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Abstract
We describe the use of subcutaneous passive integrated transponder (PIT) tags in
nestling and adult Great Tits Parus major. We investigated whether subcutaneous PIT
tags affected fledging success, winter condition, survival and/or recruitment. We found
no negative effects of PIT tags on any of these measures either in juveniles or in adults.
Subcutaneous PIT tags have the advantage that the risk of tag loss is negligible and that
further data collection can be automated. The subcutaneous implantation of PIT tags
provides a promising technique for researchers aiming at gathering short or long-term
data without the need to handle or disturb small birds after implantation. 

Chapter4
Effect of PIT tags
on the survival and recruitment of Great Tits

Marion Nicolaus, Karen M. Bouwman and Niels J. Dingemanse



INTRODUCTION

Passive integrated transponder (PIT) tags offer a useful technique for monitoring
animal activity in the wild. PIT tags, designed for implantation, do not require bat-
teries and, thus, potentially, have an unlimited lifespan. These tags permit collection
of data without handling or disturbing animals after being equipped with a PIT tag.
Placing antenna at sites that are known to be regularly visited by tagged individuals,
such as nests or feeders, could be used to collect automated data that provide infor-
mation about behaviour (e.g., roosting, feeding activity, and movements) and may
allow survival estimation. 

PIT tags have been used to quantify the provisioning and feeding behaviour of
birds (Ballard et al. 2001; Boisvert & Sherry 2000; Freitag, Martinoli & Urzelai 2001;
Ottosson, Backman & Smith 2001; Weimerskirch et al. 2001), to monitor the survival
of individuals (Becker & Wendeln 1997; Dittmann & Becker 2003; Gendner et al.
2005) and to identify nests in the wild (Booms & McCaffery 2007). To date, PIT tags
have been used primarily in large adult birds (Weimerskirch et al. 2001, Ballard et al.
2001, Gauthier-Clerc et al. 2004, Low et al. 2005), but also in chicks of large birds (e.g.
Applegate et al. 2000; Carver, Burger & Brennan 1999; Gauthier-Clerc et al. 2004;
Jamison et al. 2000). Investigators have reported no negative effects of these tags on
behaviour or survival (Carver et al. 1999; Clarke & Kerry 1998; Gauthier-Clerc et al.
2004; Jamison et al. 2000; Kenward et al. 2001; Low, Eason & McInnes 2005).

For passerines, PIT tags have generally been attached externally to metal or
colour bands (Boisvert & Sherry 2000; Ottosson et al. 2001). Because externally
attached tags may be lost (Jamison et al. 2000), subcutaneously injected PIT tags
would be preferable, especially for monitoring the behaviour or survival of individu-
als over extended periods. However, for small passerines, the effects of subcuta-
neous PIT tags on passerines could differ from those on larger birds. The behaviour
of adult and juvenile Dark-eyed Juncos Junco hyemalis with and without subcuta-
neous implanted PIT tags did not differ (Keiser et al. 2005), but the possible effects
of these tags on fitness components in passerines have not been investigated. Our
objective was to determine if the subcutaneous use of PIT tags had adverse effects
on juvenile and adult Great Tits Parus major and, specifically, to determine if PIT
tags influenced fledging success, condition, survival, and recruitment. 

METHODS

Data collection
We studied Great Tits in the Lauwersmeer (53°23’N, 6°14’E), a wetland area in The
Netherlands. In 2005, we placed 50 nest boxes in each of 12 woodlots. Beginning in
April, boxes were checked weekly to determine laying dates, hatch dates, and clutch
sizes. When 2 days old (day 0 = hatching day), nestlings were bled and subsequently
sexed using molecular methods (Griffiths et al. 1998). At day 6, nestlings were band-
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ed with a metal band and, at day 14, they were weighed (± 0.1 g) and banded with
three colour bands to allow individual identification after fledging. At day 14, the
mean weights were 15.61 ± 1.39 g (N = 1675) for female nestlings and 16.32 ± 1.41 g
(N = 1626) for males. Juveniles typically fledge when 20 days old (2005-06 1st

broods: 20.36 ± 1.48 days, N = 383 nests). 
Survival during the post-fledging period was estimated by observation of colour-

banded juveniles from June - October 2006, following a fixed protocol with constant
effort in the whole study area. Twice a month, each woodlot and its surroundings
were checked for 4 hrs and colour-banded birds were identified using binoculars.
Observations began when the first juveniles fledged. In addition, from September -
December 2005 and 2006, juveniles and adults were captured in mist nets, weighed,
and measured. In mid-December, all boxes were checked for roosting birds. 

