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Abstract

Information about resource quality may be assessed from observing the presence and
behaviour of other individuals. Migrant birds are time-constrained in sampling breeding patch
quality. Therefore they would be assumed to benefit from using the presence of heterospecific
residents with similar habitat requirements, competitors by definition, as a cue for profitable
breeding sites. Resident density in forest patches would thus be assumed to reflect habitat
quality and migrants would be expected to make the highest investments in reproduction at
intermediate resident densities, where the quality of the habitat compensates for the cost of
competition. To test this prediction, the presence of resident titmice (Parus spp.) in 13 forest
plots were manipulated to get a range from low to very high resident densities. The response
by a migrant bird, the collared flycatcher (Ficedula albicollis), to the manipulated resident
densities was measured as the investment in reproduction (start of egg laying, clutch size and
the proportion of philopatric offspring) and the breeding success (quality and survival of
nestlings). Adult phenotypic traits were also measured to investigate the possibility that tit
density manipulations would affect adults’ settlement decision in terms of their body
characteristics and age. Phenotypic condition or age of adult flycatchers did not reflect their
choice of breeding patch. The reproductive investments made by flycatchers showed a
unimodal function of tit density, the highest investment was made in the intermediate tit
density plots. The flycatchers started breeding earlier, had larger clutch sizes and produced
more of the philopatric sex in the intermediate tit density plots than in the high and low tit
density plots. The reproductive success showed a negative linear relationship, the quality and
survival of the offspring being highest in the low tit density plots and lowest in the high tit
density plots. The mismatch between reproductive investment and success in the low- and
intermediate tit density plots indicates that flycatchers made a false prediction about habitat
quality, thus showing that they use the density of tits as a cue of habitat quality and the
amount of interspecific competition. The results also show that interspecific interactions
between competitive species do not always have to be negative as traditionally thought. The
increase of reproductive investment of flycatchers from low to intermediate tit densities
shows that the presence of heterospecifics with similar habitat use may be beneficial for
individuals. This is though only true as long as the quality of the habitat compensates for the
negative effects of competition.
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Introduction

The quality of the breeding habitat is one of the most important factors affecting the
individual fitness (Alatalo et al. 1986). Abiotic factors, food and nest site availability,
interactions with conspecific and heterospecific individuals, as well as mortality through
predators and parasites affect the breeding success and survival of the parents. Therefore,
breeding habitat selection can be assumed to be under strong selection towards better choices
(Jaenike & Holt 1991; Martin 1998).

In theory, an individual should sample as many sites as possible to find the best possible patch
to breed in. However, usually this is not possible in seasonal environments where individuals
migrate or are inactive during the lean season. Migratory birds breeding in extra-tropical
environments face such a situation. Delays in the onset of breeding incur fitness costs (Barba
et al. 1995) and competition over territories or nest holes (Reed 1982; Gustafsson 1985) may
create pressure for individuals to choose breeding sites as quickly as possible. How do
animals then select the best habitats that would maximize their fitness?

There are two ways to acquire information about the environment. First, animals could gather
personal information (see Danchin et al. 2004) by interacting with the environment through
trial-and error, but the accurate assessment of resource quality and availability is often
difficult and time consuming. If the environment is patchy and the differences in quality of
the patches are hard to detect, it may be impossible for an individual to be able to assess a
sufficient amount of patches to make a good choice. Secondly, Kiester and Slatkin (1974)
proposed that individuals could use conspecifics as cues to resources, i.e. socially acquired
information (see Danchin et al. 2004). Thus, individuals can observe the movements,
densities and activities of conspecifics and use this information in their own decision-making
process. If territories vary in quality but resources are difficult to assess, individuals might
prefer to settle near one other, since the presence of others with similar habitat requirements
should indicate presence of resources as well as low predator densities. For example, Alatalo
et al. (1982) showed that pied flycatcher (Ficedula hypoleuca) newcomers use the presence of
established males as a guide to locating suitable nest sites. Stamps (1988) showed that
juvenile lizards (Anolis aeneus) preferred to settle territories adjacent to territories of
conspecifics rather than near unoccupied microhabitats even if both occupied and non-
occupied microhabitats were equivalent in resources. She also proposed that juvenile lizards
monitor neighbouring territories and prefer to compete for previously used territories, rather
than seek comparable territories that have lacked an occupant (Stamps 1987).

