flycatcher nest predation rates were higher in Ural owl sites compared 
with controls, there was substantial variation in nest predation rates between years (II). 
In two of the years of study (2008 and 2010) predation rate was high in Ural owl nest 
sites (71% and 50%) but completely absent in control sites; in 2009 there was instead 
an overall high nest predation rate with no obvious differences between controls and 
Ural nest sites (83% and 55%). It appears that the environment was largely saturated 
with mesopredators in 2009, which may be linked to the abundance of Microtus voles, 
which follow a three year population cycle (Korpimäki et al. 2005) and are the main 
prey of both Ural owls (Korpimäki and Sulkava 1987) and small mustelid mesopredators 
(Korpimäki et al. 1991). 

Pied flycatcher habitat selection did not appear to be dependent on the presence of Ural 
owl nests in the forest patch, since laying date (which is a proxy of pied flycatcher 
settlement choice) did not vary between sites. Pied flycatchers did not change their 
settlement according to the top predator presence, which is also in agreement with 
what suggested by a previous study (Mönkkönen et al. 2007). Pied flycatchers are able 
to choose the breeding territory according to the predation risk posed by avian adult 
predators (III, Thomson et al. 2006), however this may be more difficult with less 
conspicuous predators, such as nest predators (Chalfoun and Martin 2010). Passerines 
might thus not be able to assess precisely the nest predation risk in the patch during 
settlement. In addition, we found that pied flycatchers laid smaller eggs in nests close 
to Ural owls, which suggests that females perceived predation risk after settlement and 
varied their reproductive investment accordingly.
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3.1.3	Multiple predator species affects habitat selection and reproductive 
investment of a prey

Pied flycatchers are able to distinguish among different predators and adjust their habitat 
selection decision and reproductive investment according to the perceived predation risk 
(III). Pied flycatchers avoided breeding in vicinity of pygmy owls but did not show 
differing occupation rates when breeding close to Tengmalm’s owls or in control sites. 
In addition, pied flycatchers breeding in sites with pygmy owls showed a prolonged 
nest building period, delayed laying date and smaller clutches than birds in control sites 
or in vicinity of Tengmalm’s owls. The low occupancy and the reduced reproductive 
investment in pygmy owl nesting sites indicates that pied flycatchers perceive these as 
risky sites. 

The lack of avoidance of Tengmalm’s owl sites and the similar reproductive investment 
between owls nest-sites and control sites suggests that pied flycatchers do not perceive the 
Tengmalm’s owl as a serious threat. This is despite Tengmalm’s owls occasionally preying 
on pied flycatchers. Pied flycatcher settlement in Tengmalm’s owl nest sites could be due 
to a lack of information on the presence of Tengmalm’s owls in the forest patch, since 
this owl species is mainly nocturnal. However it seems unlikely that a passerine would be 
unaware of predator presence a few meters from the nest. This is especially true in northern 
latitudes, where this study was conducted, characterized by very short nights and therefore 
where nocturnal animals are active also at dusk and dawn. Another explanation could be 
that pied flycatcher might gain some benefits from the presence of Tengmalm’s owls in 
their breeding sites, for example because smaller predators might avoid these territories 
due to intraguild predation (Quinn and Ueta 2008, Sergio and Hiraldo 2008). 

This study shows how a passerine, breeding in natural multi-predator environment 
under naturally occurring predation risk, can recognize different predators and modify 
its territory choice according to the perceived predation risk (III). My results are in 
agreement with previous studies indicating that prey can recognize different predators 
(Templeton et al. 2005, Adams et al. 2006) and adopt different antipredator behaviours 
accordingly (Korpimäki et al. 1996, Van Buskirk 2001, Stapley 2004). 

3.2	 Reproductive investment and parental care under predation risk

3.2.1	Maternal allocation of immune factors in eggs 

In experiment IV I showed that pied flycatchers breeding under high predation risk, either 
due to the presence of a breeding predator or due to constant presence of predator cues in 
the nesting sites, transfer high levels of immunoglobulin to eggs. Parents breeding under 
high predation risk might reduce their effort in feeding the nestling, even if this will be 
costly for the nestling, because high activity in the surroundings of the nest might attract 
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predators to the nests, increasing so both adult and nest predation risk (Martin et al. 
2000). High immunoglobulin levels in eggs might however increase the probability of 
survival of chicks that are poorly fed and therefore the transfer of high levels of immune 
factors might be adaptive. However, females breeding under high predation risk have 
high levels of immunoglobulins circulating in the blood (Thomson et al. 2010, Sheriff et 
al. 2011), due to the stress of predator presence, and therefore might also transfer a part 
of these immunoglobulins directly to eggs without any adaptive allocation (Saino et al. 
2005). This experiment is the first evidence for higher transfer of immune factors in eggs 
when females are exposed to naturally occurring predation risk, however further studies 
are needed to determine if this transfer is adaptive.

In addition, the level of lysozyme differed between sites with a breeding pygmy owl and 
controls, but the levels were opposite in different years, being higher in controls in 2007 
but higher in pygmy owls nest sites in 2009 (IV). This significant difference in lysozyme 
levels in eggs laid under predation risk seems to suggest that lysozyme transfer may 
interact with some environmental factors, but the mechanisms behind this allocation and 
their effects are still unknown. 

3.2.2	 Incubation behaviour

The use of new methodology (Figure 1), allowed me to study plasticity in the antipredator 
behaviour under constant predation risk (V), without the use of high pulses of risk, 
which can alter the behaviour observed (Lima and Bednekoff 1999). This methodology 
increased the probability of nest predation (II) and therefore the variation in parental 
behaviours observed in the enlarged nest-boxes, higher vigilance and reduced activity at 
the nest, is similar to what occur in natural nests. 

In this last experiment (V), I found that pied flycatcher males reduce their activity in 
the surrounding of the nest while females increased their vigilance when breeding in 
experimentally manipulated nest-boxes. Higher vigilance should allow parents to reduce 
their own predation risk through early predator detection e.g. increasing their flight 
initiation distance (St Clair et al. 2010). Time spent in vigilance may also reduce nest 
predation risk because parents may be able to engage in nest defence before the predator 
approaches (Caro 2005). 

