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Summary

1. Co-existence between great tits Parus major and blue tits Cyanistes
caeruleus, but also other hole nesting taxa, constitutes a classic example of
species co-occurrence resulting in potential interference and exploitation
competition for food and for breeding and roosting sites. However, the spatial
and temporal variation in co-existence and its consequences for competition
remain poorly understood.

2. We used an extensive database on reproduction in nest boxes by great
and blue tits based on 87 study plots across Europe and Northern Africa for a
total of more than 35,000 clutches to assess correlative evidence for a
relationship between laying date and clutch size, respectively, and density
consistent with effects of intraspecific and interspecific competition.

3. In an initial set of analyses, we statistically controlled for a suite of site
specific variables (latitude, longitude, elevation, nest box size and type, habitat,
and others). We found evidence for an effect of intraspecific competition on
blue tit laying date (later laying at higher density) and clutch size (smaller
clutch size at higher density), but no evidence of significant effects of
itraspecific competition in great tits, nor effects of interspecific competition
for either species.

4. To further control for site-specific variation caused by a range of
potentially confounding variables, we compared means and variances in laying
date and clutch size of great and blue tits among three categories of difference
in density between great and blue tits. These comparisons revealed evidence,
for both species, consistent with intraspecific competition and to a smaller
extent with interspecific competition.

5. These findings suggest that competition 1s widespread, but also varies

across large spatial and temporal scales.
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Introduction

Numerous experimental studies have demonstrated that intraspecific and
mterspecific competition can reduce population size or decrease reproductive
output (e.g. Schoener 1983; Gurevitch et al. 1992; Dhondt 2012). Competition,
defined as the negative effects that one organism has upon another, may be due
to interference over resources and/or to exploitation of resources that are limited
in availability (Keddy 1989; Grover 1997). The limiting resources over which
individuals compete vary considerably, as does the timing of competition
during the annual cycle. However, factors other than competition such as
compensation can also drive population dynamics (Houlahan ef al. 2007,
Ricklefs 2012). Because of such complexity, competition is not inevitable;
indeed, a recent study of interspecific competition between two hole-nesting
bird species in four European populations showed clear evidence of competition
in only three of these populations (Stenseth ef al. 2015). Similarly, in a review
of density dependence of clutch size in titmice, Both (2000) only found a
negative relationship in half of all study plots, again emphasizing that decreased

reproduction is not a ubiquitous outcome.

Great tits Parus major and blue tits Cyanistes caeruleus, both secondary
hole-nesting passerines, constitute a classic example of competition for food
and cavities (review in Dhondt 2012). For example, Dhondt & Eyckerman
(1980a) showed that high density of both species reduced reproductive output
n great tits. In contrast to great tits, evidence for effects of both intraspecific
and interspecific competition on reproduction are much weaker in blue tits. In
both species, the intensity of competition was the strongest in poor quality
habitats (Dhondt 2010). A field experiment based on the exclusion of great tits
from nest boxes during winter resulted in an increase in the abundance of blue
tits (Dhondt & Eyckerman 1980b), demonstrating that competition for roosting
sites in winter can limit population size of the smaller blue tit in some habitats.

In addition, observational monitoring of natural holes and experimental removal

Journal of Animal Ecology: Confidential Review copy
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of access to tree cavities show that a shortage in nest sites can limit breeding
population density in birds (Aitken & Martin 2008; Robles ef al. 2011), even in
cavity-rich environments (Robles ef al. 2012), which in turn may lead to
cascading effects via an increase in the intensity of interspecific competition

(Aitken & Martin 2008).