Group foraging researches have contributed with theories and experimental evidence about
information acquisition from conspecifics in the last decades. Socially acquired or given
information does not have to be based on signals that are selected for to convey information,
but on cues provided inadvertedly by other individuals. The inadvertent social information
should be an honest cue for the observers, since the producers are trying to perform as well as
possible, and the information is not intentionally produced (Valone & Templeton 2002;
Danchin et al. 2004). Presence of other individuals can indicate presence of resources
(attraction) or graded information about the quality of the resources in different patches can
be obtained when monitoring the performance of other individuals, i.e. public information
(Valone 1989). Experimental studies of information use in the group foraging context have
shown that starlings (Sturnus vulgaris) and red crossbills (Loxia curvirostra) acquire
information about patch quality by following sampling activities of others: individuals sample
less in an empty patch before departure when observing other unsuccessful individuals in the
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same patch, than when sampling alone (Templeton & Giraldeau 1996; Smith et al. 1998). A
red crossbill that finds plenty of seeds when foraging can abandon a tree if observing that his
flock mates have less success on the other side of the tree (Smith et al. 1998). Inadverted
social information from other individuals is shown to be used also in other contexts than
group foraging, as in breeding habitat choice when habitat quality is assessed from the
breeding success of others (Doliqez et al. 1999, 2002, 2004; Parejo et al. 2005) and examples
from mate choice studies show that females may even copy the choice of males of other
females when differences between males are hard to detect (Deutsch & Nefdt 1992; Gibson &
Höglund 1992).

Historically it has been suggested that species with overlapping resource requirements are
competitors, which should lead to niche differentiation and non- or small overlaps in habitat
use (MacArthur 1958; Martin 1996, 1998). However, some studies show that bird species
with overlapping habitat requirements co-occur more often than expected by chance alone
(Slagsvold 1980; Reed 1982). It could be profitable for migrating birds to be attracted to areas
with resident birds, i.e. heterospecific attraction hypothesis (Mönkkönen et al. 1990).
Resident birds, that do not migrate, can be expected to be familiar with their breeding areas
and pick up the best territories because they are not time constrained in assessing habitat
quality. If the migrant and resident species have overlapping habitat requirements, the resident
bird density can be expected to reflect habitat quality through direct (increasing habitat quality
promotes higher population density through habitat selection, Fretwell 1972) or indirect
processes (e.g. through predators operating in winter). Thus, the more similar the species are
the more reliable information the heterospecific species may provide.

Experiments with manipulated titmouse (Parus spp.) densities support the heterospecific
attraction hypothesis by showing that migrant birds increase in density and species abundance
with increase in resident tit densities in northern bird communities. None of the studies
showed any negative response on migrants to titmice presence, which indicates that food is
not a limiting resource in the study areas (Mönkkönen et al. 1990, 1997; Forsman et al. 1998;
Thomson et al. 2003). Heterospecific attraction seems to apply in other systems too, Elmberg
et al. (1997) found a positive association between mallard (Anas platyrhynchos) and teal (A.
crecca) in lakes in the breeding season and hypothesized that teals use the presence of
mallards, who arrive first to breeding grounds, as a cue for a profitable breeding sites.

In an experiment on both landscape and nest-site scale Forsman et al. (2002) showed that pied
flycatchers (Ficedula hypoleuca) gain fitness benefits when breeding in association with
resident tits. Their results indicated that the presence of residents in a patch provide faster
information for flycatchers about the resources in the habitat, which enables them to start
breeding earlier resulting in a higher reproductive success. The parents breeding in nest boxes
close to a tit nest had also higher quality offspring than parents breeding further away from a
tit nest, which could mean that breeding close to residents might even provide social benefits
such as enhanced foraging success and reduced vigilance costs (Pulliam & Millikan 1982).

The results by Forsman et al. (2002) conflicts a previous study showing a negative
relationship between the collared flycatchers (F. albicollis) fitness and the densities of
resident tits (Gustafsson 1987). The conflicting results from the two studies might be due to
the difference in the maximum densities of tits. Forsman et al. (2002) reached a maximum of
0.56 breeding pairs of tits per ha in their study plots in northern Finland, whereas Gustafsson
(1987) reached almost up to three pairs of tits per ha on the island of Gotland in the Baltic
Sea.
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Box 1

Sex allocation theories

Frequency dependent selection stabilizes the sex ratio near
equality, since when sex ratio of a population is skewed
towards one sex, individuals would benefit from investing in
the other sex (Fisher 1930; Frank 1990). If the required
investment differs between the sexes, and/or the relative
fitness of sons and daughters are affected by environmental
factors, then parents may gain fitness benefits when biasing
the sex ratio towards the sex with the highest fitness (Trivers
& Williard 1973; Charnow 1982). Considering a philopatric
species, the sex ratios should be biased towards the
philopatric sex if the quality of the breeding area is favorable,
and towards the dispersing sex if the local conditions are
unfavorable (Julliard 2000).

