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Abstract In this paper we review the evidence for a habitat selection process where
colonizing individuals use other species presence as cues to profitable breeding sites.
Our experimental studies in Fennoscandia and North America have shown that den-
sity and species richness of migrant birds breeding in the forests respond positively to
experimentally augmented titmice densities. We used analytical modeling to analyze
ecological conditions, which may favor a habitat selection process where later arriv-
ing individuals (colonists) use the presence of earlier established species (residents)
as a cue to profitable breeding sites. We compared the fitness of two colonist strate-
gies: colonists could either directly sample the relative quality of the patches (termed
samplers) or, alternatively, they could also use residents as a cue of patch quality
(cue-users). Model results suggested that cue-using strategy is more beneficial in
most ecological conditions and that this may result in heterospecific attraction. Fur-
ther field experiments showed that migrant individuals selected nest sites at close
vicinity of nesting titmice, and bred earlier and reproduced better. We conclude that
heterospecific attraction may be a common and widespread process among forest

birds particularly in seasonal environments.
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Heterospecific attraction was coined by Monk-
konen et al. (1990) to describe habitat selection
process where individuals prefer selecting habitat
patches already occupied by individuals of another
species. It was hypothesized that particularly migrant
birds may use residents as cues to profitable breeding
sites in conditions where direct and accurate assess-
ing of the quality of available patches is difficult.
Short available breeding time and large year-to-year
variation in conditions, both characteristics of north-
ern environments, would presumably render het-
erospecific attraction a profitable habitat selection
strategy.

Temperate and boreal passerine bird communities
are comprised of resident and migrant species. Resi-
dents have to cope with local conditions on a year
round basis but migrants are able to avoid the low
phases in food availability by migrating elsewhere for
the temperate winter. Individuals of many species
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show high fidelity to their previous year’s breeding
territory (Hildén 1965). However, because of high
adult mortality approximately half of the individuals
in passerine breeding populations are first time breed-
ers who need to make a selection among potential
breeding sites. Therefore breeding habitat selection
may only be made once in the life of a bird (Cody
1985) stressing the importance of this operation.
Birds obviously use a multiple of cues when se-
lecting breeding sites (Hildén 1965). These include
habitat cues, habitat structure, floristics, food re-
sources etc., as well as information on population
density (Wiens 1989). Also interactions with other
species may influence the occupancy of an area
(Cody 1985). The effect of other species on local
community diversity may either be positive, such as
through heterospecific (see also Slagsvold 1980, Elm-
berg et al. 1997) or conspecific (Alatalo et al. 1982;
Doligez et al. 1999) attraction, or negative through
intra- (e.g., Krebs 1971; Fretwell 1972; Monkkonen
1990) or interspecific (e.g., Reed 1982; Garcia 1983;
Gustafsson 1987; Martin & Martin 2001a, b) compe-
tition. The presence and density of predators may
also decrease the desirability of habitat patches (Mar-
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tin & Roper 1988; Jdarvinen 1990; Suhonen et al.
1994; Hogstad 1995), if settling individuals are able
to actively avoid areas with high risk, as appears to
be the case (Norrdahl & Korpiméki 1998).

The idea that individuals prefer to settle close to
conspecific individuals at least in some species can
be traced back many decades (Lack 1948; Svirdson
1949; Kalela 1952). Stamps (1988) reviewed hy-
potheses to account for such attraction to conspecific
individuals. Aggregated distribution may 1) provide
protection against predators by means of communal
defence or information delivered by neighbours, 2)
benefit an individual if settled neighbours reflect
habitat quality, 3) provide social stimulus and hence
accelerate or improve breeding performance (e.g.
pairing), or 4) improve ability to defend against in-
truders or competitors. In principle, the three first hy-
potheses may apply to heterospecific attraction as
well. First, it has often been shown that individuals of
many species may aggregate to breed in colonies or
clumps for protection against nest and other predators
(Slagsvold 1980). Second, birds are able to recognize
vocalizations of heterospecific individuals, e.g. song
(Monkkonen et al. 1996) and warning calls (Forsman
& Monkkonen 2001; Gunn et al. 2000), and therefore
birds can make use of information delivered by other
individuals. Aggregations of heterospecific individu-
als may also provide social stimulus if, for example,
females are attracted to such ‘hot-spots’ of singing
males, improving or accelerating pairing.

