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Increasing density of same sex
individuals improves local survival
of juvenile great tits

Stephanie P. M. Michler, Marion Nicolaus, Richard Ubels,
Marco van der Velde, Christiaan Both, Joost M. Tinbergen
and Jan Komdeur

Abstract
In sexually size-dimorphic species the larger sex is generally dominant over the smaller
sex in competitive interactions. However, little is known on how survival of males and
females depends on the number and the sex of other individuals in the local population.
Therefore, we experimentally investigated whether and how sex-specific local competi-
tion affected annual local survival of juvenile and adult great tits of both sexes. For this
purpose, we manipulated the density and sex ratio of young great tits before fledging on
the level of forest plots during three consecutive breeding seasons (2005-2007). In the
great tit, the outcome of competitive interactions outside the breeding period over food
or territories is determined to a large extent by age and sex, where males dominate over
females within an age class and adults over young. We thus expected that juvenile
females would show lower local survival in plots with higher densities and more male
fledglings. As competition for local territories among males can be intense, male juve-
niles should mainly be negatively affected by the local numbers of same-sex competitors
(both juvenile and adult). Adult survival should be little affected by changes in local sex
ratio and density. Interestingly, we found no negative effects of the number of same or
opposite sex competitors on juvenile or adult local survival. Adult local survival associ-
ated positively but juvenile local survival negatively to the breeding pair density in a
plot. However, an increase in the density of same-sex fledglings per plot improved local
survival of male and female juvenile great tits. High local numbers of male juveniles
might exert pressure on the prevailing territorial system and create settlement opportu-
nities for young males. Additionally or alternatively, growing up in same-sex groups or
plots might induce physiological and behavioural changes that make juveniles better
competitors.
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Introduction

One of the main density dependent processes regulating local numbers of individuals
is competition among members of the same species for resources such as for food, suit-
able nest sites, mating partners, territories or roosting sites (Begon & Mortimer, 1981;
Begon et al., 1996; Newton, 1998). However, individuals differ in the efficiency or
capability to defend or attain certain resources which will differentially affect their
fitness. Such competitive asymmetries entail that the relative advantage of a specific
individual within a population will depend on the number and on the competitive
traits of the other individuals present (Begon et al., 1996; Newton, 1998). 

Gender is a trait that has been shown to affect an individual’s performance in
competitive interactions outside the reproductive phase (Hepp & Hair, 1984; Hogstad,
1989). Generally, the larger sex dominates the smaller sex during the struggle for artifi-
cially provided food (Dunbar & Crook, 1975; Ketterson, 1979; Tarvin & Woolfenden,
1997; Steer & Burns, 2008) or for roosting sites (Kluyver, 1957; Feare et al., 1995).
The intensity by which competition occurs within and between the sexes in a given
species should depend on the relative number of each sex in the local population.
Therefore, not only the number of competitors but also the sex ratio of conspecifics at
a local scale is expected to determine the fitness prospects of males and females.

In most bird species offspring survival until first reproduction and adult annual
survival are key fitness components and major sources of individual variation in life-
time reproductive success (Clutton-Brock, 1988; Newton, 1989). However, studies
that investigate the influence of social factors on those fitness traits are scarce.
Negative effects of intra-specific competition, especially density effects on post-
fledging survival (Mallord et al., 2007), winter survival (Ekman et al., 1981; Ekman,
1984) or recruitment (Both & Visser, 2000) have been shown for several birds species.
However, other studies showed that the outcome often depended on the spatial scale
studied (Both & Visser, 2000; Brouwer et al., 2006), which suggests that competition
regularly takes place at a smaller scale than the whole population. Avian studies that
provide direct evidence for sex-specific survival effects of local competition are so far
lacking but indirect evidence exists that females suffered more often from between-sex
competition than males; e.g., females lost weight due to restricted access to high
quality wintering habitats (Marra & Holmes, 2001) or feeding sites (Dunbar & Crook,
1975) or showed restricted feeding rates due to high levels competitive interactions
(Benkman, 1997).