When taken together, the results from Forsman
et al. (2002) and Gustafsson (1987) indicate that
the direction of interspecific interaction and its
consequences may change as a function of the
density of the competitors (fig 1) (Mönkkönen et
al. 1999; Forsman et al. 2002). Habitats with low
competior (species 1, fig. 1) density would not
be preferred by an inferior species (species 2, fig.
1) even when competition is low, since the
absence of species 1 would indicate low quality
habitat. The highest fitness for species 2 is
reached at the intermediate density of species 1,
where the quality of the habitat compensates for
the negative effects of competition. When
density of species 1 increases to a point where
habitat quality no longer compensates for the

negative effects of competition, the result is decreased fitness for species 2. This could be
illustrated by that individual fitness or the direction of interspecific interactions is a unimodal
function of the density of competitors (fig. 1).

The purpose of this study is to examine whether migratory birds use the density of resident
heterospecifics as cue for habitat quality and the level of competition when making
reproductive decisions. I conducted an experiment to test the unimodal hypothesis of
heterospecific attraction by manipulating breeding densities of tits (Parus spp.), ranging about
0 - 4 tits/ha, and measuring the collared flycatchers (Ficedula albicollis) response.

The model makes the assumption that resident density reflects the habitat quality positively
when no competition exists. If
collared flycatchers are using
the tit density as a cue for
habitat quality, they will invest
more in the intermediate tit
densities and I expect a
unimodal distribution of
reproductive investment,
measured as date of first egg,
clutch size and ratio of
philopatric offspring (Box 1).
As male collared flycatchers
are more philopatric to their
natal areas than females, i.e.
return to breed where they
were born, and females
disperse (Pärt 1990), parental
fitness will increase if more
males are born in “high fitness
areas” as male offspring will
return to breed in these areas.
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Fig. 1. The change in the direction and result
of interspecific interactions of species 2 with
increasing density of potential competitor,
species 1. See text for explanation.
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As tit densities are manipulated, the densities will not reflect habitat quality but only be
associated with higher levels of competition. Therefore, I expect that the collared flycatchers
reproductive success will decrease linearly with tit density. Reproductive success is measured
as fledgling tarsus length, weight and survival. Thus, this experimental design will allow me
to test the unimodal hypothesis of heterospecific attraction, as well as if migrating birds use
resident heterospecifics as a cue when making reproductive investment decisions

Methods

Study species
The Collared flycatcher (Ficedula albicollis) is a small migratory passerine bird, which over-
winter in Africa and breeds mainly in eastern- and central Europe, except for two isolated
breeding populations on the Baltic islands of Öland and Gotland. The breeding period is short:
the first males arrive on Gotland during the last week of April to find a suitable territory and
females arrive a few days later than the first males. The flycatchers lay their first eggs around
May 20 and migration usually starts in mid-august (Pärt 1991). Blue tits (Parus caerulens)
and Great tits (P. major) are superior competitors for nest boxes and food over the collared
flycatcher (Gustafsson 1987). They also feed their young with similar food -e.g. insects and
caterpillars (Gustafsson 1985). The majority of tits on Gotland are residents and they start
building nests before the first flycatchers arrive and the first eggs are laid around May 1.
Since both flycatchers and tits are hole nesters and prefer nest boxes to natural cavities, they
are easily studied, and the population densities manipulated by providing nest boxes
(Gustafsson 1985).

Study site
The study was conducted in spring and summer 2005 in the southern part of the island of
Gotland in the Baltic Sea (57°10’ N, 18°20’ E). 13 plots of sizes ranging from 3 to 7 ha were
used in the study. Most of the plots were deciduous woodlands, often with grazing animals.
The vegetation was dominated by oak (Quercus robur), ash (Fraxinus excelsior) and birch
(Betula spp.), sometimes with a dense understory of hazel (Corylus avellana) and hawthorn
(Crataegus spp.). A few plots were dominated by pine (Pinus sylvestris). The habitat between
the plots was not suitable for hole-nesting birds, consisting mostly of farmland.