PIT tags
In 2005, we conducted a pilot experiment to test the feasibility and potential impact
of subcutaneous injection of PIT tags on nestlings. Nestlings in 24 of 258 nests were
randomly chosen for implantation. Within these 24 nests, 54 of 181 nestlings (27 ran-
dom females and 27 random males) were injected on day 10 and checked for infec-
tion on day 14. During 2006, two or three juveniles per nest were randomly assigned
to receive a subcutaneous PIT tag on day 14. Overall, 444 of 1557 nestlings were
implanted (Table 4.1). In 2005, adult Great Tits captured during the non-breeding
season (see above) were divided into an experimental group implanted with PIT tags
(N = 42) and a control group (N = 99). Adults were implanted using the same pro-
tocol described for juveniles. 

We used Trovan ID100 (Trovan, Ltd., Douglas, UK) implantable PIT tags (2.12 x
11.5mm; 0.1 g). These tags provide a unique 5-byte code read with either a portable
or stationary reader. PIT tags, provided pre-sterilized and ready to use with a dispos-
able needle, were injected subcutaneously in the back of birds above the scapula and
in the featherless area on the right side (Fig. 4.1A). During each procedure, one per-
son held the bird while a second person injected the PIT tag. To facilitate injection,
the second person gently pulled up the skin using a pair of tweezers with round
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Table 4.1 Survival between day 14 and fledging for Great Tit nestlings implanted (“tagged”)  and
not implanted (“control”) with a PIT tag in the breeding season 2006.   

First broods Second broods

N % fledged N % fledged

Control females 432 90.5 133 95.5
males 427 90.2 121 99.2

Tagged females 172 91.3 53 100
males 171 95.9 48 100



extremities (Fig. 4.1A). The perforation of the skin, located below the implanted tag,
was closed by applying a small quantity of topical adhesive (NEXABAND®S/C,
Abbott Laboratory) and pressing the skin with a cotton stick for one second (Fig.
4.1B). The procedure did not require anesthetic and the injection did not cause any
bleeding. After about 2 min, the wound was checked and a Trovan LID 570 Pocket
Reader was used to check whether the PIT tag was detected after implantation
(detection range=380 mm with a pocket reader and 240 mm with a GR250 reader;
Fig. 4.1C). 

Statistical analyses
Binominal response models with logit-link functions were used to study the impact
of the implantation of PIT tags on fledging success (defined as the survival between
day 14 and fledging) and recruitment of nestlings (defined as the probability of a
locally born bird to enter the breeding population the following year knowing that it
fledged). We used Generalized Linear Mixed Models (GLMM) where woodlot, nest
box nested within woodlot, and individual nested within nest box were fitted as ran-
dom effects (using MLwiN v. 2.02(Rasbash et al. 2004). Presence / absence of a sub-
cutaneous PIT tag was fitted as fixed effect as well as several covariates that may bias
the outcome of the estimated effects of PIT tag: sex, hatching date and mass at day
14. All continuous explanatory variables were centered around the mean by subtract-
ing the mean trait value of the population of that year from the individual trait
(Rasbash et al. 2004). In 2005, all nestlings implanted at day 10 successfully fledged
so we could not analyze fledging success. In addition, sample sizes were not balanced,
with 54 implanted nestlings and 1726 non-implanting nestlings. Therefore, to analyze
recruitment, we reduced the sample size of the non-implanted birds by randomly
picking 100 nestlings (50 females and 50 males).
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Figure 4.1 (A) A nestling Great Tit (day 14) being implanted with a PIT tag using a sterile dispos-
able needle. The injection is facilitated by pulling up the skin with a pair a tweezers. (B) After
injection, the PIT tag remains visible under the skin in the middle part of the back. The wound is
closed with tissue glue. (C) The PIT tag code is checked with a hand pocket reader before replacing
the nestling in the nest.