In addition, we did not find variation in male incubation feeding trips and females on 
bouts duration depending on the nest-box manipulation which altered susceptibility to 
nest predation. Previous studies have instead shown a reduction in incubation feeding 
and increment in on-bouts duration after a predator encounter (Martin and Ghalambor 
1999, Ghalambor and Martin 2000, 2002, Chalfoun and Martin 2010, Kovařik and Pavel 
2011). However both these two antipredator strategies present energetic costs for the 
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females, because of reduction of feeding from the male and of self-foraging time. Under 
continuous high perception of risk, as in our study, parents might need to optimize the 
long-term costs and benefits of parental care strategies (risk allocation) by reducing their 
antipredator response to the continue perceived risk and restore quickly their normal 
activity after a high risk event (Creel et al. 2008, Ferrari et al. 2009, Thomson et al. 
2011). 
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4.	 Conclusion

In this thesis I studied several antipredator behaviours during breeding in different 
avian species and considered the impacts of these behaviours on trophic interactions. 
My results, in agreement with other studies (Hakkarainen and Korpimäki 1996, Sergio 
et al. 2003, Fontaine and Martin 2006a, Thomson et al. 2006, Lima 2009), show that 
birds can assess the level of predation risk in a certain territory and therefore carefully 
choose territory location accordingly (I, II, III). Habitat selection is the first antipredator 
strategy linked to the reproductive period that an animal can adopt to reduce the risk and 
costs of predation. Informed territory choices are made both in “normal” predator-prey 
interactions (III) and when competition and intraguild predation are involved (I, II) to 
reduce costs of coexistence. 

The settlement pattern of a predator might have consequences at several levels of the forest 
community. For example, the location of a bird of prey will affect the settlement of prey 
(III) but might also be affected by the distribution of other predators (I, II). Pygmy owls 
avoid breeding in high density of Tengmalm’s owls nests (I) while Tengmalm’s owls avoid 
breeding at close distance to Ural owls to reduce their own predation risk (Hakkarainen 
and Korpimäki 1996). Passerines and small rodents also modify their spatial distribution 
according to the spatial settlement of predators to reduce predation risk (III, Korpimäki et 
al. 1996). These complicated interactions among species, due to perceived predation risk 
and antipredator behaviours adopted, modify the overall spatial distribution of species in 
the forest community. A deeper knowledge of how predators settle spatially, depending on 
the presence of competitors and other predators in the landscapes, and the follow-on effects 
on prey spatial settlement is essential to better define the role of behaviourally mediated 
trophic cascades among vertebrates in natural environments. 

In the second experiment, I suggested that species interactions in animal communities 
can be more complicated than earlier appreciated. Small predators might associate with 
larger species to gain protection from other guild predators. IGPrey have been shown 
to exhibit antipredator strategies (I, Sergio et al. 2003, St-Pierre et al. 2006, Salo et 
al. 2008, Mukherjee et al. 2009) against their IGPredators, to reduce their own costs 
of predation risk. Therefore protective nesting associations are likely to occur among 
predators if the benefits of such an association are higher than the costs for the IGP 
(II). My study is the first to suggest such a mesopredator attraction. If mesopredator 
attraction proves to be a common process, it will have large implications for associations 
in nature and overall community organisation. This process may also generate several 
new hypotheses about the direct value of top predators in the landscapes, which will be 
more complicated than earlier thought (Sergio et al. 2008). Alternatively, there could be a 
spatial association between top- and mesopredators due to similar habitat characteristics. 
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This association would also result in the higher predation rates observed for prey of 
the mesopredators. Further studies are needed to determine if mesopredators actively 
seek protection from top predators and to study the behavioural mechanisms behind 
this association. Nevertheless, my studies (I, II) suggest that intraguild predation and 
antipredator strategies, which can be adopted not only by prey but also by predators 
as prey (IGPrey), might have a strong impact on defining the community structure at a 
landscape level through their effects at several trophic levels. 

Habitat selection in an environment with multiple predators requires an ability to 
recognize different predators (Templeton et al. 2005). In addition, if predators differ in 
hunting strategy, prey are required to adopt different antipredator strategies according 
to the predator species encountered (Stapley 2004, Preisser et al. 2007). My results 
highlight how prey appear to distinctly recognize between predators breeding in the 
area and modify not only their habitat selection behaviour but also their reproductive 
investment accordingly to the risk that each predator imposes (III). That the predator 
species involved are two quite similar owl species, further highlights a fine-tuned ability 
of the pied flycatcher in predator recognition. My results provide an understanding of 
how prey may respond, through their settlement in the landscape, to the presence of 
different breeding predators in a natural environment. This is especially important since 
the majority of the others studies conducted so far are in captivity or in enclosures, which 
does not allow study of free prey habitat choice. 

Prey appear to have further possibilities to fine-tune their reproductive effort following 
their territory location decision, and increasing thus their fitness. Avian prey may alter 
their clutch size to match conditions of ambient adult (III) and nest predation risk (II). 
In addition to the investment in the clutch, I show that females may allocate substances 
in the eggs to even further fine-tune investment according to the perceived predation risk 
(IV). Female flycatchers transferred higher levels of immunoglobulins in eggs laid under 
either naturally occurring or experimentally increased constant predation risk. This 
appears to be the first evidence of variation in maternal allocation of immune factors in 
eggs depending on long-term perceived predation risk (IV). 

The mechanism behind this transfer of immune factors is however still unknown; it could 
be either due to adaptive allocation in eggs or be a mere consequence of the level of 
immunoglobulins circulating in the female blood. Adaptive maternal allocation in eggs 
when breeding under high predation risk has been previously suggested by a comparative 
study among passerines where a correlation between eggs’ testosterone levels and daily 
nest predation rate was found (Schwabl et al. 2007). The discovery that the predation 
risk perceived by the female during the early breeding affects the allocation in eggs (IV, 
Saino et al. 2005, Giesing et al. 2011), which may lead to consequences to the survival 
of the offspring, increases our understanding of predation as agent in the evolution of 
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both maternal effects and parental investment. A next step will be to investigate how 
the compounds found at higher levels in eggs laid under high risk (IV) affect chick 
performance in a high predation risk environment.

In the last chapter of this thesis I showed that parents modify their behaviour, through a 
reduction of parental activity and increased vigilance, when breeding under continuous 
high predation risk (V). Several studies have shown changes in parental care after a 
direct predator encounter, but the majority of these have used experimentally simulated 
short high pulses of risk (Dale et al. 1996, Ghalambor and Martin 2002, Peluc et al. 
2008, Požgayová et al. 2009). Although investigating the response to a direct predator 
encounter is useful to increase our knowledge of animals antipredator behaviours, the 
behaviours observed under high pulses of risk might be exacerbated and thus may not 
reflect the responses to continuous risk (Lima and Bednekoff 1999). An animal living in 
a natural environment will more often live in a “landscape of fear”, where the predator 
presence is perceived often in variable degrees but where the encounters with the 
predator are infrequent (Brown et al. 1999, Laundré et al. 2001), partly due to avoidance 
behaviours adopted by the prey. Therefore, to fully understand the behavioural responses 
to predation risk used by animals living in natural environment, we need to test the 
response under a continue perception of risk, like the one allowed by my methodology 
(Figure 1). This study highlights how the plasticity in parental behaviour evolved to 
reduce the predation risk but allows, at the same time, the animal to perform also other 
behavioural activities, like foraging, that are essential to survival.