Our study aim was to experimentally address the question whether and how sex-
specific local competition affects local survival of juveniles and adults in a wild popu-
lation of great tits (Parus major). For this purpose we manipulated the local social
environment (density and sex ratio) of juvenile great tits at the level of forest plots
during three consecutive breeding seasons from 2005–2007. We analysed local
survival of juvenile and adult males and females to the next year’s breeding popula-
tion in relation to sex-specific competitor density, fledgling and adult densities and
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plot sex ratio. In the great tit, there is scope for competition between and within the
sexes but the extent of both may vary with season. Male great tits engage in territorial
behaviour already in autumn (Kluyver, 1951) when the number of chases and fights
between males increases (Drent, 1983). Local birds (Drent, 1983) or birds which had
prior residency (Sandell & Smith, 1991) win competitive interactions more often than
non-local birds. This could be the reason why in this territorial species males show
higher natal philopatry than females (Greenwood, 1980). Thus male juvenile great tits
should be primarily affected by higher local numbers of territorial (male) birds
(Greenwood et al., 1979). As pair formation can already take place in autumn and
winter (Hinde, 1952), females might compete for potential partners during this
period. Male great tits are generally dominant over females in competition for artificial
food (Kluyver, 1957; Drent, 1983; Wilson, 1992) and probably for roosting sites in
winter (Kluyver, 1957). In autumn and winter flocks, competitive interactions can be
observed within each sex and between the sexes, whereby within age classes males are
dominant over females but adults are dominant over juveniles (Saitou, 1979c; Drent,
1983). Males also generally show higher levels of aggressive behaviour (Saitou,
1979c; Drent, 1983; Wilson, 1992). Thus, high local numbers and a male biased local
sex ratio are likely to relate to high levels of competition for both sexes, where juve-
niles are probably more affected than adults.

High local densities can also be positively related to local survival of individuals.
For instance high quality plots may lead to high breeding pair densities therein and a
high number of offspring produced. If plot quality is related to food abundance, food
quality or predator occurrence, individual survival is consequently positively associ-
ated to high local densities. Furthermore, large numbers of individuals in flocks
outside the breeding season may be beneficial for exploitation of food sources (Krebs
et al., 1972) as well as for reducing predation risk (Caraco et al., 1980). In this article
we will however focus our predictions on negative effects of sex-specific competitor
densities on male and female local survival. We thus predicted that an increasing
number of same-sex competitors should affect especially male juvenile survival nega-
tively as competition for available territories should mainly occur between males.
Female juveniles on the other hand should suffer more from the number of opposite-
sex competitors in competition for food (assuming competition is more of an interfer-
ence-type rather than exploitation-type). As adults of both sexes are generally domi-
nant over juveniles we expected them to be little affected by local changes in density
and sex ratio of juveniles.

Methods

Study area
The study was conducted in the Lauwersmeer area which is situated in the north-east
of the Netherlands (53°23’ N, 6°14’ E). In February 2005 we extended the existing
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study area (see Tinbergen, 2005) by establishing 12 nest box plots, where in some
woodlots already existing boxes were rearranged in others they were newly put up.
Each plot consisted of 50 nest boxes in a regular 50 m grid. The woodlots were prima-
rily deciduous forests (about 30-year old plantations of mainly oak (Quercus robur),
poplar species (Populus spec.), birch (Betula pubescens), maple (Acer platanoides), ash
(Fraxinus excelsior) and elder (Alnus glutinosa)) and were separated by at least 300 m
open grassland or forest patches without boxes. 

Field methods
From the beginning of April, nest boxes were checked weekly to establish the start of
egg laying (back calculated assuming one egg was laid per day in case of partly laid
clutch) and the clutch size was determined after the onset of incubation. Before the
expected hatching date nest boxes were checked daily to determine hatching date
(day 0). We sampled a small quantity of blood (ca 5-10 µl) from the tarsal vein of all
nestlings when they were two days old and clipped the end of their toenails in a
unique combination for later identification of individuals (St. Louis et al., 1989).
Between day 3 and 5 molecular sex determination was performed such that on day 6
after hatching the sex of all nestlings was known to allow accurate sex ratio manipula-
tion of the broods (see below). DNA was extracted using the Chelex method described
by Walsh et al. (1991). Sex of the young was determined following Griffiths et al.
(1998). The PCR products were separated by electrophoresis on a 2% agarose gel. 

On day 6 broods were manipulated and nestlings received a numbered aluminium
ring. On day 7 parents were caught using spring traps in the nest boxes and they were
equipped with an aluminium ring and a unique combination of 3 colour rings if they
were previously unringed. At day 14 after hatching all nestlings were additionally
provided with 3 colour rings in a unique combination with the aluminium ring.
Nestlings leave the nest approximately 20 days after hatching, thus we performed nest
box checks every second day from day 19 onward to determine successful fledging of
nestlings and to identify dead individuals that remained in the nest box.