For heterospecific attraction to operate certain eco-
logical conditions must prevail. First, residents must
honestly signal the quality of habitat. This seems a
rather robust assumption. Resident birds are very
likely less time constraint than migrants, and hence,
can invest more time and energy in direct assessing
of the relative quality of available habitat patches.
Migrant birds are more time constrained in their
breeding because in their northern breeding areas
habitat selection, pairing, nest building, reproduction,
and in some species also moulting has to be fulfilled
within just few weeks. Even short delays in the onset
of reproduction may accrue severe fitness costs (von
Haartman 1967; Alatalo & Lundberg 1984; Harvey et
al. 1985; Barba et al. 1995). The presence of resident
individuals is likely an honest signal of predation risk
in a patch, because residents have had time to evalu-
ate the risk of predation or because residents in risky
patches have already fallen victims of predation.
Habitat selection and predation result in spatial varia-
tion in the density of resident individuals in a land-
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scape. Only if such variation existed, would there be
potential for migrants to gain information from resi-
dent abundance.

Second, migrant bird responding to this variation
should be capable of making a choice between differ-
ent habitat patches. In other words, heterospecific at-
traction is more likely applied by a species that have
to process much information from the landscape be-
fore habitat selection, such as habitat generalists ap-
parently have to do (see Dall & Cuthill 1997). Strict
habitat specialists more likely respond directly to
structural or floristic composition of habitats. Third,
for fitness benefits from heterospecific attraction, res-
idents must not cause serious resource depletion for
migrants. If severe competition occurs between resi-
dents and migrants, migrants should avoid settling in
a patch together with residents (Cody 1985). There-
fore, heterospecific attraction is more likely among
species that do not compete over food and in condi-
tions where food depletion is not a risk (food limita-
tion less severe).

In this paper we first provide some background in-
formation on abundances of birds along biogeo-
graphic gradients to exemplify the range of condi-
tions where temperate breeding bird communities de-
velop. In particular, we focus on the relative abun-
dance of migrant and resident species in their breed-
ing assemblages, which form the starting point for
our later studies on species interactions in forest bird
communities. Secondly, we review the evidence, both
theoretical and empirical, for heterospecific attraction
among forest birds. We consider the effects of this at-
traction on both breeding numbers and community
structure as well as on fitness components of breed-
ing individuals. Finally, we provide a discussion
about the generality, importance and conservation im-
plications of heterospecific attraction.

BIOGEOGRAPHICAL PATTERNS IN THE
ABUNDANCE OF RESIDENT AND
MIGRANT BIRDS AND IMPLICATIONS
FOR HETEROSPECIFIC ATTRACTION

A well-known geographic pattern in northern
breeding bird communities is the increase in the pro-
portion of migrant birds of the total species and pair
numbers with increasing seasonality (MacArthur
1959; Wilson 1976; Herrera 1978; Morse 1989). Usu-
ally migrants comprise a larger share of species and
individuals in the north than in the south. This geo-
graphical pattern is clear, for example, in western Eu-
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rope where the proportion of tropical (trans-Saharan)
migrants increases from an average less than 10% in
the Mediterranean region to about 50% in Fennoscan-
dia (Herrera 1978; for North American pattern, see
e.g. Wilson 1976; Morse 1989).