Tit density manipulation
For the tit (Parus spp.) density manipulation the 13 study plots were divided into three
different treatments, four low, five intermediate and four high tit density patches. The patches
were randomly assigned to treatments to control for the effect of differences in habitat quality
between the patches. Nest boxes were put up previous autumn to attract tits to the plots and
were distributed in a grid system with 50 m to the nearest neighbouring box. In the low tit
density treatments all nest boxes were blocked to avoid tits to breed in them. In the
intermediate plots enough boxes were open to get the aimed density of tits. No nest boxes
were blocked in the high tit density areas. The low-density areas were censused by the
territory mapping method (Enemar 1959) to detect tits breeding in natural cavities. Each plot
was censused 5 times between mid- May and the first week of June and all the observed tits
were noted on schematic survey maps. If a tit was observed at least twice of the five surveys
around the same place, it was considered to be a territory. The densities of tits reached by the
manipulation were 0,33-0,8 pairs/ha in the low treatments, 0,86-1,4 pairs/ha in the
intermediate treatments and 1,73-3,87 pairs/ha in the high-density treatments.
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The abundance of potential breeding sites (nest boxes) may affect the breeding investment
decisions of females (M. Hjernquist, unpublished manuscript). Therefore the density of
available nest boxes for arriving flycatchers in the study plots was set to 3 nest boxes/ha and
the rest of the unoccupied boxes were blocked. This would also minimize the difference in
flycatcher densities in different plots to control for intraspecific competition. In case of
shortage of empty nest boxes in the high tit density treatments, additional nest boxes were put
up to reach the right density of available boxes for flycatchers.

Flycatcher data collection
A total of 121 flycatcher nests were laid in the study plots. To record the laying date (date
when the first egg was laid, recorded as number of days since start of the experiment) and
clutch size, every box in the patches was checked every fourth day until first week in June.
After end of May practically no new nests appeared. Since the flycatchers lay one egg per
day, the laying date can be counted from the number of eggs in the nest during egg laying.
The female was caught during incubation with a trap in the entrance of the nest box and the
following measurements were taken: age (1 year old/2 years old or older), tarsus (to the
nearest 0,01 mm) mass (to the nearest 0,25 g) and beak length (to the nearest 0,01 mm). The
hatch date was recorded for every clutch by checking the box daily from 11 days after
assumed start of incubation, which is laying date plus clutch size. Blood samples from chicks
were taken the day after hatching for sexing and from dead chicks a tissue sample was taken.
Unhatched eggs were collected earliest a week after hatching of the clutch and tissue samples
from embryos were taken in case it was detectable. In a few cases chicks had hatched after the
blood sampling of the clutch and were big enough to have feathers when we arrived at the box
next time. Of those chicks feathers were taken for sexing.

The male was caught and measured while feeding the chicks in the same way as the female,
and in addition to measurements of the size of the forehead patch, the same measurements
were taken as from the females. At 13 days of age, which is approximately one day before the
first chicks leave the nest (Gustafsson 1985), the chicks were measured for tarsus length (to
the nearest 0,01 mm) and mass (to the nearest 0,1 g), with a digital calliper and a digital
balance respectively.

Sexing
The sex of all chicks and embryos was determined molecularly. DNA from all samples was
extracted using 5% Chelex, and two homologous genes on the sex chromosomes (Z and W)
were amplified using the primers P2 and P8
(Griffiths et al. 1998). 10 µL PCR reactions (1 µL
DNA, 6.742 µL H2O, 1 µL buffer mix, 0.53 µL of
each primer, 0.132 µL dNTP and 0.66 µL TaqGold)
were denaturised at 94°C for 2 min followed by 35
cycles at 94°C for 20 s, 48°C for 30 s, and 72°C for
30 s. The products were visualised using silver
staining (Bassam et al. 1991). As females are the
heterogametic sex their product contained two
different sized bands (Z and W products) whereas
males only contain a single band (two copies of the Z
product) (Fig 2). To control for the accuracy of the
technique, 37 adult individuals of known sex were
included and all were assigned to the correct sex. All
633 samples were successfully sexed.

M      F        F       M

Figure 2. The products from sexing
visualized by silver staining. Males
show only one band, whereas females
show two bands.
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Data analyses
For all analyses the mean values of the brood were used, brood being the sample unit. Such an
approach, however, does not control for plot effects, i.e., that plots may have some unknown
factors affecting all the broods breeding in that study plot. Because all study plots had their
own unique tit density, plot effect was not possible to control for by using nested design
(Scheiner 2001). Individual broods can also be considered as independent sampling units
(Scheiner 2001). Using grand means of the study plots as sampling units would lead to great
losses of information. High number of study plots will most likely level off and control for
any directional plot effects. Therefore I feel that this approach is statistically and biologically
justified.

Broods with one single parent or hybridizing parents (F. hypoleuca x F. albicollis) were
excluded from all analyses, as well as broods with disappeared eggs from the sex ratio
analyses, to not bias the outcome. Normal distribution of the data was checked by normal
quantile plots (Sokal & Rohlf 1995) and all but survival and sex ratio data was analysed using
regression analyses with STATISTICA 7.1 software. Generalized linear models (GLM) were
used to analyse the survival and sex ratio with binomial error structures, logit link functions,
and the appropriate denominators in JMP 6.0. For the survival analyses the scaling parameter
(2.08) was altered to adjust for over-dispersion.