Experimental design
We manipulated plot density (number of nestlings) and sex ratio (proportion of male)
of nestling great tits in 2005, 2006 and 2007. Plot sex ratio treatments were either
male biased, female biased or control (balanced sex ratio) and the plot density treat-
ments were high or low density. We created six different combinations of sex ratio and
density treatments ranging from male biased-low density to female biased-high
density plots (see fig. 3.2, chapter 3). Each treatment-combination occurred in two
replicates per year and was semi-randomly allocated to plots each year (not allowing
for a plot to have the same combination in consecutive years). The randomization of
plot treatments in every year should prevent that treatment effects were obscured by
plot effects such as plot quality, the distance to other plots or the degree of isolation.
To achieve the plot treatments, first broods (broods that started less than 30 days after
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the start of the very first brood in that year) within plots were manipulated at day 6
after hatching to receive the treatment that corresponded to the plot treatment (fig.
3.2 in chapter 3). For the sex ratio this meant that all broods within a plot were manip-
ulated in the direction of the plot treatment. The mean number of nestlings varied
between plots as well as between nests e.g. enlarging 60 % of the broods within a plot
would increase the total number of nestlings per plot. For further details on the exper-
imental set-up see Nicolaus et al. (2009). Averages per year for the plot treatment
categories are given in table 5.1. Second broods and replacement broods of known
first broods after failure were left unmanipulated.

Data selection and analyses
We analysed local survival for all first brood juvenile great tits that were known to
have fledged (n = 3950) and for all adults that were identified as parents of a first
brood in 2005–2007 (n = 1233). Individuals were scored as being alive in the subse-
quent breeding season (2006–2008) if they were recorded as a breeder in our study
area. Breeding dispersal between plots in our population was low (5%) but natal
dispersal of juveniles between plots was high (70%). The mean natal dispersal
distance over the years 2006-2008 was 1281 m ±1051 SD with a maximum of 4726
m. However, our study area was relatively large (ca. 33 km2) and rather isolated (next
bigger forest and village ca. 4 km away). Furthermore, we randomized the plot’s treat-
ment between years and had two treatment replicates within years. This should mini-
mize plot effects on survival caused by disappearance of birds from plots at the edge of
the study area. Thus dispersal out of the study area should not markedly bias our esti-
mates of local survival.

Same-sex densities improve local survival

99

Table 5.1 Overview of average natural (top in cell) and experimental (bottom in cell) values per
treatment group for plot sex ratio (proportion of male nestlings) and plot density (number of
nestlings) for the three study years 2005–2007.

2005 2006 2007

Treatment group mean±SD n mean±SD n mean±SD n

Female biased plot sex ratio 0.49 ±0.02 4 0.47 ±0.06 4 0.46 ±0.01 4
0.24 ±0.005 0.24 ±0.02 0.25 ±0.02

Control plot sex ratio 0.47 ±0.02 4 0.50 ±0.02 4 0.51 ±0.04 4
0.49 ±0.008 0.49 ±0.01 0.50 ±0.03

Male biased plot sex ratio 0.50 ±0.03 4 0.49 ±0.04 4 0.52 ±0.06 4
0.74 ±0.019 0.79 ±0.03 0.76 ±0.02

Low plot density 156.83 ±28.27 6 134.33 ±48.73 6 166.83 ±19.57 6
137.83 ±26.35 119.67 ±48.90 143.00 ±22.02

High plot density 161.50 ±16.28 6 118.00 ±27.62 6 144.83 ±34.50 6
181.16 ±17.32 132.67 ±32.67 168.67 ±42.97



Adults can enter the data set as a breeder in more than one year (n = 251), there-
fore we selected one breeding event randomly for each individual for the analysis on
local adult survival (n = 982). This random sampling procedure was repeated three
times and all three analyses gave qualitatively the same results. Individuals from
broods that were not manipulated (n = 53 juveniles, n = 46 adults), as well as from
replacement broods after failure of known first broods (n = 177 juveniles, n = 67
adults) and all juveniles from second broods were not included in the analyses.

