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Abstract
Habitat selection decisions are crucial in determining fitness. Research indicates that individuals of
many taxa are flexible in habitat selection and gather information prior to decision-making in order
to control for environmental unpredictability. For time limited migrant birds, cues provide a quick
and reliable information source with which to make habitat selection decisions. In this thesis I
investigate habitat selection decisions, and their fitness consequences, of boreal passerines using
heterospecifics or predators as cues.

In support of the heterospecific attraction hypothesis, plots with augmented resident titmice
densities attracted increased migrant densities. The predicted negative effects stemming from
competition did not occur even at unnaturally high resident densities. This suggests that in the north
it may always be beneficial for migrants to use residents as cues in habitat selection decisions. 

By manipulating habitat selection, I found that great tits (Parus major) had poorer reproductive
success when forced to breed in close proximity to pied flycatcher (Ficedula hypoleuca) compared to
when breeding alone. Flycatchers, in contrast, did slightly better when breeding close to tits. These
results indirectly suggest that heterospecific attraction may not be a mutually positive species
interaction. Indeed, flycatchers seem to parasitize the high quality microhabitat indicated by breeding
great tits.

I also tested if residents provide a reliable cue relative to predation risk. However, willow tit (P.
montanus) nest location appeared random relative to avian predator nests. They do not appear to
reliably indicate safe breeding habitats to later arriving migrants. In addition, closer proximity to
breeding avian predators had a negative impact on willow tit reproductive output.

Later arriving migrants may be in a better position to avoid avian predator nests during habitat
selection. Pied flycatchers avoid settling in the immediate vicinity of sparrowhawk (Accipiter nisus)
nests. However, nest box occupation, laying dates and initial reproductive investment (clutch size)
showed a unimodal relationship with distance to sparrowhawk. A unimodal trend in these measures
indicates there may be a trade-off between the costs (increased adult predation risk) and potential
benefits (decreased nest predation risk) of settling in proximity to avian predator nests. Spatially
predictable predation risk gradients that emanate from predator nests are termed a "predation risk
landscape". Furthermore, flycatchers nesting closer to sparrowhawks produced fewer and smaller
nestlings than those farther away. In addition, measures of maternal physiological stress (body
condition and stress protein levels) had a negative linear relationship with distance to sparrowhawk
nest. It appears that increased perceived predation risk near avian predator nests results in stressful
and poor conditions for adult passerines, which results in lower reproductive output.

This thesis highlights the importance of information gathering prior to making habitat selection
decisions in order to optimise territory location relative to heterospecifics or predators. These
decisions clearly impact individual fitness.

Keywords: cue-using, heat shock proteins, predation risk, public information
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1 Introduction 

1.1  Habitat selection: a background 

As the old adage goes “location, location, location”. Human society places much 
emphasis on location; after all where you live, or simple hang-out, is supposedly 
important. In nature, however, location is far more crucial. Where an individual chooses 
to live and breed, impacts not only its survival, but also its reproductive success and, 
ultimately, individual fitness. In a broad sense, habitat is the physical and biotic factors 
that compose the place occupied by an animal (Partridge 1978) and its quality to an 
individual will be defined by its structure, availability of food and the nature of species 
interactions encountered (Hildén 1965).  

Indeed, the interactions between species of a community, occurring in a given habitat, 
may take a large variety of forms. Species within the same trophic guild hold a potential 
for competitive or mutualistic interactions, whereas predators and parasites will both 
impose negative interactions. Therefore, the nature of species interactions may extend 
from strongly negative to strongly positive, including a whole suite of interactions in 
between (Begon et al. 1996). Yet, despite this range of potential interactions, both 
theoretical and empirical research have historically embraced competition as the central 
and fundamental driving force in structuring communities of interacting species (Cody & 
Diamond 1975, Diamond 1978, Pimm & Rosenweig 1981, Schoener 1982, 1983). 
Indeed, many basic community ecology concepts were defined within the influence of 
this competition paradigm. With time, however, an accumulation of studies contradicting 
the competition-based view of community structuring emerged (Connell 1975, 1980, 
Wiens 1977). This has refurnished an acknowledgment of the relevance and importance 
of other between-species interactions as fundamental to the proper understanding of 
community ecology processes (see Wiens 1989 for details). A field which has been 
particularly prominent in the revival of the forgotten interactions is the study of habitat 
selection. 

Habitat selection defines the process whereby animals search between habitats that 
vary in quality through space and time and decide in which habitat to live, either to feed 
or to reproduce for a certain period of time (Fretwell 1972, Wiens 1976). Importantly, 
habitat selection also deals with the consequences of these decisions for the distribution, 
density and crucially the fitness of individuals (Jones 2001, Stamps 2001, Morris 2003), 
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and should be viewed as an integral part of the dispersal process and not only as its 
endpoint (Stamps 2001). Traditionally, theory has viewed habitat selection and its fitness 
consequences as a density-dependent process. Individuals were thought to have an innate 
sense of their optimal habitat in which their fitness would be maximised. Increasing 
conspecific densities within the optimal habitat forced individuals into less optimal 
habitats, while increasing heterospecific densities in less optimal habitats forced 
individuals into optimal habitats (Svärdson 1949). Similarly, the classical ideal free 
distribution (Fretwell & Lucas 1970, Fretwell 1972) assumed that the costs of 
intraspecific competition increase with conspecific densities. This resulted in intrinsically 
poorer quality patches being selected but yielding similar fitness benefits due to the 
absence of the costs of competition. Allee (1951), however, suggested that under certain 
densities, the fitness in a given habitat patch may be positively related to conspecific 
density. He proposed that patch fitness would follow a unimodal distribution, where 
fitness increased at low to intermediate conspecific densities, but then declined between 
intermediate and high conspecific densities. Nevertheless, a competition based view 
dominated habitat selection until studies of species coexistence in stressful environments 
suggested intra- and interspecific competition may be of less importance. 

Theoretical and empirical studies have provided solid evidence indicating that 
particularly seasonal, physically stressed environments or environments under high 
consumer pressure suppress the intensity of competitive interactions between species and 
may promote positive interactions (Dodds 1988, Stone & Roberts 1991, Bertness & 
Shumway 1993, Bertness & Callaway 1994, Bertness & Leonard 1997, Bertness 1999, 
Menge 2000, Stachowicz 2001, Callaway et al. 2002, Bruno et al. 2003). For example, 
the harsh winter climate experienced by northern boreal bird communities may favour the 
occurrence of positive interactions between species. This environment goes through high 
year-to-year variability in abiotic factors (Järvinen 1979) and therefore shows 
considerable stochastic variation in population numbers of bird species (Järvinen 1979; 
Helle & Mönkkönen 1986, Haila & Järvinen 1990, Morozov 1993, Haila et al. 1996). 
Therefore, despite earlier suggestions of a competitive coexistence of resident and 
migrant birds (Herrera 1978), recent evidence signifies positive interactions as an 
important means promoting community structure (Mönkkönen et al. 1990, 1996). 

In addition, resident densities in boreal bird communities seem to be maintained below 
the breeding carrying capacity by harsh winter climates (MacArthur 1959, Herrera 1978, 
Helle & Fuller 1988, Forsman & Mönkkönen 2003). This phenomenon becomes readily 
apparent when viewing the proportion of resident and migrant birds in breeding bird 
communities. On a European scale, the proportion of resident birds decreases linearly 
with higher latitudes (Forsman & Mönkkönen 2003), with average resident densities 
being only about 1/6th compared to other parts of Europe (Forsman 2000). As a result it is 
suggested that competition is not a prominent force determining the structure of these 
communities (Järvinen 1978). 
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1.2  Habitat selection: the use of cues 

Breeding habitat selection is a vital decision which determines the conditions for the 
breeding season and therefore reproductive success. Its importance for many short-lived 
migrant passerine birds is exaggerated because the majority will only breed once or twice 
in their life-time. Natural selection resulting from differences in the relative fitness will 
favour individuals occupying the most suitable habitats, which will drive the evolution of 
habitat selection strategies. Therefore, the selection of habitat and the mechanism 
involved will have a strong evolutionary basis (Jaenike & Holt 1991).  