Food availability 1s an underlying cause of limitation of population
density in numerous organisms (Newton 1998; Ruffino ef al. 2014). This has
been shown clearly in food supplementation experiments: the addition of food
often increases abundance, while food removal has the opposite effect (e.g.
Minot 1978, 1981; Dhondt et al. 1992; Torok & Té6th 1999; Sirtwardena ef al.
2007; Dhondt 2012). Likewise, extensive food provisioning in feeders by
humans across broad spatial scales has caused dramatic increases in abundance
of birds, and often also earlier timing of reproduction and increased
reproductive success (review in Robb er al. 2008), especially in great tits
(Tryjanowski ef al. 2015). Density of tits in urban locations tends to be higher
than in nearby rural plots because of higher food availability (Vaugoyeau er al.
2016). Another effect of urbanisation is that laying date advances in urban plots
because of food and/or higher temperatures in urban areas (e.g. Dhondt ef al.

1984; Wawrzyniak et al. 2015)

While interference competition mainly involves access to territories in
spring and fall, and for cavities during the breeding season and in winter,
exploitation competition 1s mainly over limiting food during the breeding
season (Dhondt 1977) and in winter (Krebs 1971; Perdeck ef al. 2000). If there
1s a change 1n timing or availability of food due to changing climate (Visser et
al. 1998; Visser & Hollemann 2001; Stenseth ef al. 2002; Parmesan & Y ohe
2003; Adler er al. 2006; Visser 2008; Angert ef al. 2009), then both density-
dependent and density-independent processes should affect tit populations

(Dhondt & Adriaensen 1999; Wilkin ef al. 2006; Stenseth e al. 2015).
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Intraspecific and interspecific competition among tits, but also other
secondary hole nesting taxa, and the resources subject to competition, are
highly variable across spatial and temporal scales (Alatalo 1984; Minot &
Perrins 1986; Dhondt 2012). The objective of this study was to assess the
generality, at a large spatio-temporal scale, of effects of intraspecific and
interspecific competition on laying date and clutch size of great and blue tits
across Europe and Northern Africa. We relied on a unique long-term data base
from 87 study plots using more than 35,000 breeding events in nest boxes in
areas where both species nest sympatrically. Based on results from previous
studies we predicted that (1) intraspecific competition, and to a lesser extent
interspecific competition, would delay and increase the variance in laying dates
and reduce clutch sizes, (2) this effect should be more pronounced in great than
in blue tits, due to the larger size of the former, and (3) at any one site,
differences in density and hence differences in competition between great and
blue tits would be related to differences in laying date and clutch size. If
interspecific competition occurs, we predict a reduction in mean and an increase
in variance in clutch size in great tit and blue tit when density of heterospecifics
1s higher than the density of conspecifics and for intraspecific competition this
reduction would occur when density of conspecifics is higher than the density
of heterospecifics. For laying date we predicted for intraspecific competition a
delay in mean laying date of great tits or blue tits when density of conspecifics
outnumbers density of heterospecifics and the reverse for interspecific
competition. A higher variance is a consequence of laying being delayed and
clutch size reduced among individuals that suffer the most from competition
with conspecifics or heterospecifics. This follows from the observation that at
low density only high quality sites are occupied, while at high density poor
quality sites (where the birds lay smaller clutches) are also occupied resulting in
increased variances at higher density (Solonen ef al. 1991; Dhondt ef al. 1992,
Ferrer & Donéazar 1996).

Journal of Animal Ecology: Confidential Review copy
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Materials and methods

DATA SETS

We made an attempt to obtain information on density, nest box size, clutch size,
laying date and ecological variables from all studies of two common species of
secondary hole-nesters, the great tit and the blue tit, across Europe and North
Africa, as described in detail elsewhere (Meller ef al. 2014a, b). Briefly, we
attempted to obtain data on first clutches, or early clutches known to be initiated
less than 30 days after the first egg was laid in a given year in a local study plot
(cf. Nager & van Noordwijk 1995). In total, we obtained information on 87
study plots with both great and blue tits breeding (Moller ef al. 2014a, b). We
chose study plots where both great and blue tits had been recorded breeding at
least once 1n order to ensure that all study plots contained suitable habitats,
breeding sites and nest boxes for both species.

