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Predation risk effects on fitness related measures in a resident bird
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Predation risk is thought to be highly variable in space and time. However, breeding
avian predators may create locally fixed and spatially fairly predictable predation risk
determined by the distance to their nest. From the prey perspective, this creates
predation risk gradients that potentially have an effect on fitness and behavioural
decisions of prey. We studied how breeding avian predators affect habitat selection (nest
location) and the resulting fitness consequences in a northern population of resident
willow tit (Parus montanus). Data included 429 willow tit nests over a four year period
in a landscape containing a total of 33 avian predator nests. Willow tit nests were
located randomly in the landscape and no predator avoidance in habitat selection or
emptying of territories in proximity to predators was observed. Nestling size, however,
was positively associated with distance from predator nests (n =252). Nestling mass
and wing length were about 4.5% smaller close to predator nests compared to nestlings
raised far from predator nests. Tarsus length also exhibited a positive relationship with
increasing distance from predator nest but this was limited to habitats of young forests
and pine bogs or dense mixed forests (4% increase). It is likely that habitat structural
complexity influenced the perception of predation risk in different habitats. Our results
indicate that willow tits do not provide reliable cues of predator free habitats for settling
migrants. Nonetheless, breeding avian predators may create predictable predation risk
in the landscape which is an important factor affecting reproductive success and
potentially the demography of prey populations.
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Predation risk influences prey survival and fitness, and is
therefore important in shaping animal behaviour and
community organisation (Lima 1998a). In avian com-
munities, for example, predation risk on adults may
affect the spatial dispersion of foraging birds (Forsman
et al. 2001) resulting in the formation of mixed species
foraging aggregations (Forsman et al. 1998b, Morse
1977). In addition, during the breeding season, prey
densities may decrease in the vicinity of breeding avian
predators (Sodhi et al. 1990, Suhonen et al. 1994,
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Hromada et al. 2002, Thomson et al. 2006). This may
be due to direct predation effects of the predator, but
may also be due to predator avoidance where, through a
habitat selection strategy, birds avoid breeding near
avian predator nests where predation risk is higher
(Norrdahl and Korpiméki 1998).

In forested habitats, evidence suggests that small
passerines nesting close to avian predators like sparro-
whawk (Accipiter nisus L.), may incur disadvantages
through decreased survival, reproductive success and
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fledgling mass (Geer 1978, Adriaensen et al. 1998,
Dhondt et al. 1998). Close presence of breeding sparro-
whawks and other avian predators clearly increases the
pressure on nesting variables (Geer 1982, Sasvari and
Hegyi 1998, Gotmark 2002). In contrast, several studies
indicate that predators of adult birds may provide
benefits to prey nesting nearby, for example, protection
against destructive nest predators (Norrdahl et al. 1995,
Bogliani et al. 1999, Quinn et al. 2003). In Accipiter spp.,
new information is emerging that they may provide such
protection (Monkkonen et al. 2000). Therefore, despite
the amount of literature dealing with the effects of
predation risk in birds, surprisingly large gaps still exist
in our understanding, particularly at the macro-habitat
scale (Lima 1998b), of the distribution of nests and non-
lethal fitness costs or protection benefits of settling
under different predation risks (Lima 1998a).

It is clear that the landscape, from a prey perspective,
shows considerable heterogeneity in predation risk. The
crucial question is whether predation risk shows any
predictability so that prey individuals could respond to it
accordingly. Breeding avian predators could create such
predictability when their nests form the central site from
which predation risk stretches into the surrounding
landscape (Suhonen et al. 1994, Norrdahl and Korpi-
miki 1998, Hromada et al. 2002). Gradients of preda-
tion risk are created by hawks commuting between
hunting areas and the nest and are determined by
predator encounter rates, which will be higher closer to
the avian predator nests (Forsman et al. 2001, Thomson
et al. 2006). This will result in increasing perceived
predation risk with decreasing distance to the nest. Thus
far, evidence of non-random prey dispersion relative to
breeding predators comes from structurally simple
environments (Norrdahl and Korpimiki 1998, Hromada
et al. 2002). The impact of breeding predators in forested
habitats and the role of habitat structural complexity
therefore remains unknown (Whittingham and Evans
2004).