Capture-recapture data analyses were carried out using MARK v. 5.1 (White et
al. 1999). Post-fledging survival (ϕ) and recapture probabilities (p) were estimated
for each month (t) of the re-sighting period using Cormack-Jolly-Seber models.
Starting from a basic time-dependent model known to have a good support of the
data (Michler, unpubl. data), we examined the effects of treatment (two groups:
implanted vs. non-implanted; effect of implantation denoted as T in the model) on
survival. We tested whether the two models ϕ(t)p(t) (model 1) and ϕ(t+T)p(t)
(model 2) differed using a Likehood Ratio test. Goodness-of-fit analysis was per-
formed on the full time-dependent model using the median ĉ-approach. Our global
model was an appropriate starting model (ĉ=1.65). 

For re-captured fledglings, we compared the mass of implanted nestlings (cor-
rected for the PIT tag mass of 0.1 g) to that of non-implanted nestlings using t-tests
for independent samples (STATISTICA v. 7.0). We used a binominal response
model with logit-link function (see above) to estimate adult winter survival, with the
survival probability from winter to the subsequent breeding season used as a
dependent variable. The presence/absence of a PIT tag, sex, and centered winter
mass (see above) were included in the model. Level of significance of the explana-
tory variables was set at P < 0.05. All means are given with standard errors (SE). 

RESULTS

In 2005, all nestlings implanted at day 10 fledged successfully. In 2006, fledging suc-
cess was not affected by the presence of PIT tags, sex, or hatching date. However,
fledging success increased with fledging mass at day 14 (Table 4.2). Juvenile post-
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Table 4.2 Effects of presence of a PIT tag, mass at day 14, sex, and hatching date on fledging suc-
cess and recruitment of young Great Tits in two years. Significant values of P are given in bold face.

Fledging successa Recruitment

β s.e (β) χ21 P β s.e (β) χ21 P

2005
presence of PIT tag - - - - –1.57 0.67 2.7 0.10
mass at day 14 - - - - –0.33 0.23 2.1 0.15
sex - - - - 0.68 0.78 0.7 0.39
hatching date - - - - -0.23 0.11 4.5 <0.05

2006
presence of PIT tag –0.23 0.31 0.6 0.46 0.01 0.16 0.01 0.94
mass at day 14 0.01 <0.01 62.6 <0.001 0.26 0.05 24.6 <0.001
sex –0.01 0.29 <0.01 0.98 –0.05 1.61 0.1 0.78
hatching date 0.02 0.02 1.3 0.25 –0.03 0.01 30.5 <0.001

aThe analysis was not conducted in 2005 because all implanted birds fledged successfully.



fledging survival did not differ between tagged and untagged birds over the first
5 months (LRT: χ21=0.2, P=0.69; deviance model 1=105.90; deviance model 2=
105.74, Fig. 4.2). Survival estimates were 0.78±0.02 for young with PIT tags and 0.77
±0.01 for those without tags. 

Generally, PIT tags remained at the point of injection. When nestlings were
checked four days after implantation and when juveniles were captured after fledg-
ing, PIT tags were still visible under the skin at the site of implantation and no birds
showed signs of infection. For one recaptured juvenile, the PIT tag was not visible,
but had moved into surrounding tissues. 

Winter condition
The mean mass of young females with (17.8±0.1 g, N=18) and without (17.5±0.1 g,
N = 38) tags did not differ (t54=0.8, P=0.42). Similarly, the mean mass of young
males with (18.9±0.1 g, N=35) and without (18.9±0.1 g, N=77) tags did not differ
(t110=1.0, P=0.31). 