The study plots differed in a number of features that were controlled
statistically as covariates or factors in the analyses because our previous studies
have indicated that each of these variables are significant predictors of laying
date and clutch size (Lambrechts er al. 2010; Mgller ef al. 2014a, b, Vaugoyeau
et al. 2016). These variables were latitude (°N) and longitude (°E), main habitat
type (deciduous, coniferous, evergreen, or mixed), urbanisation (urbanised, or
natural/semi-natural habitat), altitude at the centre of the study plot, nest floor
surface as the internal nest base area (in cm?), and the material used to construct
nest boxes (a binary variable classified as either wood or concrete). Further
details of how these variables were obtained and quantified can be found in

Lambrechts et al. (2010), Moller et al. (2014a, b) and Vaugoyeau et al. (2016).

STATISTICAL ANALYSES
We conducted eight LMMs with laying date and clutch size of great and blue

tits as untransformed response variables. These 8 models corresponded to
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laying date and clutch size of both species according to density of the species (=
2 variables x 2 species x 2 competition conditions (intraspecific/interspecific
competition)). We calculated variance inflation factors (VIF) to identify
problems of collinearity. All VIFs were smaller than 5, and in almost all cases
smaller than 3, indicating that there were no problems of collinearity (McClave
& Sincich 2003). Study plot and year were included as two cross random
intercepts to account for differences among sites and years in the model testing
for interspecific competition. In the models testing for intraspecific competition
we included random intercepts for study plot and year. In addition, when
analysing breeding variables for blue tits, the relationships between density and
both laying date and clutch size were estimated for each individual plot and the
estimate slopes from these relationships were entered as random factors. The
same approach was used for great tits. The significance of the random slope in
these models was tested using Likelihood Ratio Tests (LRT), including only the
intercept in the fixed part of the models (Crawley 2002). The random slope was
removed from the models when P > 0.05. In the models testing for interspecific
competition a random slope could not be fitted in the models because data at the
interspecific level did not match. Density of great tits and blue tits in the study
plots was estimated as the number of occupied nest boxes / study area (ha) for
each year and each species. The analyses of intraspecific and interspecific
competition were restricted to those study plots where the duration of the study
was at least five years, in order to be able to fit a random slope in the models of
intraspecific competition. In addition, the other factors listed above describing
site location and nestbox parameters were entered as fixed factors. All eight
analyses were weighted by abundance to account for differences in sampling
effort among study plots (Garamszegi & Mpller 2010). We used the standardize
function for standardizing regression predictors by centring (1.e. subtracting the
mean and dividing by 2 SD). Therefore, numeric variables that take on more

than two values were each rescaled to have a mean of 0 and a SD of 0.5 and
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binary variables were rescaled to have a mean of 0 and a difference of 1
between their two categories and the factors with more than two categories
remained unchanged (Gelman 2008).

We also tested whether differences in clutch size between great and blue
tits were related to differences in laying date between the two species and
differences in density between great and blue tits, including their two-way
interaction in standard least squares analyses, again weighted by sample size.
We included the interaction in order to test whether the difference in laying date
had a stronger effect on difference in clutch size when the difference in density
was larger. In addition, we tested whether differences in laying date were
related to differences in density. In these analyses, we restricted the sample size
to study plots with five or more years of study. Sample sizes differed slightly
for different analyses due to missing values. Larger variances were the result of
more heterogeneity in relationships between laying date or clutch size and
density among study sites.

We used difference in log-transformed great tit density minus log-
transformed blue tit density (henceforth density difference) as the predictor
variable in analyses to test for effects of competition on laying date and on
clutch size (Table 3, Fig. 3). By doing so we controlled for any variable that
would influence the breeding of the two tit species in a similar way at each site
and year. When the density difference was negative, blue tits were more
abundant than great tits. The relative strength of intraspecific compared to
interspecific competition in blue tits will change from negative to positive
density difference values (i.e. the relative strength of interspecific competition
will increase), while the opposite 1s true for great tits.