According to Herrera (1978) such a pattern is be-
cause carrying capacity of the environment during the
severe season (winter) regulates the size of resident
species populations below the levels of summer time
carrying capacity, which in turn affects the number of
migrants that may enter the habitats. In other words,
migrants fit in the breeding assemblages in high num-
bers only where resident populations are regulated to
a low level (see also Morse 1989). Resident birds are
usually considered superior competitors over mi-
grants and this interspecific competition would keep
migrant numbers low in areas and habitats where res-
ident densities are high (Herrera 1978; O’Connor
1981). The pattern of increasing proportion of mi-
grants toward north may also be because of geo-
graphical variation in migrant abundance without any
linkage to resident abundance. Helle and Fuller
(1988), however, showed that total migrant densities
do not vary very much from south to north in Europe
indicating that the increasing proportion of migrants
toward north is mainly due to decreasing resident
abundance.

More detailed new analysis by Forsman and
Monkkonen (see Forsman 2000) showed that while
resident densities generally declined with latitude mi-
grant densities tended to peak at mid-latitudes (in
central Europe) and were lower both further south
and north (Fig. 1). The decrease in resident densities
was not linear either, and densities north from 60°N
were invariably low whereas further south highly
variable. The unimodal density pattern of migrants
was common to many genera (Phylloscopus,
Fringilla, and Turdus) and suggests that migrant den-
sities at geographical scale vary independently of res-
ident numbers. The current evidence, therefore, does
not support the conclusion that competition with resi-
dents would cause the geographical pattern in mi-
grant proportions, and calls for alternative explana-
tions.

Forsman and Monkkonen (see Forsman 2000) also
analysed the covariation between titmice (resident)
and migrant (several genera) densities in Europe after
removing the geographical trends in abundances to
find out geographic areas where negative (competi-
tion) and positive (e.g. heterospecific attraction) asso-
ciations between residents and migrants are more
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Fig. 1. Density of different forest bird taxa and species

groups in different parts of Europe based on published census
results (see Forsman 2000). Northern Europe refers to areas
north from latitude 60° and southern Europe to areas south
from 45°. The area between these latitudes was divided into
central Europe (east from 2°E) and western Europe (west from
2°E). Titmice include all European Parus spp. and the Long-
tailed Tit (degithalos caudatus). Generic groups refer to all
species in the genus, and Hole denotes hole nesting passerine
birds other than Parus spp. (Ficedula hypoleuca, F albicollis,
and Phoenicurus phoenicurus).

likely than elsewhere. There were many significant
positive associations but no significant negative asso-
ciations. For example, the density of Fringilla spp.
was positively and significantly associated with tit-
mice densities in northern and central Europe, and
that of Phylloscopus-warblers in central Europe. This
result indicates that positive rather than competitive
interactions may prevail between residents and mi-
grants almost irrespectively of the geographic loca-
tion.

EVIDENCE FOR HETEROSPECIFIC
ATTRACTION:
NUMERICAL RESPONSES

1) Observational evidence

That birds may be attracted to nest close to other
species is a well-known pattern (Durango 1947;
Koskimies 1957; Hildén 1964, 1965). Slagsvold
(1980), for example, found that Bramblings
(Fringilla montifringilla) and Redwings (Turdus ilia-
cus) preferred to nest in Fieldfare (Turdus pilaris)
colonies. These species obviously benefited from
breeding within Fieldfare colonies because of com-
munal defense against nest predators.
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First implications of heterospecific attraction
among putative competitor species were found by
Reed (1982). He demonstrated that Chaffinch
(Fringilla coelebs) territories on the mainland of
Scotland tended to co-occur with Great Tit (Parus
major) territories more often than expected by chance
alone. In island conditions, however, these two
species seemed to compete with each other and occu-
pied non-overlapping territories (Reed 1982). Reed
(1982) concluded that the environment on the main-
land is richer (more food) than on islands. These re-
sults suggest that interspecific interactions may vary
considerably according to environmental conditions
from competition in situations were resources are
limiting (on islands in Reeds case) to positive interac-
tions in others (mainland).