Recruitment
For young that fledged in 2005, the recruitment probability was 0.04 for implanted
birds (N=54) and 0.06 for non-implanted birds (N=100). In 2006, recruitment prob-
ability was 0.16 for implanted birds (N=422) and 0.15 for non-implanted birds
(N=1026). For both years, recruitment probability was not affected by either the
implantation of PIT tags or nestling sex (Table 4.2). However, hatching date had a
negative effect on the likelihood of recruitment (Table 4.2, Fig. 4.3) and heavier
fledglings had a higher recruitment probability in 2006 (Table 4.2, Fig. 4.4).
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Figure 4.2 Monthly post-fledging survival estimates for juvenile great tits implanted with a PIT tag
and control birds (i.e. non-implanted). Estimates (±0.95 CI) are for the year 2006 and derived
from a mark-recapture analysis based on the model ϕ(T+t+Tx t)p(t) (where ϕ = survival probabil-
ity, T = presence of PIT tag, t = time intervals and p = resighting probability). PIT tagged and con-
trol birds did not differ in survival. With this model no reliable survival estimate for PIT tagged
birds could be provided for the last interval.



Adult recapture rate
For adult birds captured during the non-breeding season (2005), the probability of
breeding the next year (2006) was 0.24 for implanted birds (N=42) and 0.15 for non-
implanted birds (N=99). Recapture rates were not affected by the presence of a PIT
tag (0.68(0.47), χ2

1=2.1, P=0.15), winter mass (-0.25(0.28), χ2
1=0.8, P= 0.38), or

sex (–0.29(0.54), χ2
1=0.3, P=0.59). 
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Figure 4.3 Recruitment probability (±0.95 CI) of fledged great tits decreased with fledging date,
but was not affected by the presence of a subcutaneous PIT tag (grey dots: PIT tagged group; black
dots: control group). Data are for the year 2006; date has been categorized in 8 groups. Sample
sizes of each category are given above the figure for implanted bids (lower) and control birds
(upper); the regression lines for PIT tagged birds and control birds are derived from the logistic
regression model presented in Table 4.2.
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DISCUSSION

We found that subcutaneous PIT tags had no adverse effects on nestling survival,
fledging success, survival of juveniles and adults, or recruitment rates in Great Tits.
These results, in combination with those of Keiser et al. (2005), suggest that subcuta-
neous PIT tags can be used on small passerines without deleterious effects for at
least one year. Similar results have been reported for larger birds, with PIT tags hav-
ing no deleterious effects on the behaviour and survival of either adults (Clarke &
Kerry 1998; Gauthier-Clerc et al. 2004; Kenward et al. 2001; Low et al. 2005) or juve-
niles (e.g. Carver et al. 1999; Jamison et al. 2000). 
PIT tags could have a wide range of applications, including the study of behavioural
decisions of nestlings, juveniles and adult passerines over longer time scales and dur-
ing different periods of the year. For passerines that can be attracted to automated
readers, PIT tags may allow researchers to obtain standardized estimates of e.g. spa-
tial behaviour, timing of dispersal, foraging behaviour, and survival. Compared to
telemetry, PIT tags offer the advantage of automated data collection with minimal
disturbance of animals and collection of standardized data for large sample sizes.
Nevertheless further studies are needed to judge how the advantages of this tech-
nique balance its potential disadvantages (e.g. detection range, high cost and detec-
tion accuracy).
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BoxC
Experimental effects of social environment
on post-fledging movements in the great tits
(Parus major)

Marion Nicolaus



INTRODUCTION

In territorial monogamous species, the acquisition of a territory and a mate is a pre-
requisite for reproduction (Begon et al. 1990). Therefore habitat selection and settle-
ment are important determinants for individual fitness. Discrimination among dif-
ferent habitats may be greatly influenced by their local social environment (number
or proportion of different individual types) that determine the level of intra-specific
competition for limited resources or convey information about local breeding per-
formance of conspecifics (public information) (see chapters 8 and 17 in Clobert et al.
2001). In this box we tested which mechanisms (competition vs. public information
use) underlie dispersal patterns of great tit fledglings (Parus major) during the post-
fledging period. This phase is indeed expected to play an important role in habitat
selection process because it precedes the appearance of sexual behaviours (e.g. terri-
torial behaviour) and settlement choice (Drent 1984). 
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Figure Box C.1 Map of the study area in the Lauwersmeer (53°20’N, 06°12’E) in the Netherlands
where a great tit population was monitored. Each black area (1 to 12) represents a plot carrying 50
nest-boxes within a woodlot. Dark grey areas are wooded areas without nest-boxes. Light grey
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(with 2 replicates) combining nestling density and nestling sex ratio were randomly assigned to a
plot and changed every year. The maximum distance between the plots is 6 km. The white stars indi-
cate the location of the temporally 24 feeding tables placed in 2006 in the area during the whole
post-fledging period. The doted lines indicate how the study area was divided for the analyses.