Earlier work on habitat selection in birds acknowledged that birds will use multiple 
cues when selecting breeding habitat. However, in addition to being confined to within 
the competition paradigm, studies viewed the settling of individuals into a habitat as an 
innate response determined by a programmed or imprinted response to distinct floristic or 
structural features of the optimal habitat (Wiens & Rotenberry 1981, Rotenberry 1985, 
Orians & Wittenberger 1991). Empirical studies persisted in manipulating the structure of 
the habitat in an attempt to study the factors most important to settling birds (Cody 1985). 
Within their optimal habitat, individuals were thought to gather information regarding 
their likely reproductive success. For example, the ideal free distribution theory and work 
using it as a template (Fretwell & Lucas 1970), assumed that individuals possessed the 
inherent capability to accurately assess habitat quality within their optimal habitat by 
determining the density of conspecifics and heterospecifics. Nevertheless, this search 
phase of the habitat selection process was assumed to be free of costs.  

There are two ways in which information can be acquired by individuals. It can be 
obtained through personal information using a trial and error strategy, or it can be gained 
through observing other individuals and their interactions with the environment (Danchin 
et al. 2004). Although time invested in direct habitat sampling may be beneficial 
(Badyaev et al. 1996), in many circumstances, the costs of directly assessing habitats may 
be quite high, in terms of energy use and survival (e.g., Wiens 2001). In addition, many 
factors that affect breeding success, and that determine the quality of the habitat, are not 
revealed during the decision making phase (Hildén 1965). Therefore, due to the 
difficulties, unreliability and costs likely to be incurred during sampling habitat quality, it 
is not surprising that individuals would use indirect cues to gather information before 
making habitat selection decisions. 

Individuals gather information prior to making habitat selection decision in order to 
decrease the unpredictability of the environment to be encountered. In a conspecific 
context, information can be gathered just prior to breeding using conspecific presence or 
density (conspecific attraction) (Stamps 1988, Stamps 2001). More recently, emphasis 
has been placed on public information gathered at the end of the breeding season in order 
to make next year’s habitat selection decision (Reed et al. 1999). This encompasses 
performance measures such as reproductive success (habitat copying) to make habitat 
selection decisions (Valone & Templeton 2002, Doligez et al. 2002, Danchin et al. 2004). 
This type of information gathering strategy will be beneficial, provided the environment 
does not vary randomly and is not highly predictable (Doligez et al. 2003). The use of 
conspecific attraction or public information is important in a wide range of bird species 
and has been documented not only in colonial species, but also in species traditionally 
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thought of as territorial (Hildén 1965, Morse 1985, Stamps 1988, Smith & Peacock 1990, 
Reed & Dobson 1993, Boulinier & Danchin 1997, Muller et al. 1997, Wagner et al. 
2000). Using conspecifics as cues will likely provide many benefits (see Stamps 1988), 
including information about habitat quality relative to food availability and predator 
abundance. The result is an accessible tactic with which to assess the quality of 
prospective breeding sites. 

Similarly, the use of heterospecifics as cues in habitat selection decisions has been 
documented. Heterospecifics may provide a reliable cue to habitat quality if they share 
ecological requirements and predators (Forsman et al. 1998a, Mönkkönen et al. 1999, 
Parejo et al. 2005). However, due to ecological similarities, interspecific competition may 
increase. Mönkkönen and his colleagues (1990) first described heterospecific attraction 
as a habitat selection strategy where migrant birds appeared to use residents as cues for 
good quality habitat. This was based on observations where resident and migrant 
densities were positively correlated (see also Haila & Hanski 1987, Timonen et al. 1994). 
Subsequent experimental studies have shown that augmented resident titmice densities 
are associated with higher densities of certain settling migrant species (Mönkkönen et al. 
1996, 1997, Forsman et al. 1998a). Heterospecific attraction is favoured as a habitat 
selection strategy when the costs of direct sampling are high (Danielson 1992, 
Mönkkönen et al. 1999). In migrant birds for example, competition for the best territories 
makes a delay in making habitat selection decisions costly (e.g., Mönkkönen 1990) and a 
delay in the onset breeding reduces reproductive success (Perrins 1970, Siikamäki 1998). 
Indeed, pied flycatchers (Ficedula hypoleuca) breeding in close association with resident 
titmice acquired fitness benefits (Forsman et al. 2002, Seppänen et al. 2005). Theoretical 
study further predicted that heterospecific attraction will be most favourable at 
intermediate resident densities (Mönkkönen et al. 1999). Similar to the Allee effect (Allee 
1951), this study predicted that at high resident densities, competition with migrants may 
be expected to prevail because of the ecological similarities between the species.  

Another vital component causing variation in habitat quality in birds is predation risk. 
Obviously adult predation risk is critical, but also nest predation can have devastating 
effects (Martin 1993). Many bird species appear to gather information about predation 
risk and make adaptive decisions in order to minimise this risk. Firstly, nest predation risk 
has proved important in determining nest-site and territory location, either indirectly 
(Martin 1988a, b, 1993) or directly (Tryjanowski 2001, Roos 2002, Forstmeier & Weiss 
2004, Roos & Pärt 2004). Secondly, many species show a predator avoidance habitat 
selection strategy relative to adult predation risk, which seems to be perceived in close 
proximity to avian predation nests (Meese & Fuller 1989, Sodhi et al. 1990, Suhonen et 
al. 1994, Norrdahl & Korpimäki 1998, Hromada et al. 2002). Lastly, heterospecific 
individuals may also be used as indirect cues of habitat quality solely from a predation 
risk perspective. Aggressive species, for example, proficient at defending their territories 
and likely to provide protection against predation, are frequently sought as neighbours 
during habitat selection (Slagsvold 1980, Ueta 1994, Norrdahl et al. 1995, Bogliani et al. 
1999, Quinn et al. 2003, Sergio et al. 2004). These aggressive heterospecifics are often 
avian predator species, which although they may pose a threat to settling individuals, the 
benefit gained through protection outweighs these costs (Quinn & Kokorev 2002). 
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1.3  Aims of the study 

The objective of this thesis was to study the basis of habitat selection as a decision-
making process in birds at intermediate (territory location) scales. This scale of 
observation is particularly relevant for migrant species searching for- and establishing 
new territories in relatively unfamiliar habitats (Morris 1987, 1992, Stamps 2001). 
Attention was paid to interspecific interactions (including predation) as a vital component 
of the habitat and therefore the relevance of heterospecifics as both direct and indirect 
cues in habitat selection decisions. I focused on information gathering and cue-using of 
migrant birds as a means to make quick and reliable decisions shortly after arrival to the 
breeding grounds. Importantly, this thesis further aimed to determine the fitness-related 
consequences of the habitat selection strategies investigated. Such an approach is 
essential in order to validate that the described strategies are adaptive (Jones 2001). 

Firstly, I focused on heterospecific attraction as a habitat selection strategy and the 
conditions which are likely to favour the use of resident densities as a cue for good 
quality habitats in an unexampled bird community (I). In addition, the experiment was 
designed to specifically test a prediction of the theoretical model (Mönkkönen et al. 
1999), that heterospecific attraction should be most pronounced at intermediate resident 
densities. 

Following the demonstration that fitness benefits were gained by pied flycatchers 
breeding in close association with great tits (Forsman et al. 2002), paper II aimed to 
determine the source of these fitness benefits. Were benefits accrued through higher 
microhabitat quality or through the increased frequency of social interactions with the 
resident great tits? In addition, the fitness consequences for the resident great tit were 
studied. This tested the presumption that heterospecific attraction between migrants to 
residents necessarily entails a positive between-species interaction (Mönkkönen & 
Forsman 2002). 

Another possible benefit for migrants using resident species as a cue for profitable 
breeding sites is that residents provide a reliable indication of predation risk. I examined 
this prediction in paper III using the spatial dispersion of resident willow tit nests relative 
to the spatial dispersion of avian predator nests. Furthermore, I investigated the 
reproductive consequences for willow tits breeding at different distances from avian 
predator nests (III).  