Our data set showed a strong hierarchical structure with individuals nested within
broods, within cohorts (all broods within a plot in a given year) and within plots.
Therefore, we used a mixed model approach in MLwiN 2.0 (Rasbash et al., 2004) to
analyse individual survival probability as binominal response variable with a logit link
error function and corrected for individual, brood, cohort and plot as random effects. 

Our aim was to investigate whether density and sex-composition of plots affected
local survival of male and female great tits differently. For this purpose we calculated
the density of opposite-sex fledglings per plot (number of males for females and vice
versa) and density of same-sex fledglings per plot for each individual adult and juvenile.
Despite our offspring density manipulation at the plot level, the density of fledglings
per plot was strongly correlated to the natural density of nestlings before manipulation
at day 6 within a year (table 5.2). Furthermore, the breeding pair density (based on
the number of incubated first broods per plot) was significantly correlated to the
number of fledglings as well as to the original and final experimental nestling density
at day 6 (table 5.2). We have chosen to analyse breeding pair density and fledgling
density as density variables that are likely to directly affect local survival to the next
breeding season as both should directly relate to competition for available territories
and competition for food. Furthermore, we analysed the effect of change in density at
day 6 (difference between original and final nestling density per plot after manipula-
tion at day 6) to investigate the causal effect of the density treatment and the final
fledgling sex ratio (final plot sex ratio after manipulation at day six was not correlated
to original plot sex ratio; Spearman rank correlation: female biased plots, rs = 0.419,
n = 12, p = 0.174; control plots, rs = 0.399, n = 12, p = 0.199; male biased plots,
rs = 0.252, n = 12, p = 0.430). We performed a stepwise forward regression where
year was controlled for as factor and we tested the explanatory variables sex (categor-
ical with females as reference), fledgling sex ratio (three categories with female biased
plots as reference), breeding pair density, change in nestling density (∆ density), fledg-
ling density, same sex fledgling density and opposite sex fledgling density as contin-
uous variables (all per plot within a year, centred on their population averages) such
as interactions between sex and the fledgling sex ratio categories and sex and all
continuous variables. Correlated explanatory variables were tested independently
from each other. Wald test was applied to determine the significance of explanatory
variables as they were added to the model. In some analyses it occurred that variation
for some of the specified random effects could not be estimated. This indicates that
there was too little variation in survival on these levels or that the underlying levels
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took over all the variation. Excluding levels with zero estimates from the analysis did
not change the results so we always kept them in the models. 

Another study on the same population found that local recruitment probability was
related to variables at the brood level (experimental change in brood size (∆ bs),
laying date, laying date * year, Nicolaus et al. unpublished ms). Furthermore, the same
study analysed the cost of reproduction in relation to the social environment and
showed an interaction effect of ∆ bs * change in plot sex ratio (∆ plot sex ratio) on
adult survival (Nicolaus et al. unpublished ms). Therefore, we additionally ran all
models including those effects and the experimental change in brood sex ratio (∆ bsr).
For juveniles this procedure resulted in the same final model while for adults there was
a difference that will be discuss in the result section.
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Table 5.2 Overview of correlation coefficients between the various plot density and plot sex ratio
variables from three years of data (2005–2007) for a Dutch great tit population. Variables
analysed are residuals corrected for the effect of year (n = 36). Correlations coefficients given
are Spearman rank correlation (rs) for plot sex ratio with other variables and Pearson correlation
coefficient (rc) for all other correlations. 

Variables Original  Change in  Final Fledgling Fledging No of No of  
nestling nestling nestling density sex ratio male female

density d6 density d6 density d6 fledglings fledglings

Breeding pair rc=0.722 rc=0.130 rc=0.705 rc=0.447 rs=-0.154 rc=0.155 rc=0.253

density p<0.001 p=0.450 p<0.001 p=0.006 p=0.369 p=0.366 p=0.136

Original nestling - rc=-0.138 rc=0.773 rc=0.466 rs=-0.169 rc=0.084 rc=0.325

density d6 p=0.424 p<0.001 p=0.004 p=0.325 p=0.624 p=0.053

Change in nestling - rc=0.521 rc=0.297 rs=-0.113 rc=0.076 rc=0.189

density d6 p=0.001 p=0.079 p=0.511 p=0.657 p=0.270

Final nestling - rc=0.591 rs=-0.236 rc=0.122 rc=0.400
density d6 p<0.001 p=0.166 p=0.479 p=0.016