To conclude, my thesis highlights the importance of predation and competition in 
determining species distribution in the landscape and the consequences at different 
trophic levels of these individual choices (I, II, III). In addition, it highlights the 
importance of using spatial analyses with characterization of the habitat to reach accurate 
conclusions on the aggregation/repulsion patterns between species (I). I also suggested 
a new mechanism, mesopredator attraction (II) that could deeply affect the community 
structure. The aggregation of mesopredators close to top predator nests will indeed 
create area on the landscape with high risk for their prey and this will have indirectly 
consequences also on the prey’s resources availability. My thesis focuses also on the 
consequences of predation risk on reproductive investment and parental care, which 
both affect the overall fitness of an animal by affecting offspring survival. I showed that 
predation risk can affect maternal allocation (IV) and might thus adaptively increase 
the survival of the offspring. Finally I investigated parental care under predation risk 
(V) and showed that behaviours previously observed under short term pulses of risk do 
not occur when the perception of risk is prolonged. In my opinion, future studies need 
to concentrate on the behavioural responses under constant predation risk that better 
simulate or match conditions occurring in nature.



32	 Acknowledgements	

Acknowledgements

I almost can’t believe it but apparently the thesis is done! I wouldn’t have managed in 
finishing this thesis without the help and support of a lot of people and, since I can’t 
really list everybody because it would take half of this book, I will start with a big thanks 
to all, so Grazie!

I would like to thank my supervisors Erkki Korpimäki and Robert L. Thomson for their 
help during all these years, without which this thesis wouldn’t exist. In particular thanks 
to Erkki for giving me this opportunity to work in his group and for his help and support,  
I really enjoyed my time in this group and working on this project. A great thank you also 
goes to Robert L., for helping and encouraging me during these years and for all the nice 
and constructive chats, either for planning new experiments or discussing big important 
matters of life. 

I would like to thank all my co-authors Alexandre Villers, Mikko Hänninen, Suvi 
Ruuskanen, Heli Siitari and Rauno Varjonen for their great help with field and lab work 
and statistics. Will Cresswell and Jukka Forsman, the examiners of this thesis, also 
helped me a lot to improve this thesis with their great comments. Thanks also to all the 
foundations that have given me funding during this PhD project: Center for International 
Mobility (CIMO), the Fondazione Ing. Aldo Gini, the Finnish Cultural Foundation South 
Ostrobothnia Regional fund, The Turku University Foundation, the Ella and Georg 
Ehrnrooth foundation and the Biological Interactions Graduate School; without their 
contribution this work wouldn’t have been possible.

The members of our research group have been very important in the completion of this 
work (and in maintaining my health and happy mood), thank you Alex, Elina, Pälvi, 
Ville, Mari and Lise. Thank you for your friendship, for your help in small practical 
things and in huge theoretical issues and for being always available for a beer or a dinner! 

Special thanks go also to all the people that helped me in the field work: Eric, Mari, 
Stefan, Rauno and Jorma. Thank you all for your help in marking and collecting eggs, 
measuring cute chicks, observing flycatchers behaviour with thousands of mosquitoes 
around and of course for carrying boxes in and out the forest (especially until the Ural 
owl nest known as “The Bitch”).

I would like to thank the people in the Section of Ecology and in particular Samuli Helle, 
Tero Klemola and Toni Laaksonen for organizing the statistical discussion club and for 
being always helpful in many of my “statistical tragedies”. Also thanks to Niina, Matti, 
Jorma and Tuija for the great help with all the small and big practicalities in the office, 



	 Acknowledgements	 33

lab and field. Thanks to all the students in the Ecology PhD seminars for the helpful 
comments on my papers.

Along with office and field work, in these years I also had great fun and for this I have to 
thank all my friends in Finland and in Italy. Thanks to all the friends in the Peggy and to 
all those coming to the Friday Beers, I had really fun, it’s great to meet after a long week 
of work and chat happily with nice company and great beer! 

Thanks to Mirkka, Katrine, Päivi, Susie, Riccardo, Giuseppe, Silvia, Hanna and Kalle 
for all the chat, coffee break, spritz, dinners and overall fun! Thanks to the “birding” 
friends: Eric, Anniina, Kalle, Miia, Kirsi, Andrea and Ville, for the great trips to Jurmo! 

Thanks to all my great flat-mates Laura, Gabi and Terhi, it has been great to live with you 
girls, thanks for your encouragement in these years, I really enjoyed our chat and dinners 
and the endless discussions about doing sports vs. cooking! 

Very special thanks go in particular to Paula, Eric, Elina, Outi and Francesca: thanks 
for being always there to encourage me when I needed support and to help me finishing 
a bottle of wine or a chocolate cake when needed! Thanks for reminding me to take 
healthy break from work when the stress was overwhelming and thanks for all the happy 
long chat that we had (and I hope we will still have!). 

Finally, huge thanks go to my family! Thanks to my parents for their constant support 
and for always believing in me independently from the situation, thanks for the chat and 
for all the nice moments together! Thanks to my brother Davide for the support, to have 
taught me how to always argue and defend my point and for all the weird fun biological 
questions for his books.

And last, but definitely not least, thank you Ville for being with me in these years, to be 
there with a smile, a fight or a laugh according to what is needed to cheer me up, and 
thanks for volunteering as official taster for every new lasagne receipts! 

Turku, August 2012



34	 References	

References

Abrams, P. A. 2000. The evolution of predator-prey 
interactions: Theory and evidence. Annual Review 
of Ecology and Systematics 31:79-105.

Adams, J. L., K. W. Camelio, M. J. Orique, and D. 
T. Blumstein. 2006. Does information of predators 
influence general wariness? Behavioral Ecology 
and Sociobiology 60:742-747.

Amo, L., I. Galván, G. Tomás, and J. J. Sanz. 2008. 
Predator odour recognition and avoidance in a 
songbird. Functional Ecology 22:289-293.

Aunapuu, M., L. Oksanen, T. Oksanen, and E. 
Korpimäki. 2010. Intraguild predation and 
interspecific co-existence between predatory 
endotherms. Evolutionary Ecology Research 
12:151-168.

Bian, J. H., Y. Wu, and J. Liu. 2005. Effect of 
predator-induced maternal stress during gestation 
on growth in root voles Microtus oeconomus. Acta 
Theriologica 50:473-482.

Blanco, G. and J. L. Tella. 1997. Protective association 
and breeding advantages of choughs nesting in 
lesser kestrel colonies. Animal Behaviour 54:335-
342.

