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In chapter 4 we described post-fledging juvenile movements in relation to local
changes in density and sex ratio in great tits. We found that the juvenile sexes were
differently affected by local changes in sex ratio and by the natural density in the plot
of fledging. Male juveniles showed stronger dispersal from plots with original high
densities of young but female juveniles moved further from plot with male biased sex
ratios especially in the later post-fledging phase (July-October). Our expectations
were that juvenile movements should be more strongly affected by changes in local
competition than adult movements, as juveniles are generally subdominant to adults
in competitive interactions (Saitou, 1979c; Drent, 1983; Hogstad, 1989) and because
adults generally show little breeding dispersal (see also chapter 6). However, once
juvenile males start to show territorial behaviour, adult females are often dominated
by young males in competitive interactions (Saitou, 1979c; Drent, 1983) while adult
males have to defend their breeding territories (Drent, 1983) against young males that
try to settle (Tinbergen et al., 1987). Furthermore, during the period where juveniles
are still dependent on their parents, adults and particularly the male parent may
actively lead the juveniles to specific foraging areas (Drent, 1984). Given these condi-
tions, adult post-fledging movement may serve the purpose to guide the offspring to
good foraging places, to avoid local competition with juveniles or to face competitive
interactions (stay to defend a territory). Especially under an increased local sex ratio
of young and under high local densities, adults of both sexes may need to adjust the
distances moved from the breeding nest box to the prevailing competitive regimes.
Therefore, we investigated for male and female adults (that were parents of a first
brood) whether and how their movements during the post-fledging phase were
affected by the experimental manipulation of plot densities and plot sex ratios.

Methods

Generally the methods were the same as described in chapter 4. We used observations
of all adults that were identified as parents of a first brood (all broods that started
within 30 days of the very first brood in a given year) in 2005 and 2006. We only
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included first broods that had at least one successfully fledged young. Birds were
sometimes seen more often during an observation event (day), therefore we used the
maximum distance seen from the nest box of origin per observation day. We excluded
observations that were earlier than six days prior to the expected fledging date of the
first brood. This was done because observed fledging date normally had an accuracy
of ±1 day if birds fledged as expected (around day 19) but some broods might have
already fledge after disturbance at day 14 (thus five days prior to the first fledge check
at day 19). This resulted in a sample size of 1059 dispersal events for 507 individual
parents. 

We used linear multilevel analysis in MLwiN 2.0 (Rasbash et al., 2004) with the
levels (random effects) plot, cohort (all broods within a plot in a given year), brood,
individual and sighting. The dependent variable was the distance of observation from
the nest box of breeding and was transformed by taking the log10 to allow analysis
using normal response models. As explanatory variables we analysed sex, year, plot
sex ratio treatment and the occurrence of a second brood as categorical predictors and
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Table B.1 Model summaries examining distance moved from nest box of breeding by adult great
tits in the early phase (first four weeks) after fledging during 2005 and 2006 in relation to the
effects of adult sex, experimental plot treatments, natural plot density, occurrence of second
brood and days since fledging (days). Summaries are derived from the normal response mixed-
modelling procedure in MLwiN. Reference categories are 2005, female, no second brood and
female biased plot respectively. Random effects are plot, cohort, brood, individual and sighting.
Rejected terms are sex, original plot density, change in plot density and fledging date; n = 527.

Explanatory variable Level β (SE) χ2 df P

Final model

Intercept –0.180 (0.099) 3.323 1 0.068

Year cohort 0.252 (0.108) 5.437 1 0.020

Second brood brood –0.602 (0.150) 16.005 1 <0.001

Days sighting 0.013 (0.009) 1.947 1 0.163

Plot sex ratio control cohort 0.249 (0.124) - - -

Plot sex ratio male biased cohort 0.226 (0.129) 4.790 2 0.091

Days * plot sex ratio control cohort –0.002 (0.012) - - -

Days * plot sex ratio male biased cohort 0.033 (0.015) 6.601 2 0.037

σ2 (SE) χ2 df P

Random effects plot / / / /

cohort / / / /

brood 0.320 (0.060) 28.710 1 <0.001

individual / / / /

sighting 0.571 (0.047) 147.813 1 <0.001



the original plot density, the change in density (∆ density), fledge date and days since
fledging (number of days from fledging until the sighting) as continuous variables (all
centred on their population averages). Similar as for the juveniles, we split the data in
two sets that were analysed separately, the early phase of the first four weeks post-
fledging (until 28 days) and the later phase (29–148 days) and tested only linear rela-
tions with days since fledging. This was done because parents can still provide care to
their first brood young up to four weeks after fledging (Verhulst & Hut, 1996). For
further details of the analyses see chapter 4.