Studies investigating the influence of predation risk have concentrated of micro-scale 
changes in the use of space and behavioural changes in animals. Very little information 
exists on the larger scale impacts of predation risk (Lima 1998a). In northern boreal 
forests, however, most migrant passerines find themselves in a fortunate position in that 
their main predator, the sparrowhawk, settles on its breeding areas and initiates breeding 
prior to their arrival. I therefore examined migrant pied flycatcher habitat selection 
strategies relative to sparrowhawk nests (paper IV). Furthermore, to determine if their 
observed habitat selection strategies were adaptive, I investigated the fitness 
consequences of their decisions, concentrating on the non-lethal fitness consequences of 
anti-predator decision making (Lima 1998b). Firstly, in terms of short-term reproductive 
success and the quantity and quality of offspring produced (IV). Secondly, I employed a 
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mechanistic approach and examined the physiological costs, likely to have long-term 
fitness implications, of their habitat selection decisions (V). 



2 Material and Methods 

2.1  Heterospecific attraction (I) 

Heterospecific attraction between migrant and resident birds (I) and the implications of 
the resulting interspecific interactions (II) was studied experimentally in forest plots 
south of Oulu, in northern Finland (64°50’N, 25°30′E). The vegetation in the plots was 
birch (Betula spp.) dominated, with some plots having low densities of Scots pine (Pinus 
sylvestris), spruce (Picea abies) and aspen (Populus spp.). These forests were relatively 
young productive forests in which bird densities were high (Haila & Järvinen 1990). 

Nine forest plots (size range 7-22 ha) surrounded mostly by open agricultural land 
were selected as study sites. Plots were situated not further than 10 km from each other 
and the nearest neighbour distance was approximately 1 km. The experiment lasted two 
breeding seasons. The first breeding season (1999) was used as a control year to 
determine migrant densities in plots with natural resident species densities. In the second 
breeding season (2000), the densities of breeding resident Parid species (great tit: Parus 
major, blue tit: P. caeruleus, willow tit: P. montanus) were experimentally manipulated. 
Three treatments were performed: low, natural and high densities of resident species on 
study plots. Therefore, each treatment occurred on three study plots and provided a 
gradient of resident densities in which to document the response of migrant birds relative 
to the control year. The three species were regarded as equal cues to settling migrant 
birds. 

Migrant densities were measured using the territory mapping method (Koskimies & 
Väisänen 1988). The aim of this method is to estimate densities of populations and to 
investigate the species composition and relative abundance of different species in a 
community. The method involves walking along parallel lines 50 m apart covering the 
entire plot and accurately recording the position of any bird species seen or heard. Each 
plot was censused five times in each study year and included an evening census. Clusters 
were defined as breeding pairs based on individuals singing, giving alarm call or foraging 
within 100 m in at least two census maps in a year (the territory of a single pair). 
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2.2  Interactions between residents and migrants (II) 

During 2003 - 2005, in the same environment as described in 2.1, the individual territory 
scale was used to experimentally study the nature of interactions between a resident and 
migrant species resulting from heterospecific attraction (II). Two species, resident great 
tit and migrant pied flycatcher, that best tolerate experimental habitat selection 
manipulation were selected (e.g., Siikamäki 1995, Huhta et al. 1999). 

The experiment consisted of three treatments: 1) great tits and 2) pied flycatchers 
breeding alone (> 120 m to the nearest con- or heterospecific neighbour) and 3) 
flycatchers and tits breeding as close neighbours (nest boxes 20 m apart). In early spring, 
the first great tit nest (as indicated by the initial signs of a chosen nest box) was randomly 
assigned a treatment of alone (treatment 1) or with heterospecific neighbour (treatment 
3). The next initiated nest within the same plot was then assigned the other treatment. 
This procedure was then repeated for the following duplets of initiated nests in boxes. 
Great tits chose their nesting locations amongst a large number of available nest boxes. 
Therefore, to negate the effects of this optimal habitat quality on the reproductive 
outcome, the locations of nest boxes with initiated great tit nests were randomised by 
changing their location by approximately 50 m from their original position. This was 
done during egg-laying by gradually moving the boxes 10 m per day for 5 or 6 days. 
When tit nests were in their final position, 3 - 4 empty nest boxes were placed, 40 m 
apart, at a distance of 70 m from the relocated great tit nest boxes that were assigned to 
breed with a flycatcher (treatment 3). When two of the boxes became occupied they were 
assigned randomly to treatments 2 or 3, and remaining open boxes were closed. 
Flycatcher nests were then moved 10 m a day either towards (treatment 3, final location 
20 m from tit nest) or away (treatment 2, final location 120 m from a tit nest) from great 
tit nests. In the end, there were great tit and pied flycatcher pairs breeding alone, and tit 
and flycatcher pairs breeding as neighbours, 20 m apart. This protocol ensured that the 
locations of all experimental nest boxes were random and free from individual choice as 
far it is possible in these species, and that all pairs went through similar manipulation. All 
nests were closely monitored with nest success and biometric data from chicks recorded 
at 13 days of age. 

2.3  Predation risk effects on a resident species:  
a landscape approach (III) 

This study used historical data collected for a long-term project of a willow tit population 
(Orell & Koivula 1988) in a 23 km2 study area to the north of Oulu (65°N, 25°30′E). The 
study area consists of habitats typical for a mixed use forest area of the boreal zone (see 
Orell & Ojanen 1983, Lahti et al. 1997). In the long-term project, huge amounts of field 
hours are devoted every breeding season to systematically finding and closely following 
all willow tit nests in the area and obtaining nest success and biometric data from 
nestlings at 13 days of age. In addition, all adult birds are colour banded for individual 
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recognition. Data from years 1996 - 1999 were used, because in addition to all the willow 
tit nests, all avian predator nests were located in the study area. Nests of three species of 
avian predator were found in varying numbers in the study area each year. The species 
included: sparrowhawk (Accipiter nisus), the most abundant avian predator and a 
specialist in hunting adult passerines (Newton 1986, Rytkönen et al. 1998); pygmy owl 
(Glaucidium passerinum) and Tengmalm’s owl (Aegolius funereus) less common species 
that feed to a lesser extent on adult passerines (Korpimäki 1981, Kullberg 1995). 

This extensive database, including data for 429 willow tit nests and 33 avian predator 
nests in the study area, provided a unique opportunity to study, on a landscape scale, how 
the spatial dispersion of avian predator nests affects the spatial dispersion of resident 
willow tit nests. The aim was first, to test the reliability of willow tit spatial dispersion as 
a cue of low predation risk habitat for settling migrant birds, an assumption of the 
heterospecific attraction hypothesis (I) and second, to examine the effects of proximity to 
avian predator nests on willow tit reproductive output.  

For the analysis of this data, the study area was divided into 1 ha plots which were 
defined as coordinates along axes with an origin at the south-western corner of the study 
area. The distances of plots from any other plots could therefore be easily calculated. For 
each plot we had the following information: a) the habitat it contained b) if it contained 
an avian predator nest c) if it contained a willow tit nest and d) the nest success of 
nestling quality measures of each willow tit nest. Using this simple organisation of the 
study area we were able to use a variety of statistical procedures to test our hypotheses 
(III). 

2.4  Habitat selection of migrants relative to predation risk: 
reproductive and physiological consequences (IV, V) 

Habitat selection decisions of pied flycatchers were studied relative to the distance from a 
sparrowhawk nest. In addition, the fitness consequences of flycatcher habitat selection 
decisions were measured. As fitness related measures we used reproductive output (nest 
success and nestling quality at 12 days of age) and parental physiological costs.  

This study was conducted in forest areas surrounding the town of Oulu, including 
those areas described in sections 2.1 and 2.3. In spring 2002 - 2004 we identified active 
sparrowhawk territories and placed flycatcher nest boxes in a grid format in these 
territories. Nest boxes varied in distance between 10 - 630 m from the sparrowhawk 
nests. The perceived adult predation risk was assumed to increase in closer proximity to 
sparrowhawk nests, due to the central-place foraging nature of nesting birds (see 3.5). 
Therefore, distance to sparrowhawk nest was used as an indication of a gradient in 
predation risk for settling flycatchers. 