Blount, J. D., P. F. Surai, R. G. Nager, D. C. Houston, 
A. P. Møller, M. L. Trewby, and M. W. Kennedy. 
2002. Carotenoids and egg quality in the lesser 
black-backed gull Larus fuscus: a supplemental 
feeding study of maternal effects. Proceedings of 
the Royal Society of London Series B-Biological 
Sciences 269:29-36.

Bogliani, G., F. Sergio, and G. Tavecchia. 1999. 
Woodpigeons nesting in association with hobby 
falcons: advantages and choice rules. Animal 
Behaviour 57:125-131.

Boonstra, R., D. Hik, G. R. Singleton, and A. Tinnikov. 
1998. The impact of predator-induced stress on 
the snowshoe hare cycle. Ecological Monographs 
68:371-394.

Botham, M. S., C. J. Kerfoot, V. Louca, and J. Krause. 
2006. The effects of different predator species on 
antipredator behavior in the Trinidadian guppy, 
Poecilia reticulata. Naturwissenschaften 93:431-
439.

Brown, J. S., J. W. Laundré, and M. Gurung. 1999. 
The ecology of fear: Optimal foraging, game theory, 
and trophic interactions. Journal of Mammalogy 
80:385-399.

Bye, F. N., B. V. Jacobsen, and G. A. Sonerud. 1992. 
Auditory prey location in a pause-travel predator 
- search height, search time, and attack range of 
Tengmalms owls (Aegolius-funereus). Behavioral 
Ecology 3:266-276.

Bêty, J., G. Gauthier, J. F. Giroux, and E. Korpimäki. 
2001. Are goose nesting success and lemming 
cycles linked? Interplay between nest density and 
predators. Oikos 93:388-400.

Caro, T. 2005. Antipredator defences in birds and 
mammals. University of Chicago Press, Chicago.

Chalfoun, A. D. and T. E. Martin. 2010. Parental 
investment decisions in response to ambient nest-
predation risk versus actual predation on the prior 
nest. Condor 112:701-710.

Charnov, E. L., G. H. Orians, and K. Hyatt. 1976. 
Ecological implications of resource depression. 
American Naturalist 110:247-259.

Clutton-Brock, T. 1991. The Evolution of Parental 
Care. Princeton University Press, Princeton, New 
Jersey.

Conway, C. J. and T. E. Martin. 2000a. Effects of 
ambient temperature on avian incubation behavior. 
Behavioral Ecology 11:178-188.

Conway, C. J. and T. E. Martin. 2000b. Evolution of 
passerine incubation behavior: Influence of food, 
temperature, and nest predation. Evolution 54:670-
685.

Cornulier, T. and V. Bretagnolle. 2006. Assessing the 
influence of environmental heterogeneity on bird 
spacing patterns: a case study with two raptors. 
Ecography 29:240-250.

Coslovsky, M. and H. Richner. 2011a. Predation 
risk affects offspring growth via maternal effects. 
Functional Ecology 25:878-888.

Coslovsky, M. and H. Richner. 2011b. Increased 
predation risk on mothers affects survival of 
parasites feeding on the offspring. Animal 
Behaviour 81:1071-1075.

Creel, S., J. A. Winnie, D. Christianson, and S. 
Liley. 2008. Time and space in general models of 
antipredator response: tests with wolves and elk. 
Animal Behaviour 76:1139-1146.

Cresswell, W. 2008. Non-lethal effects of predation in 
birds. Ibis 150:3-17.



	 References	 35

Dale, S., R. Gustavsen, and T. Slagsvold. 1996. 
Risk taking during parental care: A test of three 
hypotheses applied to the pied flycatcher. Behavioral 
Ecology and Sociobiology 39:31-42.

Doligez, B., C. Cadet, E. Danchin, and T. Boulinier. 
2003. When to use public information for breeding 
habitat selection? The role of environmental 
predictability and density dependence. Animal 
Behaviour 66:973-988.

Doligez, B. and J. Clobert. 2003. Clutch size reduction 
as a response to increased nest predation rate in the 
collared flycatcher. Ecology 84:2582-2588.

Eccard, J. A., J. Pusenius, J. Sundell, S. Halle, and 
H. Ylönen. 2008. Foraging patterns of voles 
at heterogeneous avian and uniform mustelid 
predation risk. Oecologia 157:725-734.

Eccard, J. A. and H. Ylönen. 2007. Costs of 
coexistence along a gradient of competitor densities: 
an experiment with arvicoline rodents. Journal of 
Animal Ecology 76:65-71.

Eggers, S., M. Griesser, M. Nystrand, and J. Ekman. 
2006. Predation risk induces changes in nest-
site selection and clutch size in the Siberian jay. 
Proceedings of the Royal Society B-Biological 
Sciences 273:701-706.

Fernandez, C., P. Azkona, and J. A. Donazar. 1998. 
Density-dependent effects on productivity in the 
Griffon vulture Gyps fulvus: the role of interference 
and habitat heterogeneity. Ibis 140:64-69.

Ferrari, M. C. O., A. Sih, and D. P. Chivers. 2009. The 
paradox of risk allocation: a review and prospectus. 
Animal Behaviour 78:579-585.

Ferrer, M. and J. A. Donazar. 1996. Density-dependent 
fecundity by habitat heterogeneity in an increasing 
population of Spanish Imperial Eagles. Ecology 
77:69-74.

Fontaine, J. J. and T. E. Martin. 2006a. Parent 
birds assess nest predation risk and adjust their 
reproductive strategies. Ecology Letters 9:428-434.

Fontaine, J. J. and T. E. Martin. 2006b. Habitat 
selection responses of parents to offspring predation 
risk: An experimental test. American Naturalist 
168:811-818.

Forsman, J. T., J. T. Seppänen, and M. Mönkkönen. 
2002. Positive fitness consequences of interspecific 
interaction with a potential competitor. Proceedings 
of the Royal Society of London Series B-Biological 
Sciences 269:1619-1623.

Ghalambor, C. K. and T. E. Martin. 2000. Parental 
investment strategies in two species of nuthatch vary 
with stage-specific predation risk and reproductive 
effort. Animal Behaviour 60:263-267.

Ghalambor, C. K. and T. E. Martin. 2002. Comparative 
manipulation of predation risk in incubating birds 
reveals variability in the plasticity of responses. 
Behavioral Ecology 13:101-108.

Giesing, E. R., C. D. Suski, R. E. Warner, and A. M. 
Bell. 2011. Female sticklebacks transfer information 
via eggs: effects of maternal experience with 
predators on offspring. Proceedings of the Royal 
Society B-Biological Sciences 278:1753-1759.