Reproductive investment, i.e. lay date, clutch size and proportion of male offspring, were
expected to have a unimodal response on tit density, thus tit density and squared tit density
were therefore used as independent factors. Measures of reproductive success on the other
hand were expected to have a negative linear relationship with tit density, but squared tit
density was included in the models as an independent factor at first to not disregard a possible
response. For all models clutch size and lay date were included when appropriate to control
for any potential effects. To reach the most parsimonious model, insignificant factors were
dropped out from the model.

To check if the choice of breeding site and therefore potentially the offspring quality in
different plots is affected by the parental quality, both unimodal and linear regression analyses
were conducted with adult phenotypic measures, i.e. tarsus length, weight, beak length and
male forehead patch size over tit density, and one pair was considered a sample unit. To
examine whether tit density manipulation affected ages of adult birds, a plot-wise proportion
of the young males and females of the breeding population was calculated and it was
regressed with tit density. If tit density cannot explain proportion of young birds, it suggests
that manipulation did not affect adult ages.

Results

Adult measures
The body characteristics of adults did not differ relative to the manipulated tit density (table
1). For example, the size of the forehead patch of males did not differ between tit densities,
nor was there any correlation between parent body mass or size and tit density. Tit density and
squared tit density did not explain proportion of young adults in study plots (Regression
analyses, proportion of young female: F2,10 = 1.741, r2 = 0,26, p = 0,225; proportion of young
male: F2,9 = 2,353, r2 = 0,34, p = 0,151). Thus, the parents are considered to be a random
sample from the adult collared flycatcher population.
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Table 1. Regression analyses on adult collared flycatcher
phenotypic measures versus tit density in breeding patches.

adult characteristics Fdf,error r2 p

male forehead patch 1,0612,76 0,027 0,351
male beak length 0,7202,79 0,018 0,490
male tarsus length 0,4602,79 0,012 0,633
male body mass 0,1442,79 0,004 0,866
female beak length 0,5882,93 0,012 0,557
female tarsus length 1,3112,93 0,027 0,274
female body mass 0,3112,93 0,007 0,733

Reproductive investment
In line with our predictions, the reproductive investment showed a unimodal response to tit
densities (fig. 3). The flycatchers started egg laying earlier in the intermediate tit density plots,
while the onset of egg laying was delayed in the low- and high tit density plots (fig. 3a, table
2). Clutch size tended to peak in the intermediate tit densities (fig. 3b, table 2). Further, the
date of the first egg influenced the clutch size significantly (table 2) as later broods consisted
of fewer eggs. Nevertheless, even accounting for the effect of the laying date, clutches tended
to be larger in intermediate tit densities, than in the low- and high tit density plots.

Also sex- ratio showed a unimodal response on tit density (fig. 3c). More males were
produced in intermediate tit densities than in low- or high densities (tit density: est (s.e.) = 1,1
(0,4), p = 0,006; tit density2: est (s.e) = -0,3 (0,1), p = 0,006, fig. 3c). Proportion of males was
also influenced by the date of the first egg (first egg: est (s.e.) = 0,07 (0,03), p = 0,007)
showing that more males than females were produced in late broods. The late broods being in
the low- and high tit density plots, which would counter act the high proportion of males in
the intermediate tit density plots.

Response
variable

Independent
variable

B t p

First egg tit density - 4,681 -2,759 0,007

tit density2 1,023 2,461 0,016

Clutch size tit density 0,529 1,784 0,078

tit density2 -0,142 -1,970 0,052

first egg -0,068 -3,908 0,000

Table 2. Variables used in the models of regression analyses of
reproductive investment of collared flycatchers shown in figure 3.
B is the coefficient for the angle of every variable, t shows the t-
statistics and p the level of significance.
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Figure 3. The reproductive investment of collared flycatchers (Ficedula albicollis) relative to
titmouse (Parus spp.) density. a) The first eggs are laid in the intermediate tit density plots b)
where they also tended to have larger clutch sizes. c) More male offspring is produced in the
intermediate, than in low- or high tit density plots. The statistics for the models are shown
above the graphs.
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Table 3. Results from the regression analysis of the breeding
success of collared flycatchers. The variables shown are used in the
models in figure 4. B is the coefficient for the angle of every
variable, t shows the t-statistics and p the level of significance.