We closely followed pied flycatcher nests in our boxes to determine the laying date, 
hatching date, nest success, presence of parent birds and we measured all chicks at 12 
days of age. In addition, in years 2003 and 2004, we caught female flycatchers once 
during incubation and once during the nestlings phase to obtain body size measures and 
take a blood sample at both times. The spacing of these samples represents before and 
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after measures whilst breeding under differing predation risks. Male flycatchers were 
caught once during the nestling period. When nestlings were 7 or 8 days of age 
provisioning rates were recorded for about an hour at a subset of pied flycatcher nests 
using video cameras placed a few metres from nest boxes. The day prior to recordings a 
dummy video camera was placed to accustom birds to its presence. Parental provisioning 
rates were used as an indication of parental behaviour and work load. 

2.5  Measures of fitness-related traits 

2.5.1  Nestling size  

Nestling size was used as a fitness-related measure in studies II, III, IV which determined 
the fitness consequences of observed habitat selection decisions. On the relevant day, all 
nestlings were ringed and their body mass, wing length, tail length and tarsus length 
measured using standard procedures across all nests in a study. Poor or stressful 
conditions during early development result in smaller nestlings, even for highly heritable 
traits such as tarsus length (Merilä 1997). In turn, nestling size and condition has 
implications for future survival and fitness, with smaller nestlings expected to have 
decreased fitness prospects (Lindström 1999, Metcalfe & Monaghan 2001). For example, 
in willow tits, nestling size determines dominance status in winter flocks, and 
consequently, winter survival (Koivula et al. 1996, Lahti et al. 1996). Clearly, parents 
raising small offspring will pay a fitness cost. Because parental care determining 
offspring size lasts for only 15 - 16 days, raising small offspring is considered a short-
term fitness cost. 

2.5.2  Physiological stress measures 

Adult flycatchers were captured using traps inside nest boxes (V). Birds were ringed and 
body mass and wing length were measured. Using these measures, an index of body 
condition was calculated as the ratio of body mass to wing length. Body condition 
indicates the physiological stress of an individuals due to it relationship with time spent 
on energy acquisition and self-maintenance. 

In addition, blood samples collected from maternal flycatchers were transported to the 
laboratory in line with appropriate methods (see Tomás et al. 2004). Stress protein levels 
(HSP60 and HSP70) were determined from blood samples by a Western blot technique, 
to be used as an indication of long term physiological stress (see Merino et al. 1998, 
Tomás et al. 2004). Stress proteins, also known as heat shock proteins or HSPs, are 
known to be induced by a wide variety of stresses in animals from all taxa (Feder & 
Hofmann 1999). HSPs function as molecular chaperones in cells, and also function in 
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transport, folding, unfolding, assembly and disassembly of misfolded or non-functional 
proteins after stress exposure (Sørensen et al. 2003). 

Increased physiological stress measures such as lower body condition or higher HSP 
levels probably causes neglect of self-maintenance requirements and will decrease 
individual survival probability and future reproductive success (e.g., Gustafsson & Pärt 
1990). This may arise through less energy being available for self-maintenance functions. 
Therefore, physiological stress measures may entail a long-term fitness cost. 
 



3 Results and Discussion 

3.1  Heterospecific attraction: the community response (I) 

In support of previous experiments testing the heterospecific attraction hypothesis in 
boreal bird communities (Mönkkönen et al. 1997, Forsman et al. 1998a), plots with 
augmented resident titmice densities attracted increased migrant densities (I). It appears 
that heterospecific attraction is a ubiquitous habitat selection strategy used by migrant 
passerines returning to their breeding grounds in the north. Similar to Mönkkönen and 
colleagues (1997), a positive linear density response of foliage gleaning migrant 
passerines was found. These migrants constitute the same guild as resident titmice. In 
contrast to previous results (Forsman et al. 1998a), species like thrushes, robins and pipits 
belonging to the ground-foraging guild, did not show a response. One species, the 
chaffinch (Fringilla coelebs), showed a particularly acute density increase in response to 
higher titmice densities. This result is of particular significance because further south in 
Europe, the chaffinch and great tit (the most abundant resident species in this study) were 
documented to be in intense competition with each other (Reed 1982). In fact, in that 
study these species were shown to defend exclusive territories. This endorses the view 
that seasonal environments promote positive interactions between species in which 
competitive interactions prevail under benign conditions (Callaway et al. 2002, Bruno et 
al. 2003).  

In addition, chaffinch response data should then provide a reliable test of the 
predictions of Mönkkönen and coworker’s (1999) theoretical model. The model predicted 
that heterospecific attraction should be most pronounced at intermediate resident 
densities, whereas at high resident densities, the negative impacts of competition between 
residents and migrants would result in migrants avoiding these patches. Clearly, chaffinch 
data does not support this prediction (I), and suggests that resident densities were not 
high enough to elicit competitive effects and decrease the incentive to use heterospecific 
attraction. Furthermore, because augmented resident densities were far higher than 
naturally occurring densities in the study area (due to the use of nest boxes and 
supplementary food), this result suggests that competition may be unlikely to occur 
between residents and migrants in northern environments. This result supports 
suggestions that competition is not an important factor in structuring northern bird 
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communities (Järvinen 1979, Forsman 2000, but see II). However, competition for nest 
sites in the absence of nest boxes may be present (von Haartman 1957).  

Nevertheless, for heterospecific attraction to be a viable habitat selection strategy, 
resident species must still provide a reliable cue of habitat quality. Given that residents 
can invest more time and energy into prospecting for habitats, residents can be assumed 
to select the best territories available to them. Migrants with similar ecological needs to 
the residents, but far more time limited, may then simply use resident presence or density 
as a cue to be able to make quick and reliable breeding habitat selection decisions. 
However, the exact incentives for the use of heterospecific attraction as a strategy will 
vary with the particular migrant and resident species. In addition, this strategy must have 
higher benefits than a direct sampling approach, which can be beneficial in terms of 
fitness consequences (Badyaev et al. 1996). Mönkkönen and his colleagues. (1999) 
predicted that due to the high relative cost of actively sampling habitats and its time 
consuming nature (also Danielson 1992), the cue-using strategy was beneficial both in a 
situation with high interspecific competition and when benefits of being with 
heterospecifics outweigh competition.  

The exact mechanism(s) behind heterospecific attraction being a beneficial habitat 
selection strategy remain under study. In this thesis I highlight that one likely mechanism 
by which migrants procure benefits is through copying micro-habitat selection of resident 
species (II). Other possible benefits obtained through heterospecific cue-using have being 
discussed at length in several papers (see Mönkkönen & Forsman 2003 for review). 
Briefly, 1) migrant birds, especially long-distance migrants, are extremely time limited 
during the breeding season. Therefore, the use of cues in order to gain quick but reliable 
information could easily prove advantageous. A delay in the onset of breeding could be 
costly as reproductive success has been shown to decrease as the breeding season 
continues (Perrins 1970). Indeed, breeding in association with residents has been shown 
to decrease this negative calendar effect (Seppänen et al. 2005). 2) Some results suggest 
information relative to food abundance or quality is the impetus for heterospecific 
attraction, because migrants responding to increased resident densities are frequently 
from the same foraging guild (Timonen et al. 1994, Mönkkönen et al. 1997, Elmberg et 
al. 1997, I). Forsman and coworkers (1998a), however, found little evidence that the 
amount of food correlates with species abundances, indicating that species in local scale 
communities do not seem to be limited or compete for food. 3) Studies show 
heterospecific cues may indicate predator free or low predation risk habitats (Hildén 
1965, Slagsvold 1980, Forsman et al. 1998a, but see III). Indeed, all the above may 
contribute to the benefits of heterospecific cue-using as a habitat selection strategy but 
very few experiments have tested these benefits (but see II, III).  

Dall and Cuthill (1997) suggest that because generalists need to gather a large amount 
of information about the environment compared with specialists, the sampling strategy 
may be more costly. Therefore, by trying to reduce these costs it would be beneficial for 
generalists to use residents as cues. Indeed, habitat generalists have been shown to 
respond strongly to artificial resident densities (Mönkkönen et al. 1997; Forsman et al. 
1998a; Mönkkönen et al. 1999, I). Furthermore, breeding site tenacity in some species 
(e.g., chaffinch, Mikkonen 1983), means that young first time breeders may be the most 
likely to use residents as cues to profitable breeding sites. 
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Heterospecific attraction clearly continues the recent trend in viewing habitat selection 
as an individual decision-making process, where the habitat encompasses more than just 
the structural aspect, but recognizes the importance of within and between species 
interactions in determining habitat quality. However, the effect on resident reproductive 
success and therefore, the true nature of the interaction remain untested. 