Gil, D. 2008. Hormones in avian eggs: Physiology, 
ecology and behavior. Advances in the Study of 
Behavior, 38:337-398.

Grindstaff, J. L., E. D. Brodie, and E. D. Ketterson. 
2003. Immune function across generations: 
integrating mechanism and evolutionary process 
in maternal antibody transmission. Proceedings of 
the Royal Society of London Series B-Biological 
Sciences 270:2309-2319.

Haemig, P. D. 1999. Predation risk alters interactions 
among species: competition and facilitation between 
ants and nesting birds in a boreal forest. Ecology 
Letters 2:178-184.

Hakkarainen, H. and E. Korpimäki. 1996. Competitive 
and predatory interactions among raptors: An 
observational and experimental study. Ecology 
77:1134-1142.

Hargitai, R., K. E. Arnold, M. Herényi, J. Prechl, and 
J. Török. 2009. Egg composition in relation to social 
environment and maternal physiological condition 
in the collared flycatcher. Behavioral Ecology and 
Sociobiology 63:869-882.

Hargitai, R., Z. Matus, G. Hegyi, G. Michl, G. Tóth, 
and J. Török. 2006. Amtioxidants in the egg yolk 
of a wild passerine: Differences between breeding 
seasons. Comparative Biochemistry and Physiology 
B-Biochemistry & Molecular Biology 143:145-152.

Hasselquist, D. and J. Å. Nilsson. 2009. Maternal 
transfer of antibodies in vertebrates: trans-
generational effects on offspring immunity. 
Philosophical Transactions of the Royal Society 
B-Biological Sciences 364:51-60.

Heithaus, M. R. and L. M. Dill. 2002. Food availability 
and tiger shark predation risk influence bottlenose 
dolphin habitat use. Ecology 83:480-491.

Högstedt, G. 1980. Evolution of clutch size in birds 
- Adaptive variation in relation to territory quality. 
Science 210:1148-1150.

Jokinen, E. I., J. Vielma, T. M. Aaltonen, and J. 
Koskela. 2003. The effect of dietary phosphorus 
deficiency on the immune responses of European 
whitefish (Coregonus lavaretus L.). Fish & Shellfish 
Immunology 15:159-168.



36	 References	

Kellomäki, E. 1977. Food of the Pygmy Owl 
Glaucidium passerinum in the breeding season. 
Ornis Fennica 54:1-24.

Klomp, H. 1970. Determination of clutch-size in birds 
- A review. Ardea 58:1-124.

Klug, H. and M. B. Bonsall. 2010. Life history and the 
evolution of parental care. Evolution 64:823-835.

Kontiainen, P., H. Pietiäinen, K. Huttunen, P. Karell, 
H. Kolunen, and J. E. Brommer. 2009. Aggressive 
Ural owl mothers recruit more offspring. Behavioral 
Ecology 20:789-796.

Korpimäki, E. 1981. On the ecology and biology of 
Tengmalm’s Owl (Aegolius funereus) in Southern 
Ostrobothnia and Suomenselkä, western Finland. 
University of Oulu, Finland, Acta Universitatis 
Ouluensis A.

Korpimäki, E. 1988. Diet of breeding Tengmalms owls 
Aegolius-funereus - Long-term changes and year-to-
year variation under cyclic food conditions. Ornis 
Fennica 65:21-30.

Korpimäki, E. and H. Hakkarainen. 2012. The boreal 
owl: ecology, behaviour and conservation a forest-
dwelling predator. Cambridge University Press, 
Cambridge.

Korpimäki, E., V. Koivunen, and H. Hakkarainen. 
1996. Microhabitat use and behavior of voles 
under weasel and raptor predation risk: Predator 
facilitation? Behavioral Ecology 7:30-34.

Korpimäki, E., K. Norrdahl, O. Huitu, and T. Klemola. 
2005. Predator-induced synchrony in population 
oscillations of coexisting small mammal species. 
Proceedings of the Royal Society B-Biological 
Sciences 272:193-202.

Korpimäki , E., K. Norrdahl, and T. Rintajaskari. 1991. 
Responses of stoats and least weasels to fluctuating 
food abundances - Is the low phase of the vole cycle 
due to mustelid predation? Oecologia 88:552-561.

Korpimäki, E. and S. Sulkava. 1987. Diet and breeding 
performance of Ural owls Strix-uralensis under 
fluctuating food conditions. Ornis Fennica 64:57-
66.

Kotler, B. P., L. Blaustein, and J. S. Brown. 1992. 
Predator facilitation - The combined effect of 
snakes and owls on the foraging behavior of gerbils. 
Annales Zoologici Fennici 29:199-206.

Kotler, B. P., J. Brown, S. Mukherjee, O. Berger-Tal, 
and A. Bouskila. 2010. Moonlight avoidance in 
gerbils reveals a sophisticated interplay among time 
allocation, vigilance and state-dependent foraging. 
Proceedings of the Royal Society B-Biological 
Sciences 277:1469-1474.

Kovařik, P. and V. Pavel. 2011. Does Threat to the Nest 
Affect Incubation Rhythm in a Small Passerine? 
Ethology 117:181-187.

Kullberg, C. 1995. Strategy of the pygmy owl while 
hunting avian and mammalian prey. Ornis Fennica 
72:72-78.

Lack, D. 1947. The significance of clutch size. Ibis 
89:302-352.

Larsen, T. and S. Grundetjern. 1997. Optimal choice of 
neighbour: predator protection among tundra birds. 
Journal of Avian Biology 28:303-308.

Laundré, J. W., L. Hernandez, and K. B. Altendorf. 
2001. Wolves, elk, and bison: reestablishing 
the “landscape of fear” in Yellowstone National 
Park, USA. Canadian Journal of Zoology-Revue 
Canadienne De Zoologie 79:1401-1409.

Lehikoinen, A., E. Ranta, H. Pietiäinen, P. Byholm, P. 
Saurola, J. Valkama, O. Huitu, H. Henttonen, and E. 
Korpimäki. 2011. The impact of climate and cyclic 
food abundance on the timing of breeding and brood 
size in four boreal owl species. Oecologia 165:349-
355.

Lifjeld, J. T. and T. Slagsvold. 1986. The function 
of courtship feeding during incubation in the pied 
flycatcher Ficedula-hypoleuca. Animal Behaviour 
34:1441-1453.

Lima, S. L. 1987. Clutch size in birds - A predation 
perspective. Ecology 68:1062-1070.

Lima, S. L. 1992. Life in a multipredator environment 
- some considerations for antipredatory vigilance. 
Annales Zoologici Fennici 29:217-226.

Lima, S. L. 1998. Nonlethal effects in the ecology 
of predator-prey interactions - What are the 
ecological effects of anti-predator decision-making? 
Bioscience 48:25-34.