To unravel the mechanisms underlying post-fledging movements of male and
female fledgling great tits, we altered for three years the social environment of 12
woodlots (plots) via simultaneous manipulations of local fledgling densities and sex
ratios. In a pilot in 2006, we analyzed post-fledglings movements between feeding
tables of PIT tagged young great tits in relation to the plot manipulations. We then
examined whether these movements correlated with roosting choice in winter and
settlement the next year. In great tits, males is the dominant and philopatric sex
(Greenwood et al. 1979; Wilson 1992). Hence if competition between the sexes is the
main mechanism behind these movements, females are expected to move further
away from male biased high density plots. If competition within the same sex is the
main mechanism behind these movements, birds are expected to move further away
from plots carrying higher number of their sex. Alternatively, if high density and high
proportion of males is a cue for high quality habitat (Doligez, Danchin & Clobert
2002; Doligez et al. 2008), birds are expected to stay or to move less far away from
high density and / or male biased plots. 

MATERIAL AND METHODS

Study area and study species
The study was carried out in a great tit population (Parus major) in the Lauwersmeer
area located in the north-east of the Netherlands (53°23’ N, 6°14’ E). Before the
2005 breeding season, we reorganised the existing study area by establishing 12 nest-
box areas (plots). Each plot consisted of 50 boxes which were at a distance of 50 m
apart from each other (Fig. Box C.1). 

Data collection
BREEDING SEASON

From the beginning of April on, occupied nest-boxes were monitored and breeding
data such as laying date, clutch size or hatching date (day 0) were collected. Nestlings
in each nest were ringed, their growth followed and their parents caught for identifi-
cation. All details concerning the procedure are described in chapter 2. Of impor-
tance for this study, chicks of the first broods were swapped at day 6 among nests of
similar age to achieve the manipulation needed at a plot level (see experimental
part). At day 14, two to three nestlings were randomly chosen in each nest to be sub-
cutaneously implanted with a Passive Integrated Transponder (PITtag; for details see
Nicolaus et al. 2008). This later treatment was also applied to nestlings of the second
broods. In 2006, 157 Pit tagged females and 164 Pit tagged males fledged successfully.

POST-FLEDGING PHASE - WINTER

In 2006, 24 feeding tables (or feeders) were temporary placed in the study area (both
in and in between the nest-box plots) from early August until end of December (Fig.
Box C.1). These feeders were all equipped with an antenna connected to a reader
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(Trovan LID 665 reader). This system allowed the collection of automated data of
the visits of PIT tagged birds. Every bird visit was recorded with time, date and the
transponder number of the bird. The first 3 first weeks of August, the feeders were
continuously filled with sun flower seeds to allow birds to learn their location. After
these first weeks, the feeders were filled semi-randomly once every three weeks (i.e.
allowing only half of the feeders to be filled at the same time). The feeders were vis-
ited once a week to change the battery of the reader, to fill or remove seeds and to
download the readings. 

WINTER AND NEXT YEAR BREEDING SEASON

Mid December all nest-boxes were checked at night to determine which great tits
roosted in them. Recruitment and settlement decisions were determined based on
recaptures of young ringed great tits as breeding birds in our study area the next
year.

Experimental set-up
We altered the social environment (number of males and females) of the great tit
population in the 12 study plots via simultaneous manipulations of plot nestling den-
sities (number per plot, i.e. per 50 nest-boxes) and sex ratios (proportion of nestling
males in a plot) at day 6 leaving the natural breeding densities (number of breeding
pairs per plot) unchanged. That way, we created six different experimental treat-
ments combining a manipulation of nestling density (low/high) and sex ratio
(female/balanced/male). These plot treatments were achieved by manipulating all
the local brood sex ratio and brood size in the direction needed to achieve the plot
treatment. Female and male biased plots were manipulated to ca 25% or ca 75%
male nestlings respectively while balanced plots were manipulated to ca 50% which
reflects a natural situation. Low and high density plots were manipulated to ca
±13% of change in the number of nestlings in a plot. For further details on the
manipulation scheme and the success of the experimental changes, see Nicolaus et
al. (2009b). This study was carried out under license of the Animal Experimental
Committee of the University of Groningen (license DEC-4114 B).  