Breeding success
Overall breeding success of the collared flycatcher was negatively correlated to tit density (fig
4) but also to delays in onset of egg laying. Number of fledglings decreased linearly with
increasing tit density (fig 4a, table 3). Thus flycatcher pairs that bred in habitats with little
competition with tits produced more fledged offspring than pairs in areas with high
competition with tits. Fledgling number was also affected by the onset of breeding (table 3)
since pairs that start breeding early in the season produce more fledged offspring than the
ones that bred later in the season.

Fledgling quality also decreased with increasing tit density (Fig 4 b-c). The mass of the
collared flycatcher fledglings decreased as the density of tits in the breeding patch increased
(fig 4b, table 3). Time of onset of breeding also affected the mass of fledglings (table 3), thus
fledglings hatched early in the breeding season were heavier than the ones in later broods.
Tarsus length was not affected by date of egg laying, but only by the density of tits in the
breeding patch - the length decreasing with increasing tit density (fig 4c, table 3).

Survival probability of flycatcher offspring decreased with increasing tit density (tit density:
est (s.e)= -0,49 (0,19), p= 0,010, fig 4d.). The date when the first egg was laid tended to affect
the survival probabilities, as fledgling survival was higher early in the season, why it was not
excluded from the model (lay date: est (s.e)= -0,10 (0,06), p= 0,104).

Response
variable

Independent
variable

B t p

Fledgling tit density -0,464 -3,006 0,004

number first egg -0,145 -3,463 0,001

mass tit density -0,469 -3,658 0,000

first egg -0,150 -4,299 0,000

tarsus tit density -0,227 -4,324 0,000
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Discussion

The heterospecific attraction hypotheses (Mönkkönen et al. 1990, 1999; Forsman et al. 2002)
states that migrant birds should be attracted to breed in the habitats with heterospecific
residents with similar habitat requirements, since they are expected to be more familiar with
the quality of different habitat patches in the landscape. This attraction would be beneficial
until the amount of competition decreases the fitness of migrants. In agreement with the
hypothesis, I found a unimodal response in the reproductive investment of the collared
flycatchers in forest plots with increasing densities of tits. As predicted, the flycatchers bred
earlier, had larger clutch sizes and produced more offspring of the philopatric sex in
intermediate tit density plots, than they did in the high or low tit density plots.

The final breeding success was not, however, unimodally related to tit density, but decreased
linearly with increasing tit density. Naturally it would be expected that the fledgling quality
and survival would be highest for the parents that made the biggest investment in
reproduction. In this case it would be in the habitats with intermediate tit densities, where the

Figure 4. The breeding success of collared flycatchers (Ficedula albicollis) decreases with increasing tit
density (Parus spp.). a) The number of fledglings had a negative association with tit density. Also b) the mass
of the offspring decreases with increasing tit density, as well as c) tarsus length and the d) probability of
survival of offspring. The statistics for the models are shown above the graphs.
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investment was highest. In contrast, the breeding success declined with increasing tit density,
following the traditional view of interaction between competitive species (Lotka 1925;
Volterra 1926). In the traditional concept of interspecific interactions and interspecific
competition, reproductive success of an inferior species is expected to decrease linearly with
increasing density of the competitor species. But also the reproductive investment would be
expected to follow the negative relationship, since parents are expected to adjust their
investment to maximize their own fitness. This was only true for the high tit density plots,
where the reproductive success was in line with the investments made. At high tit densities
parents were delayed in the onset of egg laying and produced fewer eggs. In addition, a higher
proportion of daughters were produced than in the intermediate tit density patches, since they
are expected to disperse to other breeding habitats when adults (Pärt 1990). The investment
was adjusted to the high cost of competition, as flycatcher fledgling condition was low and
mortality high.

The largest mismatch between investment and success was found in the low tit density plots,
where the investment was as low as in the high tit density areas but the success the highest.
Based on the reproductive success one would expect them to invest more into reproduction in
the low tit density areas. However, since the tit densities were manipulated, they no longer
reflected the habitat quality. Thus, the mismatch between the investment and success implies
that the collared flycatchers relied on the information provided by the tits concerning the
quality of the area. From a flycatcher perspective, low density of tits most likely indicates low
quality habitat.

On the other hand, the habitats with intermediate tit density indicated reasonably high quality
breeding habitat since tits were breeding in these areas. The intermediate levels of
competition would not be severe enough to reduce the reproductive success of the flycatchers,
thus the benefits from breeding in the areas with some tits was expected to be high. This
prediction resulted in investment in larger clutch sizes and a higher proportion of male
offspring, which are expected to return to their natal areas in the following years to breed
(Pärt 1990). The earlier onset of breeding may have been due to faster information acquisition
about the quality of the habitat by the presence of resident tits. These results clearly suggest
that flycatchers use the presence of tits in a habitat as a cue for habitat quality, and also
predict the amount of interspecific competition during the breeding season.