3.2  Heterospecific attraction: the nature of the interaction (II) 

By definition, positive species interactions include any interaction that positively affects 
at least one of the species involved, without producing negative effects to other species 
(Bertness & Callaway 1994). Since Mönkkönen and his colleagues (1990) formulated the 
heterospecific attraction hypothesis it has been assumed that the interactions between 
residents and migrants were positive in nature. This assumption seemed plausible, 
because resident species have been regarded dominant competitors over migrants 
(MacArthur 1959, Herrera 1978, Gustafsson 1987) and at least one migrant, the pied 
flycatcher, gained significant fitness benefits by selecting nesting sites in close proximity 
to great tits (Forsman et al. 2002, Seppänen et al. 2005). Nevertheless, the fitness 
consequences of associations with migrant birds to resident birds have never been 
measured. 

In the present study (II), great tits surprisingly produced substantially fewer and 
smaller offspring when breeding in close association (~20 m) with pied flycatchers 
compared to when breeding alone (≥ 120 m from flycatcher). The largest costs were 
observed in 2004 when tits breeding with flycatchers produced 3.5 nestlings less (53%) 
than those breeding alone. In contrast, the study found that flycatchers were not 
negatively affected by close proximity of breeding tits in any year. In fact, flycatchers 
breeding together with tits tended to have a higher number of nestlings in better physical 
condition than solitary flycatchers, albeit that these were only trends in the present study 
(II) and the differences were not statistically significant.  

These results immediately suggest that heterospecific attraction, at least of pied 
flycatcher to great tit, may not necessarily lead to mutually positive species interactions; 
with great tit, surprisingly, being the suffering party. Of note, is that the negative 
consequences of close flycatcher association varied between breeding seasons. In the year 
when environmental conditions were poor, breeding in close association with pied 
flycatchers was particularly harmful. Forsman and colleagues (2002) showed that pied 
flycatchers preferred to settle in close proximity to tits and gained significant fitness 
benefits as a result. In contrast, here flycatcher breeding together with titmice had similar 
breeding success with flycatchers breeding alone. In this study, however, the position of 
great tit nests was randomised (see Methods). This method controlled for microhabitat 
differences in nest site quality which would arise from nest site selection of tits. 
Remember, residents have time to assess the quality of sites and therefore likely settle at 
the best quality sites. This difference in method and the resulting differences in benefits 
to flycatchers, suggests that increased flycatcher fitness (in Forsman et al. 2002) likely 
resulted from an enhanced likelihood and speed of flycatchers selecting high quality nest 
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sites through the heterospecific attraction strategy. Social interactions between tits and 
flycatchers (e.g., facilitation of foraging or predator avoidance) were apparently not as 
important. Benefits, albeit slight (II), may be accrued through an increase in social 
foraging interactions with resident tits. Foraging in social groups in the non-breeding 
season, but also during breeding, is known to provide foraging and predator avoidance 
benefits (e.g., Morse 1970, Sasvári 1992, Mönkkönen et al. 1996, Forsman et al. 1998b, 
Hino 1998). There is further evidence that other migrant species use the same selection 
method as flycatchers (e.g., chaffinches, Timonen et al. 1994).  

Great tits suffer (II) and flycatchers benefit from their presence if tits are allowed to 
select breeding sites naturally (Forsman et al. 2002), therefore this relationship resembles 
parasitism and not interspecific competition (Dickman 1992). Parasitic interactions 
among species occurring at the same trophic level have been shown to occur among 
certain invertebrate taxa (Ronquist 1994, Reader 2003). In birds, although there are very 
few examples of parasitic interactions (besides brood parasitism), the use of early 
arriving species in breeding habitat selection by later arriving species (e.g., Slagsvold 
1980, II) or the use of passive members of mixed species flocks by follower species 
(Morse 1970), may result in benefits for the active participants and costs for the passive 
party. Although, what the mechanism of flycatchers affects on tits in the present situation 
entails, is hard to assert. While competition over food is one possibility, the peak demand 
of food does not overlap much in these species. Another possibility is that flycatchers 
harass tits during the breeding season (personal observations). At this stage it is only 
possible to speculate whether the parasitism-like interactions between great tits and pied 
flycatcher characterise heterospecific attraction in general. Even flycatcher presence may 
still benefit tits in ways which are difficult to measure. Flycatchers actively mob 
predators near their nests (personal observation) and may therefore decrease direct 
predation on great tits and their nests (Krams & Krama 2002). Certainly, other migrant 
species known to employ heterospecific attraction as a habitat selection strategy, for 
example Fringillid finches (Forsman et al. 1998a, I), differ more ecologically to great tits 
than pied flycatchers. It is likely then that their presence will not prove as negative to the 
fitness of great tits (but see Reed 1982). Furthermore, different resident titmice species 
(e.g., blue tits and willow tits) may not suffer from the presence of pied flycatchers. 
Therefore, at present this study suggests that heterospecific attraction is not always a 
positive interaction.  

3.3  Habitat selection relative to predation risk: a resident’s 
perspective (III) 

3.3.1  Habitat selection (III) 

A prerequisite for heterospecific attraction to be a viable habitat selection strategy is that 
residents provide a reliable cue to good quality habitats (Mönkkönen et al. 1999, I). A 
vital biotic component of any habitat is the risk of predation. The impact of predator-prey 
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interactions is obvious; even non-lethal effects of anti-predator decision making have 
wide-ranging implications (see Lima 1998a, b for reviews). However, whether the spatial 
dispersion of resident birds provides a reliable cue to settling migrant birds, relative to 
predation risk, remained untested. 

The large dataset of willow tit nest locations relative to the nests of breeding avian 
predators indicated that in all fours years of study (1996 - 1999), willow tit nests were 
located randomly in the study landscape (III). In other words, willow tits showed no 
avoidance (or attraction) of areas of increased adult predation risk. As a result, they do 
not appear to reliably indicate relatively safe breeding habitats to later arriving migrants; 
at least not reliably relative to the nest sites of breeding avian predators. 

Willow tits remain in their larger winter territories year-round and initiate breeding 
around the time that the main predator of adult passerines, the sparrowhawk, arrives at 
the study site. It may, therefore, be too costly for willow tits to change their breeding 
location if a predator settles close by and this may explain their random nest distribution 
relative to the nests of breeding predators. The expectation that willow tits provide a 
reliable cue to predation risk, however, was not an unrealistic one. Firstly, the owl species 
initiate breeding well before willow tits do and tits should be able to respond to this. 
Secondly, before the arrival of migrants, predation upon willow tits could have resulted in 
spatial variation in willow tit territory location reflecting predation risk. Nevertheless, 
both these possibilities had no marked impact on willow tit nest location relative to 
breeding avian predators. 

3.3.2  Reproductive consequences (III) 

It is possible that the spatial dispersion of avian predator nests may not accurately 
represent predation risk within the landscape. If this were true, the spatial dispersion of 
willow tits would not be expected to show avoidance of the proximity of predator nests, 
the results obtained in this study. Therefore, the next logical step was to test what are the 
consequences of nesting at different distances from predator nests, and if close proximity 
to predator nests is associated with costs. 

This study showed that close proximity to breeding avian predators had a negative 
impact on willow tit reproductive output (III). Willow tit nestling size, as indicated by 
nestling mass and wing length, significantly increased with distance from breeding avian 
predators. It appears that increased perceived predation risk near avian predator nests 
resulted in stressful and poor conditions for adult willow tit, which resulted in smaller 
nestlings being raised (Merilä 1997). Nestling size is used as a fitness-related trait, and 
smaller nestlings are thought to suffer from lower future survival and fitness (Lindström 
1999). Rytkönen and Soppela (1995) had shown earlier that willow tit nest defence 
altered with distance from avian predator nests, and provides further support that willow 
tits perceive predation risk differently relative to the distance from predator nests (see 
Forsman et al. 2001). 