Lima, S. L. 2009. Predators and the breeding bird: 
behavioral and reproductive flexibility under the 
risk of predation. Biological Reviews 84:485-513.

Lima, S. L. and P. A. Bednekoff. 1999. Temporal 
variation in danger drives antipredator behavior: 
The predation risk allocation hypothesis. American 
Naturalist 153:649-659.

Lima, S. L. and L. M. Dill. 1990. Behavioral decisions 
made under the risk of predation - A review and 
prospectus. Canadian Journal of Zoology-Revue 
Canadienne De Zoologie 68:619-640.

Lundberg, A. 1981. Population ecology of the Ural 
owl Strix-uralensis in central Sweden. Ornis 
Scandinavica 12:111-119.

Lundberg, A. and R. V. Alatalo. 1992. The Pied 
Flycatcher. T & AD Poyser, London.



	 References	 37

Magrath, R. D., B. J. Pitcher, and J. L. Gardner. 2009. 
Recognition of other species’ aerial alarm calls: 
speaking the same language or learning another? 
Proceedings of the Royal Society B-Biological 
Sciences 276:769-774.

Martin, T. E. 1993. Nest predation and nest sites - New 
perspectives on old patterns. Bioscience 43:523-
532.

Martin, T. E. 1995. Avian life-history evolution in 
relation to nest sites, nest predation, and food. 
Ecological Monographs 65:101-127.

Martin, T. E. and J. V. Briskie. 2009. Predation on 
Dependent Offspring A Review of the Consequences 
for Mean Expression and Phenotypic Plasticity in 
Avian Life History Traits. Year in Evolutionary 
Biology: Ann. N.Y. Acad. Sci 1168:201-217.

Martin, T. E. and C. K. Ghalambor. 1999. Males 
feeding females during incubation. I. Required 
by microclimate or constrained by nest predation. 
American Naturalist 153:131-139.

Martin, T. E., J. Scott, and C. Menge. 2000. Nest 
predation increases with parental activity: separating 
nest site and parental activity effects. Proceedings 
of the Royal Society of London Series B-Biological 
Sciences 267:2287-2293.

Martínez, J. E., J. A. Martínez, I. Zuberogoitia, J. 
Zabala, S. M. Redpath, and J. F. Calvo. 2008. The 
effect of intra- and interspecific interactions on 
the large-scale distribution of cliff-nesting raptors. 
Ornis Fennica 85:13-21.

McCormick, M. I. 1998. Behaviorally induced 
maternal stress in a fish influences progeny quality 
by a hormonal mechanism. Ecology 79:1873-1883.

Montgomerie, R. D. and P. J. Weatherhead. 1988. 
Risks and rewards of nest defense by parent birds. 
Quarterly Review of Biology 63:167-187.

Mousseau, T. A. and C. W. Fox. 1998. The adaptive 
significance of maternal effects. Trends in Ecology 
& Evolution 13:403-407.

Mukherjee, S., M. Zelcer, and B. P. Kotler. 2009. Patch 
use in time and space for a meso-predator in a risky 
world. Oecologia 159:661-668.

Mönkkönen, M., J. T. Forsman, T. Kananoja, and H. 
Ylönen. 2009. Indirect cues of nest predation risk 
and avian reproductive decisions. Biology Letters 
5:176-178.

Mönkkönen, M., M. Husby, R. Tornberg, P. Helle, 
and R. L. Thomson. 2007. Predation as a landscape 
effect: the trading off by prey species between 
predation risks and protection benefits. Journal of 
Animal Ecology 76:619-629.

Norrdahl, K., J. Suhonen, O. Hemminki, and E. 
Korpimäki. 1995. Predator presence may benefit - 
Kestrels protect curlew nests against nest predators. 
Oecologia 101:105-109.

Pace, M. L., J. J. Cole, S. R. Carpenter, and J. F. 
Kitchell. 1999. Trophic cascades revealed in diverse 
ecosystems. Trends in Ecology & Evolution 14:483-
488.

Palomares, F. and T. M. Caro. 1999. Interspecific 
killing among mammalian carnivores. American 
Naturalist 153:492-508.

Peluc, S. I., T. S. Sillett, J. T. Rotenberry, and C. K. 
Ghalambor. 2008. Adaptive phenotypic plasticity 
in an island songbird exposed to a novel predation 
risk. Behavioral Ecology 19:830-835.

Persons, M. H., S. E. Walker, and A. L. Rypstra. 2002. 
Fitness costs and benefits of antipredator behavior 
mediated by chemotactile cues in the wolf spider 
Pardosa milvina (Araneae : Lycosidae). Behavioral 
Ecology 13:386-392.

Pietiäinen, H. 1989. Seasonal and individual variation 
in the production of offspring in the Ural owl Strix-
uralensis. Journal of Animal Ecology 58:905-920.

Pihlaja, M., H. Siitari, and R. V. Alatalo. 2006. 
Maternal antibodies in a wild altricial bird: effects 
on offspring immunity, growth and survival. Journal 
of Animal Ecology 75:1154-1164.

Polis, G. A. and R. D. Holt. 1992. Intraguild predation 
- The dynamics of complex trophic interactions. 
Trends in Ecology & Evolution 7:151-154.

Polis, G. A., C. A. Myers, and R. D. Holt. 1989. The 
ecology and evolution of intraguild predation - 
Potential competitors that eat each other. Annual 
Review of Ecology and Systematics 20:297-330.

Polis, G. A., A. L. W. Sears, G. R. Huxel, D. R. Strong, 
and J. Maron. 2000. When is a trophic cascade a 
trophic cascade? Trends in Ecology & Evolution 
15:473-475.

Požgayová, M., P. Procházka, and M. Honza. 2009. 
Adjustment of incubation according to the threat 
posed: a further signal of enemy recognition in the 
Blackcap Sylvia atricapilla? Journal of Ornithology 
150:569-576.

Preisser, E. L., D. I. Bolnick, and M. F. Benard. 2005. 
Scared to death? The effects of intimidation and 
consumption in predator-prey interactions. Ecology 
86:501-509.

Preisser, E. L., J. L. Orrock, and O. J. Schmitz. 
2007. Predator hunting mode and habitat domain 
alter nonconsumptive effects in predator-prey 
interactions. Ecology 88:2744-2751.



38	 References	

Pärt, T. and B. Doligez. 2003. Gathering public 
information for habitat selection: prospecting birds 
cue on parental activity. Proceedings of the Royal 
Society of London Series B-Biological Sciences 
270:1809-1813.