In this study, accurate knowledge of the nesting sites
and breeding success of a willow tit (Parus montanus
Conrad) population and their avian predators provides
an opportunity to test the existence of a predation risk
landscape in a resident bird species which holds estab-
lished territories in the landscape year-round. Willow tits
are ideal among cavity nesters as they are excavators
breeding in natural sites at natural densities. Further-
more, three different avian predators also nest within the
landscape in varying numbers each year. During breed-
ing these predators feed to differing degrees on passerine
birds, sparrowhawk almost entirely (Newton 1986,
Rytkénen et al. 1998), pygmy owl (Glaucidium passer-
inum L.) between 43% and 69% (Jedrzejewska and
Jedrzejewski 1993, Kullberg 1995) and Tengmalm’s owl
(Aegolius funereus L.) around 16% (Korpimaki 1981).
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We aim to test whether the vicinity of breeding
predators should be avoided, because high predation
risk negatively affects breeding birds, or alternatively,
whether breeding predators may be sought as neigh-
bours due to protective benefits they may provide.
Therefore, we examined how willow tit nests were
located relative to avian predator nests in the landscape.
The location of willow tit nests relative to breeding
predators also allows testing the hypothesis whether
residents provide reliable cues to safe habitats for settling
migrants, a proposed mechanism for the heterospecific
attraction hypothesis (Monkkénen et al. 1999). Finally,
we aim to test nesting success and nestling quality in
relation to distance from predator nest. How does
increased lethal and non-lethal predation risk deter-
mined by prey dispersion relative to predator dispersion
effect fitness consequences of willow tits and what role
does habitat structure play in this relationship.

Methods

Field procedures

The 23 km? study area, near Oulu in northern Finland
(65°N, 25°30’E), consists of young or middle-aged
forests of birch Betula spp., Norway spruce (Picea abies
L.) and Scots pine (Pinus sylvestris L.). Forestry, natural
bogs and lakes result in a fragmented landscape (Orell
and Ojanen 1983). The willow tit population in this area
has been studied since 1975 (Orell and Koivula 1988).
For this study, willow tit nest data for years 1996—1999
was used because during this time we located all
breeding avian predators in the study area by carefully
searching all known and suitable nesting sites. In total 33
avian predators bred in the landscape during these years
although only sparrowhawks bred regularly in each year,
while the owl species, owing to their larger dependence
on vole numbers, bred in two of the four years (Table 1).

Intensive monitoring of the willow tit population
takes place before and during every breeding season
(from early April to late June). During monitoring,
taped territorial song of the willow tit was played back
throughout the study area. This allows us to identify all
territory holders (and non-breeding individuals) and
with thorough observations of territory holders allows
us to find every nest within the habitat. Breeding data
from each nest, timing of egg-laying, clutch size and
hatching date were routinely checked throughout the
season. Finally, when the brood’s oldest nestlings were 13
days old, all young were ringed and their body mass,
wing, tail and tarsus lengths measured using a standard
procedure across all nests (Orell et al. 1999).

Following laying of the second egg in willow tit nests,
a sturdy wire-mesh cage with a small opening was placed
around nests, which allowed parents to enter their nest
but prevented nest predation by woodpeckers or jays.
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Table 1. Number of willow tit and avian predator nests in the study site in each year.

Species Number of nests in different years (unsuccessful nests)

1996 1997 1998 1999
Willow tit 87 (13) 88 (18) 114 (21) 140 (29)
Sparrowhawk 8 5 5 6
Pygmy owl 2 - 1
Tengmalm’s owl 6 - -

Therefore, in the study area, previously high willow tit
nest predation rates (Orell and Ojanen 1983) have been
eliminated, although indirect or perceived nest predation
risks may still influence parental behaviour and resulting
nestling quality. This setup therefore provides a unique
opportunity to examine the direct and indirect effects of
predation on adult habitat selection and reproductive
success.

Data procedures

The study area was divided into 100 x 100 m squares.
Using aerial photographs and personal knowledge of the
area, each square was classified into 1 of 5 habitat
categories 1) medium aged coniferous forest consisting
of different mixtures of spruce and pine 2) deciduous
forest 3) young forest stand (trees <5 m) or pine bog 4)
dense mixed forest and 5) unsuitable nesting habitat
(treeless bogs, lakes and clear-cuts). If a square con-
tained two or more habitat types, the habitat most
preferred for willow tit nesting was used. Habitat
classifications were the same across years, except in
those squares where clear-cutting had occurred, leaving
them unsuitable. Thus the number of squares suitable for
breeding decreased slightly in each consecutive year. In
each year, the distance of every square (and therefore
every nest) to the nearest predator nest was determined,
ranging from 0 km for squares that contained predator
nests to a maximum of 2.3 km.