Results

In the early phase of the post-fledging period parents increased the distances moved
from their breeding nest box with the number of days since fledging (table B.1) but
decreased the distances again in the later phase (table B.2). Adult great tits were seen
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Table B.2 Model summaries examining distance moved from nest box of breeding by adult great
tits in the later phase (July till October) after fledging during 2005 and 2006 in relation to effects
of adult sex, experimental plot treatments, natural plot density, occurrence of second brood and
days since fledging (days). Summaries are derived from the normal response mixed-modelling
procedure in MLwiN. Reference categories are 2005, female, no second brood and female biased
plot respectively. Random effects are plot, cohort, brood, individual and sighting. Rejected terms
are year, original plot density, change in plot density and fledge date; n = 532.

Explanatory variable Level β (SE) χ2 df P

Final model

Intercept –0.180 (0.099) 3.323 1 0.068

Intercept 0.076 (0.130) 0.588 1 0.557

Second brood brood -0.387 (0.126) 9.360 1 0.002

Days sighting -0.003 (0.001) 5.238 1 0.022

Sex individual 0.019 (0.130) 0.021 1 0.885

Plot sex ratio control cohort 0.508 (0.174) - - -

Plot sex ratio male biased cohort -0.123 (0.186) 12.897 2 0.002

Sex * plot sex ratio control cohort -0.513 (0.197) - - -

Sex * plot sex ratio male biased cohort 0.030 (0.203) 8.663 2 0.013

σ2 (SE) χ2 df P

Random effects plot 0.027 (0.024) 1.292 1 0.256

cohort / / / /

brood 0.282 (0.072) 14.821 1 <0.001

individual 0.060 (0.067) 0.812 1 0.367

sighting 0.546 (0.051) 114.818 1 <0.001
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Figure B.1 Distances moved (log10 transformed) with days since fledging for adult female (left
panels) and male (right panels) great tits in the early (upper panels) and later (lower panels)
post-fledging phase in relation to the plot sex ratio treatment. For graphical representation days
since fledging were grouped over the first two weeks, the second two weeks, the weeks 5–10,
11–16 and the weeks 17–21. Averages per group and standard errors are based on the raw data
of the years 2005 and 2006.
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Figure B.2 Distances moved (log10 transformed) by adult great tits with days since fledging for
the early and the later post-fledging phase in relation to the occurrence of a second brood.
Averages per group and standard errors are based on the raw data for the years 2005 and 2006.



on average at a distance of 193 m ±2.91 SD from their breeding nest box in the first
four weeks post-fledging but were observed at closer distances to their breeding box
after juveniles gained independence (178 m ±3.40).

In the early post-fledging phase movement with days since fledging significantly
differed between the plot sex ratio treatment categories (table B.1). Especially in the
third and fourth week after fledging both parental sexes were observed at larger
distances from male biased than control and female biased plots (fig. B.1). For
females, the plot sex ratio treatment significantly affected the distances moved from
the breeding nest box in the later post-fledging phase (table B.2) with stronger move-
ments from control plots than from male biased and female biased plots. No such
pattern was found for males (fig. B.1). 

For both post-fledging phases parents that had no second brood moved signifi-
cantly further from their nest box of breeding than parents that did initiate a second
brood (table B.1 and 2, fig. B.2). In the early post-fledging phase distances travelled
also differed between the two study years with larger distances moved in 2006 (table
B.1).
The original density (oD) or the change in density (∆D) did not affect parental move-
ments in the early (oD: χ2 = 0.025, df = 1, p = 0.875; ∆D: χ2 = 0.044, df = 1,
p = 0.834) or later post-fledging phase (oD: χ2 = 0.149, df = 1, p = 0.699; ∆D:
χ2 = 0.295, df = 1, p = 0.587). There were also no sex-specific effects of original
density or ∆ density in the early phase (oD * sex: χ2 = 0.149, df = 1, p = 0.699; ∆D *
sex: χ2 = 0.546, df = 1, p = 0.460) or the later phase (oD * sex: χ2 = 0.044, df = 1,
p = 0.834; ∆D * sex: χ2 = 0.332, df = 1; p = 0.564). The plot sex ratio treatment did
not interact with original density (oD) or ∆ density (∆D) to affect adult movement
(early phase: plot sex ratio * oD, χ2 = 3.205, df = 2, p = 0.201; plot sex ratio * ∆D,
χ2 = 5.220, df = 2, p = 0.073; later phase: plot sex ratio * oD, χ2 = 1.542, df = 2,
p = 0.462; plot sex ratio * ∆D, χ2 = 3.372, df = 2, p = 0.185). There was no sex-
specific effect of the interaction between plot sex ratio treatment * ∆ density in the
early phase (χ2 = 0.239, df = 2, p = 0.887) or the later phase (χ2 = 0.178, df = 2,
p = 0.915).