Positive association between territories of two
species may also stem from overlapping habitat re-
quirements or from concomitant settling in rich re-
source. In a playback experiment, where habitat re-
quirements of the species were controlled for, Timo-
nen et al. (1994) demonstrated that two migrants
species, the Chaffinch and the Willow Warbler (Phyl-
loscopus trochilus), did not avoid settlement near or
in resident (Parus spp.) territories. Also in this work,
there was a tendency that migrants aggregated more
than expected at the vicinity of residents. In this ex-
periment, however, food availability was not con-
trolled for and a possibility remained that actually
both residents and migrants preferred settling in high
quality food patches resulting in positive associations
among species.

2) Experimental evidence

To test for numerical response of migrants to resi-
dent abundance in their breeding bird assemblages of
forest birds we have conducted three rather similar
experiments (Monkkonen et al. 1990, 1997; Forsman
et al. 1998). In these studies, we manipulated the oc-
currence of resident titmice (Parus spp.). These ma-
nipulations involved winter-feeding and putting up
nest boxes to attract titmice on part of the study plots,
and removal of titmice from some others. As a result,
at the onset of breeding season migrants could make
a choice between plots devoid of titmice and plots
where titmice densities were augmented. Migrant re-
sponses to manipulations were measured by census-
ing their abundance on experimental plots at the
height of the breeding season when breeding pairs
possess territories. The experimental design where all
plots received both treatments in alternate years ef-
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fectively removed any year, food or site related ef-
fects on the results (for detailed methodology, see
original publications). Heterospecific attraction hy-
pothesis predicts that migrant densities would be
higher in plots with titmice than in empty plots.

Our results, encompassing two different continents
(Europe and North America) and a variety of condi-
tions from north (Lapland) to south boreal forest
zones (Minnesota), were consistent and provided sup-
port for the heterospecific attraction hypothesis. The
general pattern turned out to be a positive response
by migrants to augmented titmice abundance. In all
three locations migrant species richness tended to be
higher when titmice were present than in absence of
titmice (Fig. 2) but this trend was statistically signifi-
cant only in Lapland. In Lapland and central Finland
total migrant abundance responded significantly and
positively to augmented titmice abundances, and in
central Finland and in Minnesota, foliage gleaners
showed a significant positive response. In each area
there were one or two individual species showing
positive, and none showing negative, response to tit-
mice presence.

The only other study, in addition to our experi-
ments, where the effects of heterospecific attraction
on species abundance and community assembly has
been addressed is the work by Elmberg et al. (1998)
on dabbling ducks. In line with our results, Elmberg
et al. (1998) concluded that heterospecific attraction
rather than competition affects species co-occurrence
in dabbling ducks.

3) Theoretical considerations and a test

Our experiments clearly showed that forest bird
species might use each other’s presence as cues in
breeding habitat selection in a wide variety of envi-
ronmental conditions. Results from local experimen-
tal work, however, do not lend themselves to make
far-reaching conclusions about the importance and
generality of the heterospecific attraction as a
process. Therefore, we used analytical modeling to
analyze ecological conditions, which may favor a
habitat selection process where later arriving individ-
uals (colonists) use the presence of earlier established
species (residents) as a cue to profitable breeding
sites (heterospecific attraction) (Monkkonen et al.
1999). In this model, colonists assessing potential
breeding patches could select between high-quality
source and low-quality sink patches. Residents occu-
pied a proportion of the source patches. One patch
can only foster one pair of colonists. Colonists could
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three experimental studies (Lapland, Forsman et al. 1998; Central Finland, Monkkdnen et al. 1990; Minnesota,
Monkkonen et al. 1997). Mean number of pairs for the most strongly responding species is also given (Redwing
Turdus iliacus, Chaffinch Fringilla coelebs, Red-eyed Vireo Vireo olivaceus). Error bars denote =1 SD. ADD
refers to augmented titmice density and REM to removal of titmice from the study plots. Asterisk refers to statisti-
cally significant (P<<0.05) difference between the treatments.