We categorized density difference at three levels with similar number of
data points: level 1: great tit density lower than blue tit density with log great tit
density — log blue tit density being on average -0.58, SE = 0.02, range -1.78 to -
0.12; level 2: great tit density similar to blue tit density with log great tit density

Journal of Animal Ecology: Confidential Review copy
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— log blue tit density being on average 0.11, SE =0.01, range -0.12 to 0.30; and
level 3: great tit density higher than blue tit density with log great tit density —
log blue tit density being on average 0.66, SE = 0.02, range 0.30 to 1.76. These
data were used in a Welch ANOVA for unequal variances by comparing means
between the three groups. We also compared variances among these three
categories of density difference using Levene’s test.

We included latitude, latitude squared, longitude, longitude squared and
the interaction between latitude and longitude in the models to control
statistically for spatial autocorrelation (Lichtstein ef al. 2002; Legendre 2003,
Dorman et al. 2007; Diniz-Filho et al. 2008; Legendre & Legendre 2012).
Analyses were made with JMP (SAS 2010) and the library Ime4 (Bates and
Maechler 2009) using R version 3.3.2 (R Development Core Team 2006).

Results

SUMMARY STATISTICS

The analyses of competition were based on a maximum of 978 plot by year
estimates of laying date and clutch size varying due to differences in availability
of data. We had data for a total of 87 plots where both species bred at least
once. For great tits, mean laying date was April 24 (SE = 0.35, N =924) and
mean clutch size was 8.61 eggs (SE = 0.04, N = 970). For blue tits, mean laying
date was April 24 (SE = 0.34, N = 930) and mean clutch size was 9.93 eggs (SE
=0.06, N =973).

EFFECTS OF INTRA- AND INTERSPECIFIC COMPETITION ON LAYING
DATE AND CLUTCH SIZE

Laying date

Across study plots, great tit laying date was on average earlier when density of
great tits was higher (Fig. 1A, Table 1). Laying date of great tit was marginally
later at higher blue tit density (Fig. 1B; P = 0.08). This relationship was

Journal of Animal Ecology: Confidential Review copy
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consistent among study plots as shown by the non-significant variance among
study plots 1n the estimated slopes of the relationship between great tit density
and great tit laying date for each study plot (variance explained = 13.71%, LRT
=233,d.f =2, P=0.31). This 1s opposite to what 1s expected if intraspecific
competition influences laying date and does not strongly support an effect of
interspecific competition on great tit laying date.

Blue tit laying date was significantly later at higher conspecific density
(Fig. 1D, Table 1) supporting the hypothesis that intraspecific competition
influences laying date. There was a large and statistically significant variance
amongst study plots in the estimated slopes between blue tit density and blue tit
laying date (variance explained = 25.20%, LRT = 78.79, d.f. =2, P <0001)
showing that the intensity of intraspecific competition varies strongly between
study plots. Blue tit laying date was earlier when density of great tits was
higher which 1s opposite to predictions if interspecific competition were to

influence laying date (Fig. 1C).

Clutch size
Across study plots, great tit average clutch size did not vary significantly with
conspecific density (Fig. 2A, 2B; Table 2). This analysis yielded a large and
statistically significant variance in the estimated slopes amongst study plots
(variance explained = 27.78%, LRT =24 .85, d.f. =2, P <0.0001) showing that
the intensity of intraspecific competition varied strongly between study
populations. We also found that great tit clutch size did not vary with blue tit
density (Fig. 2B).

Blue tit average clutch size decreased with increasing conspecific density
(Fig. 2D, Table 2) documenting an effect of intraspecific competition on clutch
size across the range. Here we also found that the variance in the estimated
slopes amongst study plots was large and statistically significant (blue tit:

variance explained = 26.08%, LRT =38.63, d.f. =2, P <0.0001; Table 2),
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indicating important differences in the intensity of intraspecific competition.
Blue tit clutch size was independent of great tit density (Fig. 2C) showing no

effect of interspecific competition on blue tit clutch size.