From the results of this study (III), it becomes apparent that when dealing with 
migrant predators, such as the sparrowhawk, resident birds are not in an ideal situation to 
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make informed decisions. They appear to suffer from breeding in proximity to avian 
predators, but are seemingly unable to avoid this proximity. 

3.4  Habitat selection relative to predation risk: a migrant’s 
perspective (IV, V) 

3.4.1  Habitat selection (IV) 

For settling migrant birds, residents may provide reliable cues to good quality habitats (I) 
with the potential for beneficial social interactions (II). However, paper III suggested that 
using residents as a cue for safe habitats relative to the nests of breeding predators was 
unreliable. Migrant birds, however, due to their relatively late arrival to breeding grounds 
may be able to choose territory locations away from already established avian predator 
nests (e.g., Norrdahl & Korpimäki 1998). However, all studies suggesting this settlement 
pattern, have been conducted in structurally simple landscapes e.g., farmlands (Sodhi et 
al. 1990, Suhonen et al. 1994, Hromada et al. 2002, Roos & Pärt 2004) or tundra (Meese 
& Fuller 1989). Evidence of this habitat selection strategy from structurally complex 
forested habitats is unknown (but see Geer 1978).  

In this study, migrant pied flycatchers were observed to avoid settling in the immediate 
vicinity of sparrowhawk nests. Moreover, overall nest box occupation rates and laying 
dates showed a unimodal relationship with distance to sparrowhawk. Pairs breeding 338 
m from sparrowhawks laid their first egg approximately six days earlier than pairs 
settling very close to sparrowhawks and four and a half days before pairs settling at 630 
m (the maximum distance in our study). This result suggests that nest boxes situated at 
intermediate distances from sparrowhawk nests are in the territory locations most 
favoured by settling pied flycatchers. A unimodal trend in habitat selection measures 
relative to a breeding predator (IV) indicates that there may be a trade-off situation 
between the costs (increased predation risk) and benefits (decreased nest predation risk) 
of settling in proximity to avian predator nests, in this case sparrowhawk (see section 3.5, 
Quinn & Kokorev 2002, IV).  

Breeding sparrowhawks clearly represent the main predation threat to adult flycatchers 
and other adult passerines (e.g., Newton 1986, Götmark & Post 1996, Rytkönen et al. 

 1998). In addition, breeding in proximity to sparrowhawk may lower reproductive 
success and fledgling condition (Geer 1978, Dhondt et al. 1998, IV). However, by 
preying on potential nest predators or their food resources (Sulkava 1964), sparrowhawk 
can also potentially provide protection against nest predation. Using artificial nests, 
Mönkkönen and his coworkers (2000) demonstrated that proximity to goshawk (Accipiter 
gentilis) lessens the probability of nest predation. Nevertheless, a direct protection benefit 
was not demonstrated in the current study and is largely assumed. Clearly, more study 
into the protective benefits provided by Accipiter hawks is required. 
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3.4.2  Reproductive consequences (IV) 

Determining if habitat selection strategies are adaptive is vital. However, the fitness 
benefits of predator avoidance as a habitat selection strategy have, prior to this study, not 
been determined (but see Quinn & Kokorev 2002). This study found no indications that 
direct predation effects varied with distance from hawk nests. However, there were 
substantial non-lethal predation risk effects. Clutch size investment varied with distance 
to sparrowhawk nests. Largest clutches were laid at intermediate distances, with the peak 
at 424 m from sparrowhawk nests. At 424 m, clutch sizes were 11.6% larger than in nests 
10m from sparrowhawks, however, only 2.6% larger than nests situated 630 m from 
sparrowhawks. Furthermore, even with clutch size controlled for, nestling number 
increased linearly by 5.1% across the range of distances. Lastly, with number of nestlings 
controlled for, nestling size showed large increases with distance from sparrowhawk 
nests. Similar to paper III, all relationships were positively linear and translate into 
increases of 5.1% more fledglings, 7.8% in wing length, 25.7% in tail length, 3.9% in 
tarsus length and 6.1% in nestling mass for nests situated between 10 m - 630 m from the 
sparrowhawk nest.  

Birds have been shown to exhibit adaptive phenotypic plasticity in reproductive traits, 
such as clutch size and body mass, relative to proximate environmental factors (e.g., 
Doligez & Clobert 2003). Life- history theory predicts that too large a clutch size relative 
to environmental conditions usually results in low quality chicks being raised (Stearns 
1992). Therefore, largest clutches should be laid where conditions are most favourable 
with smallest clutches corresponding to the poorest conditions. Pied flycatcher females 
appeared to respond adaptively with smallest clutches found in the high predation risk 
vicinity of sparrowhawk nests. In all, these results indicate that female flycatchers gather 
information on the quality of the environment (predation risk) and adjust their investment 
in offspring according to the expected trade-off. These adaptive reproductive investment 
decisions will also have an impact on subsequent predator-prey interactions experienced 
by individuals (Miner et al. 2005). 

Despite smaller clutches, decreasing offspring size still characterised nests in closer 
proximity to sparrowhawk nests. This may be due to several reasons. Firstly, parent birds 
may forage in a heightened anti-predator state, decreasing foraging efficiency through 
altered behaviour (Lima 1998a, b, V). Secondly, breeding in high risk areas may also 
induce physiological stress responses, hormone/protein production and lower body 
condition causing less efficient foraging (Lima 1998a, V) and, lastly, parent birds may be 
reluctant to invest too much in the current breeding attempt due to the increased costs to 
themselves (Verboven & Tinbergen 2002). One possibility is that smaller nestling size 
may be adaptive (fit-for-flight), allowing them to evade sparrowhawk attack (Adriaensen 
et al. 1998). However, fledglings escaping a hunting sparrowhawk seem improbable 
(Newton 1986). Clearly, the above reasons suggest negative implications for nestling size 
and thus for the fitness of their parents. It appears that increased perceived predation risk 
close to sparrowhawk nests results poorer reproductive output. 

The unimodal pattern in initial reproductive decisions (territory location and clutch 
size) suggests an optimal territory location at intermediate distances, whereas 
reproductive output (quantity and quality of nestlings, IV) and parental condition (V) 
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suggest the further from the sparrowhawk the better (IV). This paradox may be the result 
of historically high nest predation rates typical of when flycatchers bred in natural 
cavities (e.g., Walankiewicz 2002). High nest predation risk may still be perceived by 
flycatchers and factored into territory location decisions. Nest predation in artificial nest 
boxes in the study area was extremely rare (only 1.5%, IV). This explanation suggests 
that flycatchers select intermediate distances in order to gain protection from potentially 
destructive nest predators as predicted by our predation risk landscape (see section 3.5). 
An alternative explanation is that this parental behaviour stems from a strategy to ensure 
a predictable as opposed to unpredictable predation risk caused by unknown predator 
nests and floating individuals (e.g., Sergio et al. 2003). 

3.4.3  Physiological consequences (V) 

Animals trade-off time spent in feeding against time spent in antipredator behaviours 
(Lima 1998a). Therefore, an increase in predation risk is expected to result in energetic 
stress to individuals or decreased survival probability. In the pied flycatcher, smaller 
offspring in nests closer to sparrowhawks must be due to the pressures of increased 
predation risk acting on parent birds. This study took a mechanistic approach to 
determine the physiological and behavioural changes in adult flycatchers in high 
predation risk areas that may contribute to smaller offspring being raised (IV). The 
situation during breeding in altricial birds is therefore complicated by the fact that parents 
are required to raise fully dependent offspring. As a result, parents face not only an 
investment trade-off between feeding and anti-predator behaviours, but also between 
current (nestlings) and future (self-maintenance) fitness (Stearns 1992). 

In this study, measures of physiological stress in maternal individuals showed a 
negative linear relationship with distance to sparrowhawk nest. Body condition and stress 
protein levels (HSP60) are known to decline across the breeding cycle in pied flycatchers 
(Moreno 1989, Morales et al. 2004, V). However, individuals breeding in high predation 
risk areas showed a larger deterioration of body condition and maintained higher levels of 
HSP60 than individuals breeding far from sparrowhawks (V). Both measures reliably 
indicate increased stress and can be viewed as a cost of living in habitat of poor quality; 
in this case a high predation risk location. Therefore, across the breeding season, females 
raising young in close proximity to sparrowhawk nests suffered higher physiological 
costs. 