Analyses
POST-FLEDGING MOVEMENTS

To analyze the effect of altered social environment on post-fledging movements, we
grouped the 24 feeders under 12 areas of which manipulation correspond to those of
the closest plot (e.g. feeders placed outside a nest-box area were arbitrary assigned
to the closest plot; Fig. Box C.1).

The automated data collected on the feeding tables gave us information for each
month on which birds were visiting which feeder. We therefore calculated per bird
the number of different feeders visited per month as well as the maximum distance
travelled per month. The maximum distance was calculated as being the distance
between the nest-box of origin and the feeder visited. The number of months that an
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individual was detected varied from 1 to 4. To account for sources of inter-depend-
ency between measurements (repeats measurements of individuals originated from
the same nest or the same plot), we used generalized linear mixed models (MLwiN
versions 2.02; Rasbash et al. 2004) distinguishing between variance at 4 levels: plot,
nest, individual and month. 

We analyzed the log10 of the maximum distance travelled per month using nor-
mal response models whereas the number of feeders visited per month was analyzed
using Poisson response model with a log link function. We tested for effects of
altered social environment by including in the model the natural plot nestling density
and sex ratio at day 6 and their experimental changes (original values before manip-
ulation – experimental values after manipulation at day 6) and the interaction
among treatments. To test for sex-specific effects, fledgling sex was included in the
models and tested in interaction with the experimental changes of density and sex
ratio. We also controlled the analyses for fledging date, brood size (original brood
size and its change at day 6), time and time2. Apart from sex (female=0 and
male=1) that was fitted as a factor (with female used a reference category), all the
other explanatory variables were used as continuous. All variables except time were
centred around the population mean. In total 37 different individuals were detected
on the feeding tables and 87 repeat measurements of these individuals were available.

CORRELATES WITH LONG TERM DISPERSAL

We investigated whether post-fledging movements were a predictor for long term
dispersal. For that we analyzed the variation in distance to the roosting site in winter
(distance between the nest-box of fledging and the nest-box of roost in December
n=15 birds) and in natal dispersal distance (distance between the nest-box of origin
and the nest-box of breeding the next year; n=11 birds) in relation to the maximum
distances travelled by fledglings during the last month they were detected. To
account for sources of inter-dependency between measurements (individuals origi-
nated from the same nest or the same plot), we used generalized linear mixed mod-
els (MLwiN versions 2.02; Rasbash et al. 2004) distinguishing between variance at 3
levels: plot, nest and  individual. The log10 distances were analyzed using normal
response model. We also tested for sex specific effects by including sex as a factor
(with female =0 used a reference category) and sex interactions in the models. 

RESULTS

Distance travelled
Interestingly, altered plot sex ratio had a sex-specific effect on the maximum dis-
tance travelled per month (Table Box C.1). Female fledglings moved further in
response to sex ratio manipulation as compared to males (sex x ∆SR, Table Box C.1,
Fig. Box C.2A). We also found that birds fledged in reduced density plots moved fur-
ther than birds fledged in increased density plots (∆D, Table Box C.1, Fig Box C.2A).
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This effect was not sex-specific (sex x ∆D: 0.001±0.006; χ2df1=0.05, P=0.821). The
interaction between the treatments was not significant (not shown).

We did not detect further effects of date (0.079±0.048; χ2df1=2.70, P=0.100),
brood size (original BS: -0.033±0.023; χ2df1=1.97, P=0.160; _BS: 0.002±0.021;
χ2df1=0.01, P=0.920) or time (time: -0.030±0.020; χ2df1=2.29, P=0.130, time2:
0.019±0.015; χ2df1=01.55, P=0.213).
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Table Box C.1 Model summary of hierarchical models for the maximum distance travelled per
month per PIT tagged great tit fledglings (n=37 individuals) in relation to plot density, sex ratio
manipulations and sex (∆=experimental change, D=nestling plot density; SR=nestling plot sex
ratio). 