Statistical analyses

Willow tit nest distribution (n =429) in relation to three
groups of predators, sparrowhawks, owls and all pre-
dators together was tested for each year. Categories
termed ““all predators” in the resampling results refer to
the combined sparrowhawk and owl effect; however, in
1997 and 1998, in absence of owls, “all predators™ results
mirror those of sparrowhawk results. A re-sampling
programme (Blank et al. 2001) was used to randomly
generate squares, with replacement, in the landscape in
order to create a null model of willow tit nest location
relative to breeding avian predators. The resampling
included two steps, 1) the random selection of a square
and 2) the probability of that square being selected by a
willow tit. For the second step, each square had a habitat
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specific probability for it to be included in the final
sample indicating the preference of willow tits for the
habitat present within that square for each specific year.
The yearly habitat preferences were calculated by finding
the proportion of nests within each habitat based on the
availability of that habitat in the landscape. The propor-
tions were then determined in relation to the most
preferred habitat, with the most preferred habitat having
a value of 1. The number of squares randomly generated
was equal to the number of willow tit nests in that year.
For each run, consisting of 1000 simulations, the average
distance of the randomly generated squares from breed-
ing predators was calculated and compared with the
mean observed distance of nests from breeding predators
in the landscape. If willow tit nest locations show
predator avoidance then expected distances should rarely
be larger than the observed distances. Resampling
analysis was repeated with two other data sets. Firstly,
using only second year (experienced) birds’ nests and
secondly, using the previous year’s predator nest location
to determine current year’s willow tit nest distribution
(possible in years 1997-1999).

The effect of distance to the nearest avian predator
nests (predation risk) was tested, firstly, on the fate of the
nest (direct effects) and secondly, on parental and
nestling quality (indirect effects). Of the 429 willow tit
nests, 81 nests were unsuccessful (no young fledged). A
further 14 nests had lost either parent during the nestling
stage or were not measured when nestlings were 13 days
old. These nests were excluded from nestling quality
analyses, as they were not suitable or comparable
measures of nestling size when analysing the influence
of non-lethal predation risk. Nestling size measures were
averaged within a nest and this was used as the unit in
analysis. Some nests, however, clearly showed extremely
small values indicating some unknown problem with the
nest. We suspect that these nests had a parent bird
missing but, because data was not collected specifically
for the purpose of this study, this was not noted at the
time of nestling measurement. To identify the worst
outliers we used a modified z-score, a method based on
outlier resistant estimators (Miiller 2000, Burke 2001).
The test heuristic states that an observation with an
absolute modified z-score >3.5 is an outlier. We
excluded observations that were labelled as outliers in
one or more of the nestling size measures (mass, tarsus
or wing length, n =9). We feel it is biologically sensible
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and justified to exclude these nests from the analysis of
indirect predation effects.

Nests were pooled across all four years. Fortunately,
the parent birds of each nest are known and we removed
all nests with exactly the same parent birds in years
subsequent to that pair first breeding. Therefore, only
the first nest of any pair is included in the analysis to
avoid non-independence of points. The same bird
breeding in a subsequent year but with a different
partner is regarded as an independent observation. A
total of 71 nests were removed.

For clutch size, number nestlings fledged and nestling
quality measures (dependent variables), an ANCOVA
was performed (n =252). Distance to the nearest avian
predator nest and squared distance (to test for non-
linear/unimodal effects resulting from a possible trade-
off between costs and possible benefits) were entered as
covariates, year and habitat as random and fixed factors
respectively. Furthermore, because the date of first egg
and clutch size may affect nestling quality variables, they
were included as covariates in nestling quality ANCOVA
models in order to control for their effect and reveal the
true effect of predation risk. We transformed dependent
variables where necessary in order to keep ANCOVA
assumptions of homogeneity of variances and normality
of residuals. In every model we included the interaction
between distance to nearest predator nest and habitat.
The mixed-use nature of the study area results in
different habitats of differing structural complexity and
significance of this two-way interaction would indicate
that the effect of distance is not consistent among these
habitats. We used backward elimination if the interac-
tion or quadratic terms were non-significant in order to
simplify the models.