Since the development of molecular methods that enables accurate assessment of sex of the
offspring, a huge number of empirical studies have shown that animals bias the sex ratio of
their offspring. The mechanism behind sex ratio adjustment in vertebrates is not known and
random meiosis would lead to a mean sex ratio of 0,5. Whatever the mechanism behind sex
ratio adjustment may be, our results suggest that there is a bias towards males in the
intermediate tit density plots. This is in line with Julliard (2000) proposing that sex ratio
adjustment should be biased towards the philopatric sex in favourable environments. The bias
towards males in intermediate tit density is also in line with our prediction that flycatchers
consider intermediate tit density habitats as favourable breeding sites.

Why did some birds then choose to breed in habitats of lower quality, i.e. in low- and high tit
density patches, even if the low investment in breeding suggests that they knew the habitat
was of lower quality? One suggestion could be that it was later arriving individuals (Kokko
1999) that could not find a territory or a partner in the habitats of higher quality and instead of
not reproducing at all during the season; they made investment trade off.
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Earlier studies of collared flycatchers have shown that they acquire information about patch
quality by using the patch reproductive success (fledgling number and quality in a forest
patch) of conspecifics to make dispersal decisions for the following breeding season.
(Doliqez et al. 1999, 2002). By manipulating the number of offspring and their condition in
some plots they showed that emigration increased when the quality or the quantity of
nestlings in the breeding plot decreased. Immigration rate decreased with decreasing offspring
quantity but was unaffected by offspring quality. The differences in cues that affect
emigration and immigration decisions are likely to reflect constraints in information gathering
(Doliqez et al 2002). In addition to patch reproductive success, conspecific breeding density
in a patch has been shown to determine the choice of breeding habitat the next year (Doliquez
et al. 2004). Density may be easier to assess than the reproductive success of other
individuals, especially for juveniles, and may provide reliable predictions of expected
individuals success. Information of patch quality from conspecific breeding success and
breeding density is constrained to be acquired in the previous breeding season for a migratory
bird. Even when the quality of the forest patches are considered as temporally autocorrelated
(Doliqes et al. 1999), it should be risky for individuals to completely rely on old information
acquired in the previous breeding season. Nine-spined sticklebacks (Pungitius pungitius) are
shown to use newly acquired information over feeding patch quality rather than rely on old
conflicting information even when the old information was reliable when it was obtained (van
Bergen et al. 2004). The density of resident birds should thus give more accurate information
about current quality of the habitat, than the information obtained from personal or patch
reproductive success of conspecifics the previous year. In the present study information about
patch quality from previous years should not influence habitat choice since the patches were
used for studies for the first time and no nest boxes had been available previous breeding
seasons.

However, a few studies prior to this one (see also Forsman et al. 2002) have examined
information acquisition from heterospecifics: nine- spined sticklebacks are shown to assess
feeding patch quality when watching three spined- sticklebacks (Gasterosteus aculeatus)
feeding in patches of different quality (Coolen et al. 2003). The nine- spined sticklebacks
were allowed to watch individuals of the other species feeding on “poor” and “rich” sides of a
tank and after demonstration, most nine-spined sticklebacks chose the rich side of the tank.
Parejo et al. (2005) found that kestrels (Falco tinnunculus) and rollers (Coracias garrulus)
assess breeding patch quality from the reproductive success of each other to make breeding
patch decisions for the next year. Kestrel populations in the study area were resident, while
rollers are migratory and arrive at the breeding areas later. As a measure of information they
used patch reproductive success and population trends were measured as the patch difference
between the nest box occupation rates in two consecutive years. They found an increase in
reoccupancy by kestrels of nest-boxes previously occupied by rollers with increasing nest
success, but also an increase in roller breeding population with increasing local kestrel
success. This was though a correlational study and cannot prove the cause of the relationship.
Species with different habitat requirements on landscape scale could also facilitate habitat
selection for each other by occupying the other species sink habitat, thus making it
unavailable for the other species. This would save time when individuals do not have to assess
habitat quality in already occupied patches (Danielsson 1991). However, none of these studies
have focused on optimization adjustments based both habitat quality and competition intensity
when utilizing areas with different densities of heterospecifics.