Pérez-Tris, J., J. A. Díaz, and J. L. Tellería. 2004. 
Loss of body mass under predation risk: cost of 
antipredatory behaviour or adaptive fit-for-escape? 
Animal Behaviour 67:511-521.

Quinn, J. L. and Y. Kokorev. 2002. Trading-off 
risks from predators and from aggressive hosts. 
Behavioral Ecology and Sociobiology 51:455-460.

Quinn, J. L., J. Prop, Y. Kokorev, and J. M. Black. 
2003. Predator protection or similar habitat selection 
in red-breasted goose nesting associations: extremes 
along a continuum. Animal Behaviour 65:297-307.

Quinn, J. L. and M. Ueta. 2008. Protective nesting 
associations in birds. Ibis 150:146-167.

Rainey, H. J., K. Zuberbühler, and P. J. B. Slater. 2004. 
Hornbills can distinguish between primate alarm 
calls. Proceedings of the Royal Society of London 
Series B-Biological Sciences 271:755-759.

Ritchie, E. G. and C. N. Johnson. 2009. Predator 
interactions, mesopredator release and biodiversity 
conservation. Ecology Letters 12:982-998.

Roth, T. C., J. G. Cox, and S. L. Lima. 2008. Can 
foraging birds assess predation risk by scent? 
Animal Behaviour 76:2021-2027.

Ruuskanen, S., H. Siitari, T. Eeva, E. Belskii, A. 
Järvinen, A. Kerimov, I. Krams, J. Moreno, C. 
Morosinotto, R. Mänd, E. Möstl, M. Orell, A. 
Qvarnström, J. P. Salminen, F. Slater, V. Tilgar, M. 
E. Visser, W. Winkel, H. Zang, and T. Laaksonen. 
2011. Geographical Variation in Egg Mass and Egg 
Content in a Passerine Bird. Plos One 6., e25360

Saino, N., V. Bertacche, R. P. Ferrari, R. Martinelli, 
A. P. Møller, and R. Stradi. 2002. Carotenoid 
concentration in barn swallow eggs is influenced 
by laying order, maternal infection and paternal 
ornamentation. Proceedings of the Royal Society 
of London Series B-Biological Sciences 269:1729-
1733.

Saino, N., M. Romano, R. P. Ferrari, R. Martinelli, 
and A. P. Møller. 2005. Stressed mothers lay eggs 
with high corticosterone levels which produce 
low-quality offspring. Journal of Experimental 
Zoology Part a-Comparative Experimental Biology 
303A:998-1006.

Salo, P., M. Nordstrom, R. L. Thomson, and E. 
Korpimäki. 2008. Risk induced by a native top 
predator reduces alien mink movements. Journal of 
Animal Ecology 77:1092-1098.

Santangeli, A., H. Hakkarainen, T. Laaksonen, and E. 
Korpimäki. 2012. Home range size is determined 
by habitat composition but feeding rate by food 
availability in male Tengmalm’s owls. Animal 
Behaviour 83:1115-1123.

Scheuerlein, A. and E. Gwinner. 2006. Reduced 
nestling growth of East African Stonechats Saxicola 
torquata axillaris in the presence of a predator. Ibis 
148:468-476.

Scheuerlein, A., T. J. Van’t Hof, and E. Gwinner. 
2001. Predators as stressors? Physiological and 
reproductive consequences of predation risk in 
tropical stonechats (Saxicola torquata axillaris). 
Proceedings of the Royal Society of London Series 
B-Biological Sciences 268:1575-1582.

Schmidt, K. A., E. Lee, R. S. Ostfeld, and K. Sieving. 
2008. Eastern chipmunks increase their perception 
of predation risk in response to titmouse alarm calls. 
Behavioral Ecology 19:759-763.

Schmitz, O. J., A. P. Beckerman, and K. M. Obrien. 
1997. Behaviorally mediated trophic cascades: 
Effects of predation risk on food web interactions. 
Ecology 78:1388-1399.

Schoener, T. W. 1983. Field experiments on 
interspecific competition. American Naturalist 
122:240-285.

Schwabl, H., M. G. Palacios, and T. E. Martin. 2007. 
Selection for rapid embryo development correlates 
with embryo exposure to maternal androgens among 
passerine birds. American Naturalist 170:196-206.

Seppänen, J. T. and J. T. Forsman. 2007. Interspecific 
social learning: Novel preference can be acquired 
from a competing species. Current Biology 
17:1248-1252.

Seppänen, J. T., J. T. Forsman, M. Mönkkönen, and 
R. L. Thomson. 2007. Social information use is a 
process across time, space, and ecology, reaching 
heterospecifics. Ecology 88:1622-1633.

Sergio, F., T. Caro, D. Brown, B. Clucas, J. Hunter, 
J. Ketchum, K. McHugh, and F. Hiraldo. 2008. 
Top Predators as Conservation Tools: Ecological 
Rationale, Assumptions, and Efficacy. Annual 
Review of Ecology Evolution and Systematics 
39:1-19.

Sergio, F. and F. Hiraldo. 2008. Intraguild predation 
in raptor assemblages: a review. Ibis 150, Issue 
Supplement s1:132-145.

Sergio, F., L. Marchesi, and P. Pedrini. 2003. Spatial 
refugia and the coexistence of a diurnal raptor 
with its intraguild owl predator. Journal of Animal 
Ecology 72:232-245.



	 References	 39

Sergio, F., L. Marchesi, P. Pedrini, and V. Penteriani. 
2007. Coexistence of a generalist owl with its 
intraguild predator: distance-sensitive or habitat-
mediated avoidance? Animal Behaviour 74:1607-
1616.

Sheriff, M. J., C. J. Krebs, and R. Boonstra. 2009. The 
sensitive hare: sublethal effects of predator stress on 
reproduction in snowshoe hares. Journal of Animal 
Ecology 78:1249-1258.

Sheriff, M. J., C. J. Krebs, and R. Boonstra. 2011. 
From process to pattern: how fluctuating predation 
risk impacts the stress axis of snowshoe hares 
during the 10-year cycle. Oecologia 166:593-605.

Sih, A., G. Englund, and D. Wooster. 1998. Emergent 
impacts of multiple predators on prey. Trends in 
Ecology & Evolution 13:350-355.

St Clair, J. J. H., G. E. García-Peña, R. W. Woods, and 
T. Székely. 2010. Presence of mammalian predators 
decreases tolerance to human disturbance in a 
breeding shorebird. Behavioral Ecology 21:1285-
1292.

St-Pierre, C., J. P. Ouellet, and M. Crête. 2006. Do 
competitive intraguild interactions affect space 
and habitat use by small carnivores in a forested 
landscape? Ecography 29:487-496.