One may argue that each willow tit nest at a given
distance from a predator nest cannot be considered
independent data point because they may share a
common predator. Scheiner (2001), however, suggests
biologically separate units, such as broods, can be
regarded as sampling units, and he argues against the
over interpretation of the pseudoreplication issue.
Nevertheless, to test for a pseudoreplication problem in
our study we re-analysed nestling quality variables using
an alternative approach. We treated predator nests
within a year as independent and assigned each willow

tit nest to its nearest predator. Altogether there were 33
predator nests during 1996-99 (Table 1). For those
predator nests influencing more than three tit nests (n =
21), we ran a regression analysis to assess the role of
distance in relation to the nestling quality variable.
Number of willow tit nests per predator varied between
4 and 17. Model for wing length only contained distance
but for mass we also included clutch size because clutch
size was significant in the full model. We used meta-
analysis (Gurevitch and Hedges 1993, Cooper and
Hedges 1994) to make quantitative summary of the
effects of distance on the wing length and mass of the
fledglings. In other words, we used each predator nest as
independent replicate and assessed if fledgling para-
meters are consistently and significantly associated with
distance to the nearest predator. “Effect size” in a meta-
analysis is defined as the level of statistical relationship
between two variables of interest. We opted for the
Pearson correlation coefficient, r, as a measure of
association between distance and nestling quality. We
transformed the results of regression analyses into z-
transformed correlation coefficients using the procedure
outlined in Cooper and Hedges (1994). Meta-analysis
was run using MetaWin 2.0 (Rosenberg et al. 1997) to
yield an estimate of cumulative effect size. Cumulative
effect size can be considered significantly different from
zero if its 95% confidence interval does not include zero.
Total heterogeneity, Qr, measures if effect sizes are
homogeneous. A significant Qr indicates that the
variance among effect sizes is greater than expected by
sampling error.

Results

Compared with the average distance to predator nest of
randomly resampled positions, observed willow tit nests
were located randomly in the landscape (Table 2). The
proportion of expected distances being greater than
observed distances varied between 0.47—-0.52 for sparro-
whawk and 0.42-0.70 for all predators in 1996, 1998 and
1999. It is therefore clear that willow tit nests were not
located farther from predators than expected by chance.
In 1997, expected distances were frequently larger than
observed distances (p-value =0.83) indicating that ob-

Table 2. Comparison of the distances from the nearest predator nest between the observed (R,ps) and expected/resampled (Reyp)
values for the three predator groups. R, and Ry, values show mean distance to predator nest in kilometres (km). P represents the
frequency with which resampled values are greater than the observed value (opposite to that predicted). A p-value of 0.05 (equals 50
of 1000 iterations) would show significant avoidance of predator nests in observed values.

Year Sparrowhawk Owls All predators

Robs Rexp P Robs Rexp P Robs Rexp P
1996 0.74 0.73 0.47 0.85 0.85 0.56 0.58 0.60 0.70
1997 0.94 0.99 0.83 - - - 0.94 0.99 0.83
1998 0.98 0.98 0.50 - - - 0.98 0.98 0.50
1999 0.90 0.90 0.52 2.46 2.66 0.98 0.80 0.80 0.42
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served nest dispersion trend was slightly clumped. In
1999, there was a significant clumping of willow tit nests
around the single pygmy owl nest present in that year
(Table 2). Using the nests of only experienced second
year willow tits in analysis, as well as using the previous
year’s predator nest locations to determine current year
willow tit nest distribution also yielded no significant
clumping or avoidance around predator nests (unpubl.).

Logistic regression indicates that distance to predator
nests had no influence (linear or non-linear) in determin-
ing willow tit nest success (logistic regression model:
Y3 =14.28, p =0.08). Indeed, nesting failures were on
average slightly further from predators than successful
nests in all years except 1996 (overall: (mean +SE) nest
failures 0.89 km40.005, n =81; successful nests, 0.82
km +0.001, n =348).