either directly sample the relative quality of the
patches (termed samplers) or, alternatively, they
could also use residents as a cue of patch quality
(cue-users). Cue-users gained benefit from lowered
costs when assessing occupied source patches. We
compared the fitness between cue-users and sampler
in different ecological conditions and varied, for ex-
ample, the proportions of sink, empty source and oc-
cupied source patches, as well as intensity of compe-
tition vs. benefits gained from social aggregations.
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We assumed that colonizing individuals use sequen-
tial-comparison tactic (SCT) when choosing among
patches. It follows from SCT that colonists sample
only a limited number of patches (maximum 5
patches). Our model does not result in an ideal distri-
bution because colonists do not necessarily end up
selecting the best available patch but the best of the
evaluated ones. We used a variant of natural decision
theory where sequences can be depicted with deci-
sion tree diagrams (for details, see Monkkonen et al.
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1999).

The results of the model indicated that the cue-
using strategy is an efficient way to choose the best
possible patch both when benefits from social aggre-
gation exceeded the effects of competition (interspe-
cific competition is not strong) but also when inter-
specific competition is stronger than the benefits (re-
sults in avoidance of occupied patches). Samplers can
achieve higher fitness than cue-users only if the dif-
ference in quality between occupied and unoccupied
source patches is low (interspecific interactions
weak). This was because the relatively more compli-
cated patch selection procedure of cue-users creates
costs, which override the benefits of avoiding the di-
rect assessment of the patch quality, when gains are
low. Consequently, cue-using strategy can be used
both to avoid competition and to aggregate with het-
erospecific individuals. Heterospecific attraction
would occur whenever colonists gained some benefit
from aggregating with residents, which exceeded the
effects of competition.

The model also predicted that the strongest attrac-
tion to heterospecifics occurs when residents occupy
approximately half of high-quality source patches.
This is because in such conditions colonists can truly
make a choice between empty and occupied source
patches. If only few patches are occupied (or empty)
chances of finding one are low and choices between
empty and occupied source patches are infrequent. In
other words, the response of colonists to resident
abundance would not necessarily be linear along a
whole gradient of resident abundance.

To test this idea we conducted a further experiment
in central Finland where resident densities in nine
study plot were manipulated create a spectrum of res-
ident densities, relative to previous year’s unmanipu-
lated densities (Thomson et al. unpublished). In the
first study year titmice were allowed to breed on plots
at natural densities, but before the second breeding
season their densities were manipulated by feeding,
providing nest boxes and removals. Relative changes
in migrant densities were analyzed against the differ-
ence in titmice densities between years. The hypothe-
sis was that intermediate change in titmice densities
would be associated with the highest migrant densi-
ties.

The results were only partly consistent with the
prediction. There was only very little evidence for a
non-linear response. In general the result was a linear
response of migrants as shown in Fig. 3 for foliage
gleaning guild. This pattern matches well with our
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Change in foliage gleaner density

-4
Change in titmice density

Fig. 3. The change in density of foliage gleaning birds be-
tween two consecutive breeding seasons as a response to ma-
nipulated titmice density (pairs/10ha). Titmice densities were
decreased (negative change), kept constant, or augmented
(positive change) between the years. Foliage gleaners’ density
significantly increases with increasing titmice density (regres-
sion slope =1.16, df=7, P=0.032).

earlier experiments and provide further support for
heterospecific attraction. The prediction from our an-
alytical model was not, however, confirmed. This is
very likely because we did not manage to create high
enough titmice densities in our experiment for non-
linear responses to emerge. For example, fitting a
quadratic curve to density response of the chaffinch
in relation to titmice density suggests that the peak in
chaffinch density would be achieved when titmice
density is about 10 pairs/10 ha. Only after that point
would chaffinch densities start to drop with an in-
crease in titmice densities. Maximum densities in our
area were about 6 pairs/10ha, which is rather high
density compared to natural densities in the area, but,
however, far below the threshold point for non-linear
response.