The use of resident birds as a cue for habitat quality may be widespread among migrating
birds in northern communities. Earlier studies of heterospecific attraction (Mönkkönen et al.
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1990, 1997; Forsman et al. 1998; Thomson et al. 2003) in northern bird communities show
that migrant species abundances and migrant densities increase with increased tit densities.
The previous studies have not succeeded in manipulating the tit densities to levels where any
negative effects of competition could be shown. The use of potential competitor species to
acquire information about habitat quality could be a profitable adaptation in environments
where the density of the competitor species is regulated well below carrying capacity during
harsh winter conditions and thus, the negative effects of competition are scarce. Acquiring
information from heterospecifics, even if potential competitors, could be widespread in nature
since the competitor species most likely provide accurate information due to similar habitat
requirements.

So far studies on information acquisition from heterospecifics have been done mostly on
cavity breeding birds and fishes in tanks, since they are easy to study. Studies from other
groups of birds and other groups of animals would be required to know how common the
phenomenon is. I would also suggest that the unimodal shape of heterospecific attraction
exists in systems other than northern breeding bird communities. It could be hypothesized to
be common in other migrating animals as well, especially for locating safe and high quality
food patches for example for migrating grazers in Africa or by birds migrating to the over
wintering areas. The relative importance of information acquisition from personal experience,
from previous reproductive success of conspecifics and current information acquired from
heterospecifics would also be an interesting subject for future studies.

I found no evidence for social benefits like reduced vigilance costs or predator protection
from breeding in vicinity to other species since this should lead to better offspring quality and
survival when tits are present (Forsman et al. 2002), e.g. in intermediate tit densities where
social benefits could be expected to be greater than interspecific competition. This could of
course be an effect of experimental design, since in the study of Forsman et al. (2002) the
pied flycatchers bred in nest boxes 25 meters from a tit nest, so probably a distance of 50
meters like in this study might be too far away. In the present study, where the aim was to
know whether migrants use residents as cues for habitat quality, a correlation of breeding
success and tit density would not have been preferential, since it would be hard to tell whether
the breeding success followed tit density or a correlated factor to tit density. Whether collared
flycatchers can gain other social benefits than information about patch quality from breeding
in vicinity of residents could be studied though in a future experiment with nest boxes closer
to each other.

One may wonder why positive effects of potential competitors have not been shown before
despite the huge amount of studies done on interspecific interactions. In early experiments,
competition was studied in the laboratory with fast growth of populations to extreme
crowding until one or the other species was totally eliminated (Gause 1932; Birch 1953). This
is unlikely to happen in natural populations which are limited by the carrying capacity of their
environment, abiotic factors as drought and severe cold, but also predators keeping prey
populations down. Bertness and Callaway (1994) describe in their review article the absence
of evidence for positive interactions in communities as a bias for interest in competition by
ecologists. They point out that positive interactions should be common especially in stressful
environments when species can facilitate the recruitment and existence of others. For example
anemonefish (Amphripion chrysopterus), being a superior competitor over three spot
dascyllus (Dascyllus trimaculatus), is shown to have a indirect positive effect on dascyllus
populations due to faster growth of sea anemones (Heteractis magnifica), the common shelter
for both species, when the sea anemones are occupied by anemonefish (Holbrook & Schmitt
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2004). I also suggest that with the lack of interest in positive interactions, the experimental
set-ups for studying interspecific interactions (read competition) may not have been
appropriate for noticing positive interactions even if they would have existed.

Since some species seem to be adapted to use other species as cues for profitable breeding
sites and may even benefit from living in the same areas as heterospecifics, this phenomenon
should be considered in conservation work. One cannot only protect some preferred or
endangered species, not taking the community structure and the behavioural interactions
within the community into account. When establishing suitable reserves for animals, it may be
necessary with artificial help to encourage them to settle in the vacant areas. This could be
done for birds by playing taped recordings of conspecific or heterospecific song, depending
on the bird of interest, to give the impression that the area is already inhabited by some
residents and to encourage the newcomers to settle into adjacent territories. It is shown that
pied flycatchers are attracted to playback song of conspecifics (Alatalo et al. 1982) but also
that animals respond to the song of heterospecifics, in birds (Reed 1982) and the amphibian
group urodeles (Diego-Rasilla & Luengo 2004).

Conclusions
The collared flycatchers reproductive investment showed a unimodal response on tit density,
conflicting traditional view of interactions between species. Habitats with low tit density are
considered to be of low quality by flycatchers despite the low interspecific competition. In
this study I have shown that the migrating bird collared flycatcher uses the resident tit density
in forest patches as a cue for habitat quality and to assess the amount of interspecific
competition. This probably saves the flycatcher time from assessing habitat quality by
themselves and allows them to start breeding earlier. With an increasing number of studies of
positive interspecific interactions, it may be appropriate to include the subject also in
textbooks of ecology and evolution.
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