USING DIFFERENCES IN DENSITY TO DETECT COMPETITION

We categorized density difference at three levels of similar number of study
plots: level 1: great tit density lower than blue tit density with log great tit
density — log blue tit density being on average -0.58, SE = 0.02, range -1.78 to -
0.12; level 2: great tit density similar to blue tit density with log great tit density
— log blue tit density being on average 0.11, SE =0.02, range -0.12 to 0.30; and
level 3: great tit density higher than blue tit density with log great tit density —
log blue tit density being on average 0.66, SE = 0.02, range 0.30 to 1.76. These
data were used in a Welch ANOVA for unequal variances by comparing means
between the three groups. We also compared variances among these three
categories of density difference using Levene’s test.

Mean clutch size of great tit and blue tit was the smallest at relative
density level 1 (1.e. when blue tits outnumber great tits) and 1t was higher at
relative density 2 and 3 (i.e., when either great tit and blue tit numbers are
similar or great tits outnumber blue tits). Likewise, variance in clutch size for
both great tit and blue tit decreased from relative density level 1 to levels 2 and
3 (Table 3). For great tits, these results are consistent with interspecific
competition being more important than intraspecific competition, and for blue
tits the reverse occurred with intraspecific competition being more important
than interspecific competition.

Mean laying date of blue and great tit was earlier at relative density level
2 (1.e. when great tit and blue tit numbers are similar) compared to level 1 and 3.
For great tit variance in laying date was also the lowest at relative density level
2 whereas for blue tit variance in laying date decreased progressively from

relative density level 1 to level 3 (Table 3). These results are consistent with
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both intraspecific and interspecific competition in great tit and for interspecific
competition in blue tit.

The difference in clutch size between great tit and blue tit tended to
become more negative (1.e. blue tit clutch size greater than great tit clutch size)
from relative density level 1 to level 3. Therefore, when blue tits outnumbered
great tits (level 1) the difference in clutch size between the two species was the
smallest, and this difference became larger and favoured blue tits when great
tits outnumbered blue tit (level 3). This 1s also consistent with intraspecific
competition affecting blue tits (Table 3; Fig. 3).

Great tits laid their eggs later than blue tit (1.e. the difference in mean
laying date between great tit and blue tit was positive) at relative density level
1, and these differences decreased progressively to relative density level 2 and
3. Therefore, when great tits outnumbered blue tits (level 3) the laying date of

the two species became similar.

Discussion and conclusions

This extensive study of spatial patterns in density dependence of laying date
and clutch size in two species of secondary hole-nesting birds revealed several
novel observations. The slope of conspecific density on laying date in blue tits
(but not great tits) differed among study plots. Similar heterogeneity among
study plots was found in slopes of conspecific density on clutch size of great
and blue tits.

In the analyses of laying date and clutch size depending on conspecific
and heterospecific density we controlled for a large number of possible effects
on clutch size and on laying date (such as habitat type, degree of urbanization,
latitude and longitude among others), but nevertheless only found evidence for
an effect of intraspecific competition on blue tit laying date and blue tit clutch

size. We did not find effects of intraspecific competition between great tit
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laying date and clutch size for great tits, nor effects of interspecific competition
for either species.

In order to further test our predictions, we also analysed patterns within
study plots because such analyses are more powerful than within-plot analyses
that automatically control for many potentially confounding variables showing
the highest variation among plots. We investigated the relative impact of great
and blue tit density on laying date and clutch size by testing the relation
between the difference in density (density difference) of great and blue tits and
laying date/clutch size. We started from the assumption that in coexisting
species (and as found in previous work), intraspecific competition in tits 1s
stronger than interspecific competition (Dhondt 2012). We found the earliest
laying date at density difference level 2 (great tit density similar to blue tit
density) for both great and blue tit. Thus, laying date was later for both species
when either the density of conspecifics or heterospecific increased, consistent
with laying date being affected by intra- and interspecific competition in both
species. The variance in laying date was also the lowest at density level 2 for
great tit further suggesting intra- and interspecific competition for great tits,
whereas the variance was the largest at density level 1 for blue tits consistent

with intraspecific competition, Furthermore, given the previous results, we

expected that 1f intraspecific competition generally occurred across our 87 study

plots, blue tit clutch size should be the smallest at density difference level 1,

and the largest in level 2 (great tit density = blue tit density). Our results suggest

that among blue tits intraspecific competition generally occurs, while
interspecific competition may occur.