Fledgling density - rs=-0.113 rc=0.242 rc=0.649
p=0.511 p=0.155 p<0.001

Fledgling  - rs=0.874 rs=-0.850
sex ratio p<0.001 p<0.001

No of male - rc=-0.581
fledglings p<0.001



Results

Juvenile local survival
Juvenile local survival varied significantly between years from an average of 0.07 ±
0.007 SE in the period 2005–2006 to 0.18 ±0.012 SE in 2006-2007 and to 0.10 ±
0.008 SE in the period 2007–2008 (table 5.3, fig. 5.1). Juvenile local survival was
significantly negatively related to the number of breeding pairs in the plot of fledging
(table 5.3, fig. 5.1). Additionally, the density of same-sex fledglings in the plot affected
local survival positively for both juvenile sexes (table 5.3, fig. 5.2). Both the relation-
ship with breeding pair density and the effect of same sex fledging density did not
vary between years (tested in final model, year * breeding pair density: χ2 = 2.091,
df = 2, p = 0.351; year * same sex density: χ2 = 1.483, df = 2, p = 0.476). We found
no effect of opposite-sex fledgling density, fledgling density, the fledgling sex ratio or
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∆ density on local survival and none of these variables showed a different effect in
males or females (table 5.3). Correcting our model for variables at the brood level that
significantly related to recruitment probability (in final model, laying date: β = –0.054
±0.022 SE, χ2 = 5.915, df = 1, p = 0.015; year*laying date: χ2 = 10.629, df = 2,
p = 0.005; ∆ bs: β = –0.078 ±0.021 SE, χ2 = 13.617, df = 1, p <0.001, see Nicolaus
et al. unpublished ms for discussion of these results) did not qualitatively change our
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Table 5.3 Model summaries of analysis on local juvenile survival, examining the effects of juve-
nile sex, breeding pair density, fledging density, same sex fledgling density, opposite sex fledgling
density, fledgling sex ratio category and ∆ density (experimental change in nestling density at
day 6) per plot for the three study years 2005–2007. Survival was corrected for year differences
and explanatory variables were tested sequentially. Correlated variables were not tested in the
same model. Summaries are derived from the binominal response mixed-modelling procedure in
MLwiN; n = 3950.

Explanatory variable β (SE) χ2 df P

Final model

Intercept –2.501 (0.117) 459.679 1 <0.001

Year 2006 0.693 (0.181) 19.106 2 <0.001

Year 2007 0.478 (0.169)

Breeding pair density –0.052 (0.016) 10.169 1 0.001

Same sex fledgling density 0.004 (0.002) 3.995 1 0.046

Random effects plot 0.017 (0.028) 0.027 1 0.869

cohort 0.016 (0.038) 0.906 1 0.341

nest 0.266 (0.101) 5.984 1 0.014

Rejected terms

Sex –0.002 (0.108) <0.001 1 0.986

Sex x breeding pair density –0.004 (0.018) 0.050 1 0.823

Sex x same sex fledgling density 0.002 (0.004) 0.161 1 0.688

Fledgling density# 0.001 (0.003) 0.303 1 0.582

Sex x fledgling density# 0.001 (0.003) 0.189 1 0.664

Opposite sex fledgling density* –0.001 (0.002) 0.366 1 0.545

Sex x opposite sex fledgling density* 0.005 (0.005) 1.020 1 0.312

Fledgling sex ratio: control* –0.002 (0.162) 0.071 2 0.965

Fledgling sex ratio: male biased* 0.034 (0.154)

Sex x fledgling sex ratio: control* –0.971 (0.562) 3.001 2 0.223

Sex x fledgling sex ratio: male biased* –0.530 (0.375)

∆ density 0.001 (0.003) 0.127 1 0.722

Sex x ∆ density –0.001 (0.005) 0.017 1 0.896

# tested in model correcting for the factors year 
* tested in model correcting for the factors year and breeding pair density



results. The experimental change in brood sex ratio (∆ bsr) did not significantly affect
survival and did not change the final model (∆ bsr in final model: β = 0.118 ±0.225
SE, χ2 = 0.274, df = 1, p = 0.601). Summarizing juvenile annual local survival was
negatively affected by the density of adult birds but positively by the density of juve-
niles of their own sex and there were large differences between years.