COLONISATION RATES AND FITNESS
CONSEQUENCES OF HETEROSPECIFIC
ATTRACTION ON DIFFERENT
SPATIAL SCALES

1) Habitat selection across scales

Habitat selection of birds is regarded as a hierar-
chical procedure during which factors affecting deci-
sions of colonizing birds vary considerably (Hutto
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1985). On larger scales the influence of individual
choice on selection is probably negligible (Hutto
1985) because the choice of geographical area or
macrohabitat (e.g., forest type) is quite likely strongly
genetically determined (Partridge 1978). However,
the smaller the scale is the larger is the number of the
characters and cues of the environment that can be
taken into account by an assessing individual.

The multitude of different biotic cues affecting
habitat selection suggests that perceptual ranges of
birds can be very wide and following decisions show
considerable behavioural plasticity. Considering the
importance of a certain factor in habitat selection,
however, it is crucial to take into account the scale
where the process takes place and whether or not the
selection decisions are adaptive. Cues that are used
during the selection process may be either nested
across different scales or their effect may take place
on one level only. Our earlier work on heterospecific
attraction emphasize its effect on habitat patch selec-
tion but Timonen’s et al. (1994) study suggested that
it may operate on smaller scales as well, such as on
territory level. To examine the importance of het-
erospecific attraction in more detail we conducted a
set of experiments, which involved two intersecting
spatial scales: habitat patches in the landscape and
territories within a patch (Seppdnen et al. unpub-
lished). In the landscape level we manipulated the
densities of resident birds (Parus spp.) inhabiting iso-
lated forest patches embedded on an agricultural
landscape. In the territory level experiment we stud-
ied the settlement of migrant birds in relation to nest
of Parus spp. In both experiment we used the Pied
Flycatcher as a model species.

2) Colonisation rates

If heterospecific attraction is used by Pied Fly-
catchers (Ficedula hypoleuca) when selecting breed-
ing habitat patches, they should first select patches of
high titmice density. There was a tendency that Pied
Flycatchers preferred high tit density patches to zero
density patches. Both the first male flycatcher of each
study plot and the average arrival day of males
tended to be slightly earlier on high tit density plots
than on zero plots, though not statistcally significantly
(Seppédnen et al. unpublished). Female flycatchers
had no response whatsoever to the treatments.

On the level of territories Pied Flycatchers were let
choose between two nest boxes: the other was close
(25m) and the other one was farther away (100 m)
from an active tit nest. If heterospecific attraction is
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used at this scale, nest boxes adjacent to a tit nest
would be preferred to more distantly located nest
boxes. On the territory level, males clearly preferred
nest boxes closer to the tit nest to the nest boxes far-
ther away. In 25 set-ups, out of the total 36 cases,
males selected first the box closer to the tit nest first.
The observed distribution differed significantly from
random pattern (1-tailed P=0.014 based on resam-
pling). Likewise, females preferred settling to close
by nest-boxes to those farther away (23 vs. 12 boxes
selected first, respectively; 1-tailed P=0.043). It is
known that female flycatchers select the nesting site
according to the quality of the site and not according
to the quality of the male (Alatalo et al. 1986). There-
fore, we can consider female preference as independ-
ent of male selection even though males arrive first
from migration. In this experiment we cannot com-
pletely rule out the possibility that both titmice and
flycatcher, independently, chose higher quality sites.

3) Fitness consequences

At least equally as important as the scale issue is
whether the habitat selection is adaptive or not. Even
though heterospecific attraction results in positive as-
sociation between titmice and migrant densities, it
does not necessarily indicate that using heterospecific
cues is beneficial in terms of reproductive success
(see Pulliam 1988; Martin 1998). We tested if het-
erospecific attraction results in an increased fitness in
the Pied Flycatcher by comparing reproductive suc-
cess in patches where tits nested with patches devoid
of tits using the abovementioned experimental
arrangement.