Laying date was the earliest at density level 2 for both great tit and blue
tit. This latter result implies that, when analysing data across Europe and
Northern Africa, controlling for differences in density is probably a more
powerful approach than controlling for site-specific variation resulting from

differences 1n latitude, longitude and elevation. The likely reason is that the
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density difference approach does not make assumptions regarding the shape of
the relationships between the parameters of interest (laying date, clutch size) as,
for example, latitude or elevation.

We can take this line of reasoning one step further by investigating the
relationship between difference in laying date and difference in clutch size, on
the one hand, and difference in density between great and blue tits on the other.
Great tits laid their eggs later than blue tits at relative density level 1 (1.e., when
blue tits outnumbered great tits). The difference in laying date of great tit in
relation to blue tit tended to be more similar from density level 2 to level 3.
Furthermore, the variance in difference in laying date differed significantly
among categories of difference in density of great and blue tits, and the variance
was significantly smaller when great tits were relatively abundant (density
difference level 3). These outcomes are as expected for interspecific
competition in great tits. The average difference in clutch size between great
and blue tits was negatively correlated with the difference in density between
great and blue tits, consistent with intraspecific and interspecific competition.
The variance of the difference in clutch size between great and blue tits peaked
when the difference in density was the smallest, consistent with intraspecific
competition. At high density of great tit relative to blue tit, the difference in
clutch size was smaller relative to clutch size of blue tit (Fig. 3). The variance in
the difference in clutch size was the largest for levels of difference in density 1

and 2, consistent with intraspecific and interspecific competition.

Food availability 1s an underlying cause of limitation of population
density in numerous organisms (Newton 1998; Ruffino ef al. 2014). This has
been shown clearly in food supplementation experiments: the addition of food
often increases bird abundance, while the removal of food has the opposite
effect (e.g. Minot 1978, 1981, Dhondt ez al. 1992; Torok & Téth 1999;
Siriwardena et al. 2007, Dhondt 2012). Likewise, extensive food provisioning

in feeders by humans across broad spatial scales has caused dramatic increases
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n abundance of birds, and often also earlier timing of reproduction and
increased reproductive success (review in Robb er al. 2008), especially in great
tits (Tryjanowski ef al. 2015). Density of tits in urban locations tends to be
higher than in nearby rural locations (Vaugoyeau ef a/. 2016). Another effect of
urbanisation is that in urban sites tit laying dates are earlier (e.g. Dhondt ef al.
1984; Wawrzyniak ef al. 2015). We could not quantify the effects of food on
laying date and clutch size, but we assume that the effects of density are at least

partially due to effects of food limitation.

Because means and variances are generally positively correlated (Wright
1964), opposite results require a biological explanation. The habitat
heterogeneity hypothesis predicts an increase in the variance in reproductive
parameters because at low density only high quality sites are occupied, while at
high density poor quality sites (where birds lay a smaller and later clutch) are
occupied (Dhondt ef al. 1992; Ferrer and Donazar 1996, Kriiger et al. 2012).
Habitat heterogeneity is the mechanism that predicts that at higher density
variance in clutch size should increase (Solonen ef al. 1991; Dhondt et al. 1992,
Ferrer & Donazar 1996). The analyses of effects of density are consistent with
these predictions.

We analysed effects of competition in two congeneric secondary hole
nesting birds. It 1s likely that the hole nesting community of birds and other
animal taxa will have a similar or even stronger effect on the structure of the
community of hole nesters. The present study predicts that similar analyses of
laying date and clutch size in competing species such as sympatric tits and
flycatchers may allow quantification of the effects of intra- and interspecific
competition (Gustafsson 1987). Analyses of such effects may be particularly
powerful in a climate change scenario where the interacting parties are
differently impacted by temperature and precipitation while the effects of study

plot remain constant.