Adult local survival
Adult local survival to the next breeding season significantly varied between years
ranging from an average of 0.16 ±0.02 SE during the period 2005–2006 to 0.32 ±
0.03 from 2006–2007 and to 0.35 ±0.02 from 2007-2008 (table 5.4, fig. 5.1). The
experimental change in density of nestlings (∆ density) seemed to affect both male
and female adult local survival negatively (table 5.4). However, when we controlled
for the change in brood size (∆ bs), the manipulation that was used to create differ-
ences in densities, the effect of ∆ density became non-significant (β = –0.005 ±0.004
SE, χ2 = 1.524, df = 1, p = 0.217). ∆ bs and ∆ density were correlated (Spearman
rank correlation: rs = 0.455, n = 589, p<0.001) but because the brood size effect
alone showed a stronger negative relation with survival (β = –0.060 ±0.028 SE, χ2 =
4.422, df = 1, p = 0.035), we believe that the negative effect of ∆ density on adult
survival is due to the fact that the majority of broods in plots with increased density of
nestlings received additional young in the nest and parents tending enlarged broods
survived less well (Nicolaus et al. unpublished ms). The survival to the next year for
both adult sexes was significantly positively related to the breeding pair density of the
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plot in which an adult had bred (table 5.4, fig. 5.1) and also remained significant
when controlling for the significant interaction effect “∆ bs * ∆ plot sex ratio” found by
Nicloaus et al. (unpublished ms) (breeding pair density: β = 0.046 ±0.018 SE, χ2 =
6.366, df = 1, p = 0.012). Both the relation with breeding pair density and the effect
of ∆ density did not vary between years (tested in final model, year * breeding pair
density: χ2 = 1.057, df = 2, p = 0.589; year * ∆ density: χ2 = 1.284, df = 2, p =
0.526). Adult survival was not affected by the fledgling density, same- or opposite-sex
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Table 5.4 Model summaries of analysis on local adult survival examining the effects of adult sex,
breeding pair density, fledging density, same sex fledgling density, opposite sex fledgling density,
fledgling sex ratio category and ∆ density (experimental change in nestling density at day 6) per
plot for three study years 2005–2007. Survival was corrected for year differences and variables
were tested sequentially. Correlated variables were not tested in the same model. Summaries are
derived from the binominal response mixed-modelling procedure in MLwiN; n = 982.

Explanatory variable β (SE) χ2 df P

Final model

Intercept –1.634 (0.145) 126.305 1 <0.001

Year 2006 1.149 (0.242) - - -

Year 2007 0.814 (0.200) 40.431 2 <0.001

Breeding pair density 0.046 (0.018) 6.440 1 0.011

∆ density –0.007 (0.003) 4.107 1 0.043

Random effects plot - - 1 -

cohort 0.025 (0.050) 0.262 1 0.609

nest - - 1 -

Rejected terms

Sex –0.214 (0.148) 2.089 1 0.148

Sex x number of breeding pairs 0.008 (0.025) 0.098 1 0.754

Sex x ∆ density –0.008 (0.006) 1.490 1 0.222

Fledgling density# 0.002 (0.003) 0.566 1 0.452

Sex x fledgling density# 0.005 (0.005) 0.919 1 0.338

Same sex fledgling density –0.002 (0.003) 0.462 1 0.497

Sex x same sex fledgling density –0.006 (0.006) 1.045 1 0.307

Opposite sex fledgling density 0.002 (0.002) 0.636 1 0.421

Sex x opposite sex fledgling density 0.007 (0.004) 2.634 1 0.105

Fledgling sex ratio: control -0.451 (0.188) 5.838 2 0.054

Fledgling sex ratio: male biased –0.116 (0.176)

Sex x fledgling sex ratio: control –0.292 (0.368) 2.734 2 0.338

Sex x fledgling sex ratio: male biased –0.515 (0.353)

# tested while correcting for the factor year only



fledgling density or the sex ratio of fledglings per plot (table 5.4). There were no sex-
specific effects of fledgling density or fledgling sex ratio and no difference between the
sexes in the effects of same-sex or opposite-sex fledgling density on adult local survival
(table 5.4). Including the non significant ∆ bsr (β = –0.131 ±0.281 SE, χ2 = 0.218,
df = 1, p = 0.640) did not change the final model. Thus, adult annual local survival
was positively related to high densities of adults, negatively affected by an increase in
brood size and varied strongly between years.