 Increased physiological costs appear to result in decreased body condition due to 
neglect in self-maintenance and therefore implies a long-term survival and fitness cost to 
individuals. A poor habitat selection decision relative to the nests of breeding avian 
predators may then entail a longer-term fitness cost as shown by increased physiological 
stress (V). This is in addition to significant short-term fitness costs, as shown by fewer 
and smaller offspring being produced (III, IV). Indeed, physiological costs associated 
with increased risk may give a mechanistic explanation for lower reproductive output in 
these nests (Gustafsson et al. 1994). Therefore, gathering information as to the location of 
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avian predator nests prior to making habitat selection and territory location decisions in 
order to optimise predation risk (IV) is an adaptive strategy (IV, V). 

This study also provides insights into the consequences of increased predator-prey 
interactions during breeding in birds. For example, several studies have documented mass 
changes in non-breeding birds under increased predation risk, but studies using breeding 
birds are absent. Under increased perceived predation risk, non-breeding birds normally 
reduce body mass (e.g., Lilliendahl 1997, Gentle & Gosler 2001, Rands & Cuthill 2001). 
In breeding birds, studies have focused on explaining the sharp maternal mass loss 
following egg hatching through the incubatory mass constancy (IMC) strategy (Moreno 
1989). Females are thought either to lose mass adaptively in order for more energy 
efficient provisioning of nestlings, or to lose mass due to the increased physiological 
stress of provisioning. Evidence supporting both hypotheses exist (Hillström 1995, 
Merilä & Wiggins 1997). In this study, females nesting in high predation risk areas 
showed increased work load through higher provisioning rates, higher stress protein 
levels and decreased body condition (see also Moreno et al. 2002). This suggests that 
mass loss resulted from increased physiological stress closer to sparrowhawk nests (V). It 
appears unlikely that mass loss may have been adaptive in order to improve predator 
avoidance flight (Kullberg et al. 1998, Lind et al. 1999, Kullberg et al. 2002) or foraging 
efficiency, because nests in high predation risk areas produced significantly smaller 
offspring than those in low risk areas.  

This study further suggests, that increased predation risk, or factors influenced by 
increasing predation risk e.g., work load (Rytkönen & Soppela 1995, Hakkarainen et al. 
2001, V) or maternal body condition (V), caused the increased induction of stress 
proteins in sparrowhawk vicinity. Despite the benefits of HSP induction to maintain 
cellular homeostasis under stressful conditions (Feder & Hofmann 1999), stress protein 
induction is physiologically expensive (Krebs & Loeschcke 1994, Sørensen et al. 2003). 
Due to the costly nature of the physiological stress response, understanding it in response 
to stressors in a spatially and temporally natural setting is important. Stress protein 
induction has been shown in response to parasitism levels in naturally breeding 
populations (Merino et al. 1998, Merino et al. 2002), however, prior to this study (V), 
HSP induction relative to predation risk had only been studied in invertebrates and fish 
(Kagawa & Mugiya 2002, Pijanowska & Kloc 2004, Pauwels et al. 2005).  

Clearly, decreased reproductive output and increased physiological costs associated 
with proximity to sparrowhawk nests (IV, V) emphasises the potential importance of 
habitat selection decisions relative to breeding predators. A trade-off between current and 
future reproduction can only attempt to make the best of a bad situation, but in the long 
run, both short- and long-term fitness suffers from poor habitat selection decisions.  

3.5  The predation risk landscape concept (III, IV, V) 

Due to the costs involved in ignoring the position of avian predators nests during territory 
location decisions (III, IV, V), information gathering about the expected predation risk 
relative to predator nests should be crucial prior to making these decisions. Several 
indirect cues known to be used by birds in making habitat selection decisions, such as 
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public information (Danchin et al. 2004) or the presence and density of conspecifics and 
heterospecifics (Stamps 2001, Mönkkönen & Forsman 2002, I, II, but see III), can be 
attributed to incorporate indirect information about predation risk. However, predation 
risk is a vital component of the environment. Therefore, if direct cues relating to actual 
predator presence are available, we may expect these cues to take precedence over 
potentially obsolete indirect cues or at least be used in conjunction with indirect cues. 

An important attribute of cues used in habitat selection decisions is that they are 
reliable and easy to detect. The nests of avian predators appear ideal in this respect. 
Firstly, it is unlikely that avian predators could fabricate an alternative nest site. Secondly, 
the locations of avian predator nests may be relatively easy to detect during the settling 
phase of habitat selection. For example, nesting Accipiter hawks are conspicuous during 
courtship and defence in the area of their nest (e.g., Newton 1986, Penteriani 1999, 
personal observation), which would make assessment of their nest position relatively 
straightforward. In combination with indirect cues, such the mobbing behaviour of 
neighbours (Forsman & Mönkkönen 2001) (or their presence and density), the position of 
predator nest sites can be quickly assessed after arrival to the breeding grounds, even for 
time limited migrant birds. In support of these arguments, many studies document that 
prey appear to accurately perceive the position of avian predator nests and make habitat 
selection decisions either to avoid these sites (e.g., Norrdahl & Korpimäki 1998, 
Hromada et al. 2002, Roos & Pärt 2004, IV), or settle in close proximity to these sites 
(e.g., Norrdahl et al. 1995, Bogliani et al. 1999, Quinn et al. 2003). 

All avian predators that care for altricial young are central-place foragers for the 
majority of the breeding season. Therefore, with predators commuting back and forth 
from their nests, prey will encounter predators with increasing frequency closer to the 
predator nests (Forsman et al. 2001). The frequency of predator encounters likely 
determines the perceived predation risk, and therefore determines the subsequent 
reproductive investment and behavioural decisions of prey. This anchoring of predation 
risk by CPF predators has been shown to modify prey behaviour in the landscape (e.g., 
Shultz & Noë 2002). Even in the current study area, distance to nesting sparrowhawks 
altered nest defence in willow tits (Rytkönen & Soppela 1995) and mobbing and the 
spatial dispersion in foraging flocks of breeding boreal passerines (Forsman et al. 2001, 
Forsman & Mönkkönen 2001). 

From a prey perspective, using nesting avian predators as cues in habitat selection 
may allow them to settle in predictable adult and nest predation risk gradients, because 
the location of avian predator nests is the foci of (adult or nest) predation risk. At the nest 
of a predator of adult birds (e.g., sparrowhawk), adult predation risk will be highest close 
to the predator nest, but will decrease with distance from the nest. In contrast, the risk of 
nest predation will be lowest in proximity to the predator nest, but will increase with 
distance from the predator nest (Fig. 1, panel A). The result is that settling individuals 
face a trade-off between the costs (increased adult predation risk) and benefits (protection 
from nest predators) of having these predators as neighbours (Quinn & Kokorev 2002, 
IV). For settling individuals, this trade-off will result in an optimal territory location at 
some intermediate distance from the predator nest (IV). I term the spatially predictable 
predation risk gradients as distance emanates from avian predator nests a “predation risk 
landscape” which may affect habitat selection of prey individuals attempting to optimise 
reproductive success relative to direct and perceived predation (see Lima 1987). The 
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predation risk landscape concept may be important in prey habitat selection in any system 
where central-place foraging (CPF) predators occur (e.g., lizards, Chase 1998). Territory 
location will be especially important for prey that are themselves CPFs, as territory 
location determines feeding conditions for that time period.  

Avoidance in habitat selection has even been shown within the avian predator guild 
(Sergio et al. 2003) and provides support for the protection benefits avian predators could 
provide. Similarly, nesting associations between timid and more aggressive bird species, 
in order to gain protective benefits, are common (Haemig 2001 and references therein). 
Therefore, the predation risk landscape could easily be broadened to include nesting non-
raptorial protector species. These associations may be more widespread than is realised 
because they occur at a scale larger than the immediate vicinity of the predator nest and 
are therefore less conspicuous. One characteristic of unimodal relationships is that at 
smaller scales they will appear as linear associations (avoidance in this case). 