Clutch size did not vary with distance from predator
nests (Fj 243 =0.56, p =0.457). This suggests that par-
ental quality did not differ with distance from predator
nests (similar non-significant results were obtained using
date of first egg). Similarly, distance to predator nests
did not influence the number of nestlings fledged from
nests (squared transformation; F»43 =0.32, p=0.573).
Indeed, both clutch size and the number of fledged
nestlings were largely determined by the date of first egg
laid (clutch size: Fy 243 =33.51, p =0.0001; fledged nest-
lings: Fy 243 =7.48, p=0.007).

In the ANCOVA models, with clutch size and date of
first egg controlled for, distance to predator nest
significantly explained nestling wing length (squared
wing length transformation) and mass (cubed mass
transformation) (Table 3). Willow tit nests ranged from
between 0.1-2.0 km from predator nests. In this range of
distance, wing length increased on average by 4.7%,
while nestling mass increased by 4.5% (Fig. 1). For

tarsus length there was a significant interaction between
distance to predator nests and habitat type, which
indicates that the response of tarsus length is not parallel
within different habitats. We therefore performed AN-
COVA separately in the different habitats (habitat 1, n =
83; habitat 2, n =30; habitat 3, n =54; habitat 4, n =85).
We found that in pine bogs and young forests (habitat 3)
and in dense mixed forest (habitat 4), distance to
predator nests significantly influenced tarsus length
(Table 4). Within the range of nest distances in these
habitats, average tarsus length increased by about 4%
with increasing distance (Fig. 2), whereas there were no
increases in other habitats (Fig. 2). Indeed, if nestling
mass and wing length variables are analysed separately
for habitats, similar results are found to those of tarsus
length. For both variables only in habitats of pine bogs
and young forests (habitat 3) and dense mixed forests
(habitat 4) does distance to predator nests emerge as a
significant or close to significant explanatory variable.
For pine bogs and young forests (wing: F47=3.12,
p=0.08, 8.8% increase; mass: F;4;=>5.71, p=0.02,
10.3% increase) and for dense forests (wing: F; ;5=
5.02, p=0.03, 9.5% increase; mass: F;73=4.95, p=
0.03, 8.6% increase).

Meta-analysis showed that cumulative effect size for
fledgling wing length was larger than zero (estimate =
0.14; 95% confidence interval 0.01 to 0.30) indicating
that distance from predators nests has a significant
positive overall effect on wing length. Total heterogene-
ity was not significant (Qr=13.49, df =20, p =0.86)
suggesting that the results from the 21 independent nests
are consistent. For fledgling mass, the effect size was
positive but not quite different from zero (estimate =
0.12; 95% confidence interval —0.05 to 0.33; Qt=
19.27, df =20, p =0.50). Given that there are multiple

Table 3. Summary ANCOVA (type III ss) table showing the response of transformed chick size (mass and wing length) to predation
risk (distance to predator nest). Clutch size and date of first egg are entered as covariates in order to control for the effect of parental
quality and brood size and reveal the independent effect of predation risk (distance to predator nest) on nestling quality.

Source of variation Wing length® MS ( x10°%) F P
df B+SE
Model (R? =0.123) 9 1.683 3.785 0.000
Habitat 3 0.04 0.090 0.965
Year 3 2.385 5.363 0.001
Distance to nest 1 71.39+33.74 1.992 4.479 0.035
Date of first egg 1 0.34743.32 0.0049 0.011 0.917
Clutch size 1 —4.81+11.22 0.082 0.184 0.668
Error 242 0.445
Mass®
Model (R?=0.111) 9 1.784 3.359 0.001
Habitat 3 0.357 0.672 0.570
Year 3 0.747 1.406 0.242
Distance to nest 1 88.75 +36.87 3.078 5.795 0.017
Date of first egg 1 1.68 +3.62 0.114 0.215 0.644
Clutch size 1 —24.68 +12.26 2.155 4.056 0.045
Error 242 0.531
* squared wing transformation.
cubed mass transformation.
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Fig. 1. Simple regression relationship between the distance
from the nearest avian predator nest and untransformed (A)
wing length and (B) nestling mass.

factors affecting fledgling body mass other than distance
from the nearest predator, we still consider this result to
provide consistent indication that fledgling mass in-
creases with the distance from the nearest predator.
Furthermore, because the overall effect size for mass was
positive we think that the non-independence of data

points is not seriously confounding the results of the
overall analysis presented in Table 3.