Stapley, J. 2004. Do mountain log skinks (Pseudemoia 
entrecasteauxii) modify their behaviour in the 
presence of two predators? Behavioral Ecology and 
Sociobiology 56:185-189.

Storm, J. J. and S. L. Lima. 2010. Mothers Forewarn 
Offspring about Predators: A Transgenerational 
Maternal Effect on Behavior. American Naturalist 
175:382-390.

Strøm, H. and G. A. Sonerud. 2001. Home range and 
habitat selection in the Pygmy Owl Glaucidium 
passerinum. Ornis Fennica 78:145-158.

Suhonen, J., M. Halonen, T. Mappes, and E. 
Korpimäki. 2007. Interspecific competition limits 
larders of pygmy owls Glaucidium passerinum. 
Journal of Avian Biology 38:630-634.

Templeton, C. N., E. Greene, and K. Davis. 2005. 
Allometry of alarm calls: Black-capped chickadees 
encode information about predator size. Science 
308:1934-1937.

Thaker, M., A. T. Vanak, C. R. Owen, M. B. Ogden, 
S. M. Niemann, and R. Slotow. 2011. Minimizing 
predation risk in a landscape of multiple predators: 
effects on the spatial distribution of African 
ungulates. Ecology 92:398-407.

Thomson, R. L., J. T. Forsman, and M. Mönkkönen. 
2003. Positive interactions between migrant and 

resident birds: testing the heterospecific attraction 
hypothesis. Oecologia 134:431-438.

Thomson, R. L., J. T. Forsman, and M. Mönkkönen. 
2011. Risk taking in natural predation risk gradients: 
support for risk allocation from breeding pied 
flycatchers. Animal Behaviour 82:1443-1447.

Thomson, R. L., J. T. Forsman, F. Sarda-Palomera, 
and M. Mönkkönen. 2006. Fear factor: prey habitat 
selection and its consequences in a predation risk 
landscape. Ecography 29:507-514.

Thomson, R. L., G. Tomás, J. T. Forsman, J. Broggi, 
and M. Mönkkönen. 2010. Predator proximity 
as a stressor in breeding flycatchers: mass loss, 
stress protein induction, and elevated provisioning. 
Ecology 91:1832-1840.

Travers, M., M. Clinchy, L. Zanette, R. Boonstra, and 
T. D. Williams. 2010. Indirect predator effects on 
clutch size and the cost of egg production. Ecology 
Letters 13:980-988.

Török, J., R. Hargitai, G. Hegyi, Z. Matus, G. 
Michl, P. Péczely, B. Rosivall, and G. Tóth. 2007. 
Carotenoids in the egg yolks of collared flycatchers 
(Ficedula albicollis) in relation to parental quality, 
environmental factors and laying order. Behavioral 
Ecology and Sociobiology 61:541-550.

Ueta, M. 1994. Azure-winged magpies, Cyanopica-
cyana, parasitize nest defense provided by japanese 
lesser sparrowhawks, Accipiter-gularis. Animal 
Behaviour 48:871-874.

Valone, T. J. and J. J. Templeton. 2002. Public 
information for the assessment of quality: a 
widespread social phenomenon. Philosophical 
Transactions of the Royal Society of London Series 
B-Biological Sciences 357:1549-1557.

Van Buskirk, J. 2001. Specific induced responses to 
different predator species in anuran larvae. Journal 
of Evolutionary Biology 14:482-489.

van der Veen, I. T. and L. E. Sivars. 2000. Causes 
and consequences of mass loss upon predator 
encounter: feeding interruption, stress or fit-for-
flight? Functional Ecology 14:638-644.

Watts, H. E. and K. E. Holekamp. 2008. Interspecific 
competition influences reproduction in spotted 
hyenas. Journal of Zoology 276:402-410.

Weidinger, K. and R. Kočvara. 2010. Repeatability 
of nest predation in passerines depends on predator 
species and time scale. Oikos 119:138-146.

Wilkin, T. A., D. Garant, A. G. Gosler, and B. C. 
Sheldon. 2006. Density effects on life-history traits 
in a wild population of the great tit Parus major: 
analyses of long-term data with GIS techniques. 
Journal of Animal Ecology 75:604-615.



40	 References	

Willems, E. P. and R. A. Hill. 2009. Predator-specific 
landscapes of fear and resource distribution: effects 
on spatial range use. Ecology 90:546-555.

Zanette, L. Y., A. F. White, M. C. Allen, and M. 
Clinchy. 2011. Perceived Predation Risk Reduces 
the Number of Offspring Songbirds Produce per 
Year. Science 334:1398-1401.

Ziv, Y., Z. Abramsky, B. P. Kotler, and A. Subach. 
1993. Interference competition and temporal and 
habitat partitioning in 2 gerbil species. Oikos 
66:237-246.

Zuberbühler, K., R. Noë, and R. M. Seyfarth. 1997. 
Diana monkey long-distance calls: Messages for 
conspecifics and predators. Animal Behaviour 
53:589-604.

Zuberogoitia, I., J. E. Martínez, J. Zabala, J. A. 
Martínez, A. Azkona, I. Castillo, and S. Hidalgo. 
2008. Social interactions between two owl species 
sometimes associated with intraguild predation. 
Ardea 96:109-113.


	List of original papers 
	1.	Introduction 
	1.1	Predation risk
	1.2	Habitat selection and perceived predation risk
	1.2.1	Habitat selection during interspecific interactions: competition, intraguild predation, and protective nesting associations. 
	1.2.2	Multiple predators 

	1.3	Parental investment and care under predation risk
	1.3.1	Maternal allocation in eggs
	1.3.2	Minimizing risk at the nest 

	1.4	Aim of the thesis

	2.	Methods
	2.1	Study species and systems
	2.2	Experimental design
	2.2.1	Spatial analyses 
	2.2.2	Enlarged boxes
	2.2.3	Nest box settlement
	2.2.4	Laboratory analyses


	3.	Results and Discussion
	3.1	Habitat selection under predation risk
	3.1.1	Predation risk and competition under fluctuating food abundance
	3.1.2	Protective nesting association and mesopredator attraction
	3.1.3	Multiple predator species affects habitat selection and reproductive investment of a prey

	3.2	Reproductive investment and parental care under predation risk
	3.2.1	Maternal allocation of immune factors in eggs 
	3.2.2	Incubation behaviour


	4.	Conclusion
	Acknowledgements
	References


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.929 x 9.843 inches / 176.0 x 250.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20120404144858
       708.6614
       B5
       Blank
       498.8976
          

     Tall
     1
     0
     No
     675
     317
    
     None
     Left
     2.8346
     0.0000
            
                
         Both
         1
         AllDoc
         66
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     39
     40
     39
     40
      

   1
  

 HistoryList_V1
 qi2base