Journal of Animal Ecology: Confidential Review copy



Page 21 of 34

516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542

Journal of Animal Ecology: Confidential Review copy

20

In conclusion, we have documented that within-plot analyses of laying
date and clutch size in great and blue tits across 87 sites with known common
breeding records distributed across Europe and North Africa provide a powerful
tool for quantifying the effects of intraspecific and interspecific competition.
We conclude that a similar approach may potentially be adopted in analyses of

intraspecific and interspecific interactions among other taxa.
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Legends to figures

Fig. 1. Laying date of great tit (1 = March 1st; A, B) and blue tit (C, D) in
relation to density of great tit (number of occupied nest boxes per ha; A, C) and
blue tit (B, D). The lines are the predicted values with 95% confidence intervals
obtained from the linear mixed effect models while maintaining latitude,
longitude and nest floor surface as their mean values. Main habitat type,
urbanisation and nest box material as their reference values (1.e., conifer,
concrete and no urbanization, respectively). Black lines show significant trends

and grey lines non-significant trends.

Fig. 2. Clutch size of great tit (A, B) and blue tit (C, D) in relation to density of
great tit (number of occupied nest boxes per ha; A, C) and blue tit (B, D). The
lines are the predicted values with 95% confidence intervals obtained from the
linear mixed effect models while maintaining latitude, longitude and nest floor
surface as their mean values. Main habitat type, urbanisation and nest box
material as their reference values (1.e., conifer, concrete and no urbanization,
respectively). Black lines show significant trends and grey lines non-significant

trends.

Fig. 3. Difference in clutch size between great tits (GT) and blue tits (BT) in
each site/year in relation to the difference in log; density (number of occupied
nest boxes per ha) between great tits and blue tits in each site/year. The line
shows the best fit ordinary least squares line with its 95% confidence band for

illustrative purposes only. For statistical analysis, see Results.
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766  Table 1 Linear Mixed Models of laying date of great and blue tits in

767  relation to density of great and blue tits after controlling statistically for

768 latitude, latitude squared, longitude, longitude squared, longitude by latitude,
769  main habitat type (fixed effect), urbanisation (fixed effect), nest box material,
770  altitude and nest floor surface as fixed effects, and year and study site as

771  random factors. Only the partial effects of density are shown here after

772 controlling statistically for the variables listed above. The analyses were

773 weighted by sample size. Effect sizes were Pearson’s product-moment

774  correlation coefficients. The analyses were based on 924 observations from 87
775 plots for great tit and on 930 observations from 87 sites for blue tits. The

776  majority of sites (more than 99%) had at least five years of study or more.

777

Term LRT P Estimate SE Effect size

Great tit laying

date

Density of great 6.13 0.01 -1.458 0.597 0.29
tits

Density of blue 3.04 0.08 1.304 0.775 0.20
tits

Blue tit laying

date

Density of great 434 0.04 -1.051 0511 024
tits

Density of blue 4.69 0.03 2.000 0.904 025
tits

778
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Table 2 Linear Mixed Models of clutch size of great and blue tits in
relation to density of great and blue tits after controlling statistically for
latitude, latitude squared, longitude, longitude squared, longitude by latitude,
main habitat type, urbanisation, nest box material, altitude and nest floor surface
as fixed terms, and study site and year as random factors. Only the partial
effects of density are shown here after controlling statistically for the variables
listed above. The analyses were weighted by sample size. Effect sizes were
Pearson’s product-moment correlation coefficients. The analyses were based on
966 observations from 87 sites for great tit and on 969 observations from 87
sites for blue tits. The majority of sites (more 99%) had at least five years of

study or more.

Term LRT P Estimate SE Effect
size

Great tit clutch

size

Density of great 2.04 0.15 -0.120 0.080  0.15

tits

Density of blue tits 2.36 0.12 -0.157 0.102  0.17

Blue tit clutch

size

Density of great 0.78 0.38 -0.073 0.079  0.10

tits

Density of blue tits 6.41 0.01 -1.135 0.433 0.27
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