Discussion

Our study shows that, although willow tit nests were
located randomly with respect to avian predator nests in
the landscape, the spatial anchoring of non-lethal
predation risk that stems from central-place foraging
avian predators does affect fitness related measures. We
found that willow tit nestling size, as indicated by wing
and tarsus length, significantly increased with distance
from breeding avian predators. This result supports the
concept of a predation risk landscape that creates
predictable non-lethal predation risk gradients within
the environment (Thomson et al. 2006). These gradients
will be important in understanding the variation in
behaviour and demography of prey populations at larger
spatial scales.

Complete nest failures were not related to distance
from predators, however, in successful nests larger chicks
(approximately 4.5%) were produced in nests far from
predators than those nearby. Variations in the quality
parameters of offspring are also important in terms of
individual fitness. It is accepted that poor or stressful
conditions result in smaller nestlings (Merild 1997) and
that nestling size, resulting from early development,
determines future survival and fitness (Lindstrom 1999,
Brotons and Broggi 2003). In willow tit, for example,
wing and tarsus length may determine dominance status
within sex and age classes (Lahti et al. 1996), while
dominance in turn determines winter survival (Koivula
et al. 1996). Furthermore, wing length may even have
priority during growth over tarsus length, as fledglings
need to ensure that they leave the nest with the rest of the
brood (Nilsson and Gardmark 2001).

Table 4. Summary ANCOVA (type 111 ss) table showing the response of tarsus length to predation risk (distance to predator nest) in
pine bogs and young forest (habitat 3) and dense mixed forests (habitat 4). Clutch size and date of first egg are entered as covariates
in order to control for the effect of parental quality and brood size and reveal the independent effect of predation risk (distance to

predator nest) on nestling quality.

Source of variation Tarsus length MS F P
df B+SE

Pine bogs and young forest
Model (R? =0.242) 6 0.312 2.497 0.035
Year 3 0.312 2.499 0.071
Distance to nest 1 0.3074+0.13 0.702 5.617 0.022
Date of first egg 1 0.012+0.01 0.151 1.212 0.277
Clutch size 1 0.057+0.05 0.181 1.452 0.234
Error 47 0.125

Dense mixed forests
Model (R =0.175) 6 0.498 2.754 0.018
Year 3 0.345 1.904 0.136
Distance to nest 1 0.376 +0.13 1.515 8.373 0.005
Date of first egg 1 —0.006+0.01 0.039 0.215 0.644
Clutch size 1 —0.019+0.04 0.046 0.254 0.615
Error 78 0.181
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These willow tit results support the concept of a
predation risk landscape. Increased frequency of anti-
predator behaviours, resulting in apprehensive foraging
of parents, close to predator nests over the time scale of
the nestling period may result in smaller nestlings
produced in these nests. For example, willow tit nest
defence was shown to vary with distance from sparro-
whawk nests (Rytkonen and Soppela 1995), as was the
spatial aggregation behaviour and response to mobbing
calls of the whole passerine bird community (Forsman
et al. 2001, Forsman and Monkkonen 2001). As an
alternative explanation, smaller prey nestlings in the
vicinity of breeding predators may result from poor
quality prey nesting in these areas. While our results on
clutch size variation (and date of first egg) with distance
from predator nests suggests this was not a problem,
further study into the habitat selection strategies across
prey quality will prove valuable. Nevertheless, predation
risk can also be considered as an important character-
istic of habitat quality affecting individual behaviour and
in turn fitness.

One assumption made by the predation risk landscape
concept is the even distribution of hunting around the
central nesting site by the predator. Individual predators
are unlikely to perfectly distribute hunting trips equally
around their territory and this is a potential source of
heterogeneity to otherwise predictable predation risk
gradients. Furthermore, the degree of prey specialisation
by individual predators may provide a further source of
heterogeneity, although while this may influence the
predictability of direct predation risk, its influence on the
predictability of indirect (perceived) predation risk is less
likely as any encounter with a predator, regardless of its
intentions, may be stressful.