Discussion 

Importance of the social context for survival
We tested whether local survival of juvenile and adult great tits was affected by sex-
specific local competition. Our predictions were that high local numbers and a high
number of male fledglings should relate to high levels of competition. This should
negatively affect local survival of young males by increasing competition for available
territories and negatively affect survival of young females by increasing competition
for food. We found that young of both sexes showed lower local survival to the next
year when breeding pair densities were high. However, in contrast to our predictions
the local density of fledglings of the same sex positively affected survival of both male
and female young. This might be because males were positively affected by their own
sex density but females were affected by the absence of males. Then however, the
density of opposite-sex fledgling should have significantly interacted with sex which
was not the case. Neither female nor male juvenile survival was affected by the
density of opposite sex fledglings per plot. In contrast to the juveniles, adult local
survival for both sexes related positively to high breeding pair densities and was nega-
tively affected by brood size enlargement. Our aim was to manipulate absolute fledg-
ling densities to create substantial differences in competitive pressure that should
negatively affect adults and juveniles. However, our density manipulation on the plot
level was probably too weak or post-fledging movement to strong to create such an
effect (see also box A). 

The explanation for the effect of same sex density on local survival of young great
tits will depend on the type of resources individuals competed for and in which period
competition took place but also on how long the experimental change in plot composi-
tion lasted. The first explanation that is at least partly applicable to our results is based
on a descriptive model presented by Tinbergen et al. (1987). Although adult males
generally succeed in defending their territory in autumn (Drent, 1983), Tinbergen et
al. (1987) suggested that at given densities of territorial adult males, the chances for
candidate males (local young or immigrants) to settle in an area is positively related to
increasing numbers of their own type. They argued that this might be because the cost
for adult males to defend a large territory increases with increasing number of candi-
dates (more competitive encounters). Consequently, established adult males should
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reduce the size of their territory which would create “empty” space and allow more
candidates to settle (Tinbergen et al., 1987). Therefore, local survival of young males
would be higher when there are more individuals of their own age and sex in the local
area. This process might require that the sex-biased composition of the plots lasted
until the territorial phase in autumn or that young males stayed together in male
biased flocks. Observations during the post-fledging phase in our study area provided
evidence that the experimentally biased plot sex ratios, at least in some years,
persisted until September (box A). It is however also possible that some members of a
summer flock aggregate together in autumn and winter flocks (Saitou, 1979b) and
that those flocks still showed a sex-biased composition. Although females generally do
not engage in territorial activities (Drent, 1983) there also can be severe skirmishes
between females before the breeding period (C. Both personal observation) thus the
same explanation might also apply to young females. 

A second explanation for the positive effect of same-sex densities on survival might
be that growing up in a same-sex environment makes you a better competitor. Early
and frequent interactions with individuals of the same sex may shape sex-specific
competitive abilities of juveniles. This process may require behavioural or even physio-
logical changes in juveniles that enhance their performance in competition with older
same-sex individuals or immigrants during territory establishment, fighting for food or
when competing for a partner. This mechanism would also work when individuals do
not remain associated with same-sex individuals during autumn and winter. In birds it
has been shown previously that early social interactions are necessary for the develop-
ment of normal behavioural patterns (Groothuis & van Mulekom, 1991; Groothuis,
1992). However it still needs to be established whether an increase of encounters with
same-sex individuals improves sex-specific competitive performance of young birds.
Although we cannot show which processes shaped our results, our experimental study
provides first evidence that a mechanism in juvenile birds might exists which promotes
survival in the presence of conspecifics of the same age-sex class. Same-sex associa-
tions between unrelated individuals have been reported for meadow voles (Microtus
pennsylvanicus; Beery et al., 2009), African wild dogs (Lycaon pictus; de Villiers et al.,
2003) or various non-human primate species (Vanhooff & Vanschaik, 1994; Parish,
1996). For Townsends voles (Microtus Townsendii) it was even shown that the pres-
ence of same-sex-siblings can have positive effects on recruitment (Lambin, 1994).