In general, the presence of titmice had a positive
effect on the reproductive success of the Pied Fly-
catcher (Seppinen et al. unpublished). Flycatchers
were able to start egg-laying earlier, and the time
delay from the female arrival to the first egg was on
average 1.7 days shorter in patches where tits were
present than in patches devoid of tits. Moreover,
nestlings hatched 1.7 days earlier, and there were on
average 0.6 more nestlings in broods in patches with
tits than in patches without tits. Fledglings growing
up in the neighborhood of titmice were larger than in
the nests farther away.

The results of these two experiments clearly indi-
cate two things. First, heterospecific attraction seems
to be an adaptive habitat selection strategy in terms of
reproductive success in the Pied Flycatcher. Second,
the effect of heterospecific attraction on habitat selec-
tion and fitness is potentially working on two over-
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lapping scales; the presence of tits is first used in
roughly comparing the quality of habitat patches at
the landscape level followed by a more fine-tuned
small scale nest site selection with preference to
neighborhood of tit nest sites (see also Timonen et al.
1994). The results of the experiments also provide an
example of nested habitat selection across scales with
possibly cascading effects from titmice presence in
the landscape in terms of higher occupation rates and
reproductive success.

DISCUSSION

To summarize, boreal forest environment provide
an example of a system where using resident species
as cues is a profitable strategy in the breeding habitat
selection of migrant birds. The experiments con-
ducted on two continents indicate that heterospecific
attraction of migrants to titmice increase the diversity
and total abundance in local breeding communities.
Migrant birds apparently use titmice abundance in
comparing the relative quality (food and/or predators)
of habitat patches. Our work at the biogeographic
scale suggests that heterospecific attraction might not
be restricted to boreal conditions but may be a wide
spread process in forests bird communities. Analyti-
cal modeling approach suggested that this sort of cue-
ing from residents in most cases creates fitness bene-
fits and is therefore selected for. This was further
shown in experiments on titmice and Pied Flycatch-
ers. We observed that flycatchers preferred areas of
high tit density in their settlement and, moreover,
their reproductive success was higher in patches with
tits than without them.

Recent theoretical study has suggested that posi-
tive interspecific interactions are plausible, common
and intensive in a wide variety of environmental con-
ditions. For example, Dodds (1988) showed that in
highly seasonal (“boom and bust”) environments,
positive interactions, such as facilitation and mutual-
ism, are selected for. Similarly, Bertness and Call-
away (1994) suggested that positive interactions
should be particularly common in communities under
a severe physical stress (e.g., in highly variable or
seasonal environments) and/or experiencing high
consumer (predation) pressure. Bird communities in
temperate and particularly in boreal settings occur in
conditions that very likely meet these conditions: sea-
sonality is pronounced producing a large difference in
resource levels between summer and winter (Blake et
al. 1994) and predation pressure on adults, nests and
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young birds is heavy (Hanski et al. 1996; Solonen
1997).

We were able to show fitness benefits for Pied Fly-
catchers from settling in patches with titmice, but
many earlier studies, conducted further south in tem-
perate forests, have also shown competitive interac-
tions between flycatchers (Pied Flycatcher or Col-
lared Flycatcher, F. albicollis) and tits (Slagsvold
1975; Sasvari et al. 1987; Gustafsson 1987, 1988;
Merild & Wiggins 1995). For example, Gustafsson
(1987) showed that tits affected negatively the fitness
of collared flycatchers. Potential reason for these
seemingly contradictory results is in the difference in
densities of residents among studies. In these south-
ern studies titmice densities have usually been 2-5
times higher than the highest densities in our study
areas (4-5 pairs/10 ha). Contrasting results in our and
Gustafssonson’s (1987) study suggests that interspe-
cific interactions may change along with different
densities of potential competitors. This matches well
with the results of our analytical model, which pre-
dicted stronger attraction to residents at intermediate
abundance (see above).