OIKOS 113:2 (2006)
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Non-lethal predation risk effects, resulting in smaller
nestlings, were strongest in two habitat types (about 55%
of nests). We cannot give unequivocal explanations for
this trend but two reasons are most likely. The habitat of
young forests and pine bogs is structurally the simplest,
which matches well with findings that structurally simple
habitats emphasise the results of predator—prey interac-
tions by increasing predator encounter rates compared
with more diverse habitats (Crowder and Cooper 1982,
Gilinsky 1984, Persson and Eklév 1995, Lewis and Eby
2002). Indeed, earlier studies on predator avoidance of
birds relative to breeding predators have occurred in
open, structurally simple landscapes e.g. farmlands
(Sodhi et al. 1990, Suhonen et al. 1994, Norrdahl and
Korpimiki 1998, Hromada et al. 2002, Roos and Pirt
2004) or tundra (Meese and Fuller 1989). On the other
hand, strong predation risk effects were found in dense
mixed forest, which is clearly at the other end of the
complexity continuum. This result may be due to the
influence of multiple predators with different hunting
tactics (Kotler et al. 1992, Lima 1992). Dense and
relatively young forests are also preferred hunting
habitats for sparrowhawks (Marquiss and Newton
1982, Selds and Rafoss 1999). The intensity of pre-
dator—prey interactions seems thus to be somewhat
habitat-dependant varying between structurally open
habitats and closed forests but also among different
vegetation types within the forest (Forsman et al. 2001).

The observed costs (smaller nestlings) associated with
breeding in proximity to avian predators should be
reflected in habitat selection or behavioural tactics.
However, we observed random placement of willow tit
nests with respect to avian predator nests. Geer (1978),
working on resident tit species in Britain, observed a
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decrease in nest box occupation in close proximity to
sparrowhawk nests. A nesting depression may result from
direct predation of prey in territories around predator
nests in spring. This was not evident in our willow tit
population. Sparrowhawks, however, over-winter in Brit-
ain allowing resident species to sample predation risk
before making habitat selection decisions. In the north,
willow tits are residents that hold territories and may
even begin nest excavation before sparrowhawk arrival. It
may therefore be too costly (or impossible) to establish
new, low predation risk territories, if an avian predator
has settled close-by and the benefits of having a life-long
permanent territory are cancelled. Indeed, predator
avoidance studies in the north largely deal with migrant
species (Suhonen et al. 1994, Norrdahl and Korpiméki
1998). Alternatively, the costs associated with close
proximity to avian predators may not be that crucial.
For example, because we eliminated nest predation,
nesting failures were likely due to the death of parent
birds. As a result, our data suggests that direct predation
did not increase closer to predator nests. Furthermore,
nesting in the vicinity of potential predators may even
involve benefits. Studies indicate that predators of adult
birds may provide protection against destructive nest
predators (Norrdahl et al. 1995, Ueta 2001).

In northern boreal forests, migrant passerines have
been shown to use resident Parids as positive cues in
breeding habitat selection, resulting in increased migrant
densities with increasing resident densities (Monkkonen
et al. 1990, Forsman et al. 1998a, Thomson et al. 2003).
In these studies, the densities of resident titmice were
manipulated prior to migrant arrival and the settling
response of migrants was measured. Three possibilities
may account for cue-using and the subsequent fitness
benefits (Forsman et al. 2002). First, residents may
indicate high quality habitats in terms of food abun-
dance, or second, in terms of safety from predators.
Third, migrants may benefit from frequent social inter-
actions with residents. Our results suggest that willow
tits, due to random nest locations relative to perceived
predation risk, are not reliable cues with regards to
relatively safe habitats and therefore that a key mechan-
ism of the heterospecific attraction hypothesis is refuted.
Nevertheless, residents may still provide reliable cues to
optimal habitat when the interactions of many factors
are combined. Particularly, there may be social benefits
to migrants when associating with resident parids (Fors-
man et al. 2002, Seppédnen et al. 2005). Future work
could test the same mechanism using great tits (Parus
major L.) which settle later in spring. In fact, different
Parid species likely provide cues to different biotic or
abiotic factors of relevance to different migrant species.

Lowered fitness related measures in willow tit nests
closer to predator nests support the concept of a
predation risk landscape. Although predictable gradients
in predation risk did not appear to affect the location of
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willow tit nests, they may be accurately perceived in
other prey species (Thomson et al. 2006). This might
allow us to predict how non-lethal risk will affect the
ecology of species at a far larger temporal and spatial
scale than has previously been possible. It further seems
likely that the intensity or quality of prey species
interactions will vary relative to breeding avian preda-
tors. Therefore, by providing predictability to predation
risk on a landscape scale, the predation risk landscape
concept may allow us to better understand variation in
these interactions.
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