Discussion

Adult great tits were affected by the sex ratio manipulation of young in a rather
complex manner. In the first period post-fledging we found a significant interaction
between the plot sex ratio and the time since fledging of the brood. Adults from male
biased plots moved significantly further especially in the third and fourth week after
fledging of the first brood. In this period most young are still together with their
parents (Drent, 1984; Verhulst & Hut, 1996) but start to gain independence and feed
themselves (personal observations). Parents might have actively led their brood away
from male biased plots when the young were getting independent because they may
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foresee increased local competition for and from their offspring. In male biased plots,
the competition for available territorial space is expected to be higher for males and
for females the competition for food. That this could have at least promoted dispersal
of female young from male biased plots in the later phase is shown in chapter 4.

Earlier studies provided little data on how the different adult sexes move after the
period of post-fledging dependency but generally stated that adults returned close to
their breeding territories (Hinde, 1952; Drent, 1984). Especially for male adults it
should be beneficial to stay close to the breeding territory because they have a domi-
nance advantage in competitive interactions in winter due to prior residency (Drent,
1983; Dingemanse & de Goede, 2004). In accordance with this, we found that adult
males generally stayed close to their breeding boxes after an initial period of family
movement. Adult females however only remained close if they originated from female
biased and male biased plots but moved further in the later period if they came from
control plots (balanced sex ratio). Control sex ratio plots might represent more natural
social environment for adult great tits and females would then move further from the
breeding territory than males as they do not necessarily benefit so much from prior
residency in competitive interactions. We have some indication that females generally
leave our study area in winter, as during mist netting and nest box checks in autumn
and early winter we found less females than males (see box A, unpublished data) but
higher numbers of females again in February and March (box D). A sex ratio bias in
the breeding plot however, did affect female adults to stay closer to their breeding nest
box. A convincing single explanation for this behaviour is difficult to give, because
different processes have to be assumed acting on adult females in male or female
biased plots. Females might be forced to remain close in female biased plots in order
not to lose their breeding nest box or partner to a juvenile female. In male biased plots
however they might assist their partner in defending a territory to potentially
intruding male young. Females may also stay closer in male biased plots to choose a
new partner as some pair formation can already occur in autumn (Hinde, 1952). 

We found no effect of the original plot density on adult post-fledging movements
but adults were probably adapted to the local densities as birds settle in their breeding
habitat according to their competitive abilities (Doligez et al., 2004; Duckworth,
2006). The breeding pair densities per plot strongly correlated to the original densities
of nestlings (see also chapter 4). The experimental change in density of young did also
not affect adult movement in the direction predicted, possibly because the manipula-
tion was not so effective in changing absolute numbers of fledglings (see Box A). More
likely however, adult movements were not affected by the density of young because
adults are generally dominant over juveniles in competitive interactions (Saitou,
1979c; Drent, 1983; Hogstad, 1989).

The initiation of a second brood strongly shaped the post-fledging movement
patterns of adult great tits. Parents that had initiated a second brood generally stayed
closer to the breeding box of the first brood. Usually second broods were raised in the
same nest box as the first brood (22 %, 16/73) or in a neighbouring nest box (77 %,
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56/73). While the male generally feeds the first brood fledglings, the female ceases
post-fledging care when she starts a second brood (Verhulst & Hut, 1996) although
she can still be seen accompanying the family (Kluyver, 1951). The latter might also
explain why we did not find different patterns for male and female adults with a
second brood. The male parent might stay closer to the breeding box while feeding the
first brood fledglings to be able to assist the female during incubation of the second
brood (Kluyver, 1950). 

In 2006 adults moved further distances from the breeding box than in 2005 at least
in the early phase. One explanation for this might be that the food conditions after
fledging were better in 2006 than in 2005 and according to Naef-Daenzer and
Grüebler (2008) families with young in better condition move further. Another expla-
nation might however be that there were overall more second broods initiated in 2006
(32 % vs. 9% in 2005) which might have promoted movement of parents that did not
have a second brood.

Conclusions
An interesting finding of this study that would merit further investigation is that adults
might have actively led young away from areas where the expected level of local
competition for food and territories was high (male biased areas). We cannot easily
explain why females from control plots showed different movement pattern than
females from female or male biased plots. It indicates however, that the experimental
plot sex ratio treatment affected movement behaviour of female adults. The different
pattern for male and female adults in relation to the plot sex ratio treatment is prob-
ably best explained by the male need to engage in territorial defence in autumn and
males thus always need to stay close to their territory.
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