Turner and Montgomery (2003), working on aquatic organisms, proposed the 
concept of a “behavioural landscape” creating a mosaic of phenotypes in the 
environment. Our predation risk landscape concept is largely analogous except that it 
refers to the effect of CPF predators and therefore remains fixed and predictable for a 
period of time. The behavioural landscape stems from mobile predators continuously 
altering this landscape, presumably in aquatic environments where chemical cues linger 
for some time. Both concepts realise that at larger scales, the conditions of the prey’s 
environment, in terms of predation risk, may show some spatial predictability. 
Recognising this is fundamental to a proper understanding of predator-prey interactions 
and indeed prey species interactions. 
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Fig. 1. Relative risk curves in relation to distance from a predator’s nest for adult (solid line) 
and nest predation (dashed line). Dotted line refers to optimality of site-selection when there 
is a trade-off between the two types of predation. Optimality is expressed as the inverse of the 
sum of the two types of predation. A. True trade-off situation between the two predation 
types results in a predicted unimodal relationship between distance and relative optimality of 
nesting sites. B. Under heavy nest predation but with little adult predation risk, optimal site 
for prey species is to settle relatively close to a predator to maximise the benefits from nest 
protection. C. When nest predation is not important but there is heavy predation on adults, 
site optimality increases with distance to the predator. D. Refers to a case when both adult 
and nest predation risks are low. 
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4 Conclusions and questions for the future 

Several studies now suggest that a number of migrant species are attracted to increased 
resident densities in northern environments (Mönkkönen et al. 1990, 1997, Elmberg et al. 
1997, Forsman et al. 1998a, 2002, I). These results emphasize that the presence of an 
individual conveys information about the quality of the site (II), and that individuals of 
other species can use that information in their own decision-making. Therefore, although 
information gathering has concentrated on a within-species context (Valone & Templeton 
2002, Danchin et al. 2004), this thesis and other studies highlight that a corresponding 
process may also be common between individuals of different species (see also Coolen et 
al. 2003, Parejo et al. 2005).  

It appears that heterospecific attraction will be favoured as a habitat selection strategy 
at all prevalent resident density in northern environments (I). Experimental manipulations 
of resident densities and subsequent monitoring of migrant responses are needed from 
more southern environments. European-wide variation in the densities of resident Parids 
and migrant Fringillid species, suggests that a unimodal interspecific Allee effect (Allee 
1951) may occur with latitude, because residents densities are frequently higher in 
southern environments (Mönkkönen et al. 2004). In the north, however, by using 
residents as cues prior to habitat selection decisions, migrants manage to settle in 
qualitatively good habitats and are not displaced into poorer habitats as was suggested 
earlier (Herrera 1978, II). Resident species are then a passive component of this habitat 
selection strategy and at least the great tit appears to suffer as a result (II). Evidence also 
suggests that residents in northern forests are passive members of mixed-species flocks, 
because migrants are attracted to their calls (Mönkkönen et al. 1996). 

The competitively superior status of resident birds (Herrera 1978), at least in the north, 
appears inaccurate. Resident great tits clearly suffer from the close association with pied 
flycatchers (II). It appears that during frequent interactions with flycatchers, through 
unknown mechanisms, great tit suffer severe non-lethal fitness costs, in a parasitism-like 
interaction. Previous studies have suggested that great tits are poorly adapted to life in 
northern boreal forests (Rytkönen & Orell 2001) and are also particularly sensitive to 
cold spells (II). Great tits may therefore be particularly susceptible to negative (parasitic) 
interactions with migrant species. It will be interesting to determine the nature of great tit 
interactions with other migrant species. Furthermore, heterospecific attraction studies 
have assumed that all resident titmice are of equal quality as cues in habitat selection and 
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in interspecific interactions. Different titmice species, however, may represent different 
information, and entail different costs and benefits to different migrant species based on 
body size or ecological similarities (e.g., III). Determining and comparing the nature of 
these interactions between different species pairs may be vital to gain an understanding of 
the mechanisms involved in heterospecific attraction and information gathering prior to 
habitat selection.  

This thesis introduces a new concept by which to study information gathering and 
habitat selection relative to predation risk at large spatial scales (Lima 1998a). Indeed, a 
predation risk landscape approach, incorporating several species of avian predators may 
help to explain the structure of bird communities resulting from habitat selection 
strategies. In turn, habitat selection decisions will have clear behavioural implications 
(Rytkönen & Soppela 1995, Forsman et al. 2001, V) and the predation risk landscape 
concept may provide a useful tool with which merge decision making in landscape scale 
habitat selection to behavioural strategies envisaged in behavioural ecology (Lima & 
Zollner 1996). 

Traditionally, avian studies have concentrated on prey habitat selection decisions 
relative to predators of adult birds. More recently, nest predators, with their potentially 
destructive effects, have gained attention as an important factor in prey habitat selection 
strategies (Tryjanowski 2001, Roos & Pärt 2004). The predation risk landscape concept 
merges these two risk types and is equally applicable to the nesting locations of predators 
preying upon both adult and nest. Furthermore, the nests of breeding avian predators have 
either been viewed as cues to be avoided or attracted to. The predation risk landscape 
concept emphasises that each predator entails differential costs and benefits to different 
prey species. Habitat selection by prey relative to predator nests will then be determined 
by the trade-off between these costs and benefits. To gain a proper understanding of 
predator-prey interactions requires the understanding of prey responses in a multiple 
predator environment and predator responses to a multiple prey environment. The 
predation risk landscape concept provides a useful tool with which to start such 
investigations (III, IV, V). 

The nest sites of avian predators are easy to assess when compared with the densities 
of inconspicuous mammalian predators, and are ideal to be used as quick and reliable 
cues. Predictable adult predation risk gradients, anchored by avian predator nests, and the 
possible protective benefits against nest predators they provide, may allow prey to control 
for unpredictable nest predation risk by selecting territories located at an optimal distance 
from the avian predator nests (Fig. 1, panel A). Here the costs and benefits are at a trade-
off. The optimal territory location from the predator nest will be determined by the 
relative importance of adult or nest predation risk for that particular prey species, on the 
predator’s preferences and also the spacing between avian predator nests (Fig. 1). For 
example, the optimal location for a species that suffers high nest predation risk, but little 
adult predation risk will be relatively closer to the predator nest in order to capitalise on 
the protection they provide (Fig. 1, panel B), while a species with very low nest predation 
risk would exhibit an optimal location far from the predator nest to avoid the adult 
predation risk (Fig. 1, panel C). Lastly, a species mostly free of both adult and nest 
predation risk should not exhibit a trend in habitat selection relative to the predator nest 
(Fig. 1, panel D). A challenge for future empirical work is to study these predictions using 
the settlement (and its fitness consequences) of different species, including both cavity 
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and open-cup nesting species, using natural nest sites and avoiding the potential bias 
created by nest box populations. 

Moreover, life history theory may have important implications in the study of habitat 
selection strategies. Combining life history theory with habitat cueing in a predation risk 
landscape provides some additional predictions that should be tested. For example, as 
individuals increase in age, future reproductive output becomes increasingly unlikely. 
Older individuals should then invest more strongly in the current breeding attempt and 
would therefore be expected to select territories in closer proximity to avian predators. 
This would ensure increased nest protection, regardless of the potential long-term fitness 
costs this entails. These differences may further account for some of the variation 
observed in habitat selection strategies. These results demonstrate the advantage of 
combining physiological, ecological and behavioural data to gain a complete 
understanding of the evolution of life history and habitat selection strategies. 

Prospecting or public information gathered the previous year to make current breeding 
habitat selection decisions has recently been emphasized in the literature (e.g., Reed et al 
1999). It has been argued that public information gathered at the end of the breeding 
season better predicts fitness in the following year (Danchin et al. 2001, Doligez et al. 
2003). This thesis, however, highlights the importance of information gathering soon 
after arrival to breeding areas, prior to making habitat selection decisions in order to 
optimise territory location relative to heterospecifics or predators. There is clearly a close 
correlation between territory location relative to heterospecific or predator nests and 
individual fitness (Forsman et al. 2002, Seppänen et al. 2005, II, III, IV, V). Information 
gathering and cue-using relative to conspecifics, heterospecifics and predators appears 
important in habitat selection decision making. A final challenge may be to study how 
individuals use these cues in conjunction with each other. 
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