Natural density effects
We will discuss here possible explanations for why local breeding pair densities related
differently to adult and juvenile local survival. The negative relation of local breeding
pair densities with juvenile survival and the positive relation with adult survival were
apparent in all years although the annual densities varied to a large extent. The higher
adult survival in high density plots might be explained by plot quality traits (high food
abundance, low predator density) that correlated with plot breeding pair densities and
also improved local survival. We have indications, that plots which showed generally
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higher breeding pair densities in our study area are situated close to villages where
artificial winter food is provided (unpublished data). If winter food or general plot
quality enhances local survival this should however, also apply to juveniles. We judge
it likely that artificial food might be easier accessed by adults as they probably have
previous knowledge of food sources from earlier years or because they simply domi-
nate juveniles in competitive interactions (Saitou, 1979c; Drent, 1983; Hogstad,
1989). Alternatively, high density of local adults may have negatively affected survival
of juveniles by affecting competition for non-food related resources (roosting places or
territories). Several authors reported that densities of adults related negatively to the
number of juvenile local settlers in great tits (Kluyver, 1951; Van Balen, 1980; Drent,
1983) and song sparrows (Melospiza melodia; Arcese, 1989; Arcese et al., 1992) and
even juvenile mortality rates that increase with increasing population density
(Kluyver, 1951). However, other studies reported that fledgling local survival rates
were independent of adult densities (Klomp, 1980; Van Balen, 1980). It has been
shown experimentally in willow tits that juveniles can suffer reduced survival in mixed
age groups (Ekman et al., 1981) probably due to displacement by dominant adults
from good foraging areas (Ekman & Askenmo, 1984). Manipulating adult densities
during different phases outside the breeding season might provide more clarity about
the mechanisms involved in competition between age-classes during this period. 

The lack of negative sex-specific effects
Strikingly, our expectations that there should be negative effects of the number of
same-sex competitors on male and opposite sex competitors on female juvenile
survival were not confirmed. We could find no difference between the sexes in how
fledgling density, breeding pair density, fledgling sex ratio, change in density or oppo-
site-sex fledgling density affected survival of both juvenile and adult great tits to the
next years breeding population. 

It is possible that sex-specific behaviours of juveniles, especially aggressive ones,
only manifest themselves after moult in late summer and autumn. By this time the
experimental changes in plot densities and sex ratios were probably weakened due to
movements of birds between plots (box A). However, as the positive effect of same-sex
fledgling density is indeed a sex-specific effect, another explanation is more likely,
namely that juveniles in our study population distributed themselves after fledgling in
a way to reduce sex-specific local competition (chapter 4). In an analysis on post-
fledging movements we found that female juveniles dispersed further from male
biased plots than male juveniles especially in the period when male start to become
territorial. Male young on the other hand moved away more strongly from plots with
generally high numbers of local competitors (chapter 4). This dispersal behaviour
might allow individuals to reduce negative effects of competition. For adults, the lack
of any sex-specific effects on survival might primarily be explained with their general
dominance over juveniles at least until moult (Drent, 1983). One would probably
need to alter sex-specific adult densities to detect an effect on survival of this age class
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(for examples see: Le Galliard et al., 2005a; Smith, 2007). Several studies in birds or
mammals speculated that segregation of seasonal foraging habitats by sex (Ketterson,
1979b; Marra, 2000; Breed et al., 2006) the formation of sex-specific winter flocks
(Benkman, 1997) or sex-specific foraging tactics (Steer & Burns, 2008) are the evolu-
tionary result of avoidance of harmful inter-sexual interactions. Although the subdom-
inant sex may suffer negative consequences from e.g. choosing a suboptimal foraging
habitat (Marra & Holmes, 2001), behavioural adaptations may explain why there is
only little evidence for direct negative effects of inter-sexual interactions on survival of
the subdominant sex (Dunbar & Crook, 1975; Le Galliard et al., 2006).

Conclusions
Our findings strongly suggest that it cannot simply be assumed that all individuals in a
population are equally affected by density dependent mechanisms or that density has
mainly negative effects on survival. In the future, studies should focus on how not
only density but also the sex and age distribution within a population affect individual
survival. Detailed behavioural studies in combination with experimental alteration of
the social structure will help to gain insight in how social traits affect the dynamics of
behavioural interactions. Thereby we will be better able to understand how the
density and sex ratio of the local population affect competition for specific resources
which in turn affect the individual success of males and females. A profound knowl-
edge of the biology of a species will help to make more specific prediction about the
outcome of sex-specific competition.  Furthermore, long term monitoring of subse-
quent breeding decisions and fitness of survivors will provide more insight in how the
social environment can affect population dynamics especially in sexually size dimor-
phic species and species that show a strong social hierarchy in competition for
resources. 
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