The results of the experimental studies indicate
that birds’ readiness to follow heterospecific cues
varies among places and species. Not all species re-
sponded positively to increasing resident densities in
our experiments, and there obviously is much varia-
tion in within-species responses to resident densities
according to local conditions. In what conditions are
species more apt to using heterospecific cues? Young
birds selecting their first nesting sites are very likely
more susceptible to use heterospecific cues than older
individuals, which usually return to their previous
year’s breeding site. Young birds might also be better
off by using heterospecific residents than conspecific
as cues because the presence of conspecifics may not
reflect relative quality of the breeding sites in the cur-
rent year but rather conditions in the past when site
selection was made. Given the extensive between-
year variation in conditions taking one’s cue from
residents is quite likely more beneficial. It follows
that the intensity of heterospecific attraction should
vary according to the proportion of young individuals
in the breeding population. We earlier referred to
habitat generalists as being a species group apt to het-
ereospecific attraction because they are not very
tightly dependent on any particular habitat feature. In
two Finnish experiments (Monkkonen et al. 1990;
Thomson et al. unpublished), we found that the
Chaffinch, an acknowledged habitat generalist,
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showed the strongest response to increased titmice
density. In the northernmost experiment (in this area
the Chaffinch is relatively few in number) the Bram-
bling had also a positive response to augmented tit
densities (Forsman et al. 1998). Brambling is also a
habitat generalist and, in addition, does not show site-
fidelity to previous year’s breeding sites (Enemar et
al. 1984; Mikkonen 1983). Brambling is therefore
free to use external cues in order to find as good
breeding habitat as possible.

The results of the experiments on Pied Flycacher
provide also some evidence about the processes be-
hind the heterospecific attraction. We have earlier
suggested that the presence and density of tits is used
to make quick assessment of relative quality among
habitat patches in the landscape. Our results showed,
that indeed, high tit density patches and nest boxes
closer to the nest of tit were colonized earlier indicat-
ing that tits were used as a measure of the patch and
site quality resulting in increased fitness. Female fly-
catchers in patches where tits were present showed
shorter time lags between arrival and the onset of
egg-laying. Pied Flycatchers, as many other birds, are
time constrained in their breeding and an early start
of the breeding has a positive effect on the reproduc-
tive output (e.g., von Haartman 1967; Lundberg &
Alatalo 1992). Our results also suggest that flycatch-
ers may also benefit from the tits through enhanced
feeding efficiency or predator vigilance.

At the landscape level, heterospecific attraction re-
sults in a clumped distribution of individuals and
species, a common pattern in nature (Hanski et al.
1993). This would explain the common observation
that some seemingly suitable habitat patches remain
empty. If colonization of patches is more generally
dependent on the presence of individuals of other
species, this would further complicate population dy-
namics in patchy landscapes. For example, metapop-
ulation models, for the sake of realism, should incor-
porate interspecific interactions such as heterospecific
attraction. Given the increasing fragmentation of
landscapes taking interspecific interactions into ac-
count when assessing individual dispersal and popu-
lation viability is becoming increasingly important.
For example, many old-forest associated resident
species in Fennoscandia show declining population
trends because of habitat loss and fragmentation (e.g.
Haila & Jéarvinen 1990). This may have negative ef-
fects on migrant species as well, if colonization rates
in remaining patches depend critically on heterospe-
cific cues.
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Our experiments focused only on migrant birds’
habitat selection and fitness, and provided no evi-
dence of whether heterospecific attraction results in a
mutualistic relationship where also residents benefit
from migrants’ presence or benefits are asymmetric
accruing only to migrants. This remains as a chal-
lenge for future studies. The experiments in temper-
ate forests have so far encompassed only the high end
of the resident density gradient; resident densities in
nest-box studies may be unnaturally high compared
to natural densities (e.g. Wesolowski et al. 1987). It
would be interesting to see results from an experi-
ment similar to our flycatcher work conducted in
temperate settings where numerical response and fit-
ness effects were studied over the whole gradient of
resident densities. These results would further test for
the importance and intensity of interspecific interac-
tions (both negative and positive) and even reveal
threshold conditions where originally positive inter-
actions turn into negative ones.
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