Parameter level β s.e. (β) χ2df1 P

intercept –3.084 0.083
∆D plot -0.007 0.003 6.47 0.011
∆SR plot 1.815 0.561 10.46 0.001
sex indiv. –0.270 0.091 8.75 0.003
sex x ∆SR indiv. –1.933 0.611 10.2 0.001

random effects σ2plot 0.000 0.011 0.01 0.975
σ2nest 0.058 0.020 8.13 0.004
σ2indiv 0.000 0.000 - -
σ2month 0.028 0.006 25.67 <0.001
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Figure Boc C.2 Maximum distance travelled by PIT tagged great tit fledglings between their nest-
box of origin and one of the feeders during the post-fledging period in relation to the sex ratio
manipulation (change in the proportion of nestling males in a plot) (A) and the density manipula-
tion (change in the number of nestlings in a plot) (B) performed in their fledging plot. Female
fledglings are indicated in black (n=10) and male fledglings in white (n=27). Raw data. 



Number of visited feeders
The number of different feeders visited per month was not affected by the plot
manipulation (original plot density: -0.001±0.002; χ2df1=0.29, P=0.590, ∆D:
0.002±0.006; χ2df1=0.10, P=0.753; original plot SR: 0.071±3.139; χ2df1=0.01,
P=0.948; ∆SR: -0.551±0.578; χ2df1=0.91, P=0.340). We also did not detect further
effects of sex (0.161±0.232; χ2df1=0.48, P=0.488), date (-0.0690±0.120; χ2df1=0.33,
P=0.565), brood size (original BS: 0.009±0.052; χ2df1=0.03, P=0.863; ∆BS:
0.038±0.041; χ2df1=0.88, P=0.348) or time (time: 0.005±0.089; χ2df1=0.01,
P=0.956; time2: 0.007±0.079; χ2df1=001, P=0.933). Interactions among these vari-
ables were not significant (not shown).

Distance to roosting site
The distance to the roosting site for birds that locally survived until the winter was
significantly and positively related to the maximum distance travelled by fledglings
during the last month they were detected (Table Box C.2A; Fig. Box C.3A). This
relation was similar between the sexes (-0.019±0.111; χ2df1=0.03, P=0.865).

Natal dispersal distance
For the birds that did survive until the next breeding season, their natal dispersal dis-
tance was significantly and positively related to the maximum distance travelled by
fledglings during the last month they were detected (Table Box C.2B; Fig. Box
C.3B). Female dispersed further than males but no significant sex interaction was
found (0.360±0.277; χ2df1=1.68, P=0.194).

DISCUSSION

We expected altered social environment to affect the post-fledging movements of
fledgling great tits. Despite a low sample size our pilot study reveal strong effects of
altered density and sex ratio on the distance travelled by young great tits between
August and December. These distances correlated with the distance to the roost in
winter and with the natal dispersal distance. 

We found that females moved further in response to sex ratio manipulation as
compared to males. This effect did not interact with the altered density meaning that
plot sex ratio per se and not the number of males affected female movements. This
suggests that frequency dependent selection affected female movements. This pat-
tern was not generated by sex-specific effects of sex ratio manipulation on fledgling
survival (Michler et al. submitted). Because of their subordinate status, young
females may be outcompeted by males at the feeding tables and thus may be forced
to leave the area. Inter-sexual competition for food in more general may be the
mechanism behind this pattern. Moreover, great tits fledging in high density plots
moved less far than those in low density plots. This pattern may have several
explanations. In high density plots where the majority of brood sizes were enlarged,
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Table Box C.2 Model summary of hierarchical models for the distance travelled by PIT tagged
great tit fledglings since fledging to the roost site in winter (n=15 individuals) (A) or to the next
year breeding site (n=11 individuals) (B) in relation to the maximum distance travelled to a feeder
the last month they were detected.  . 

Parameter level β s.e. (β) χ2df1 P

A. distance to roost
intercept –1.515 0.528
max distance to the feeder indiv. 1.539 0.189 66.65 <0.001

random effects σ2plot 0.072 0.045 2.55 0.110
σ2nest 0.000 0.000 - -
σ2indiv 0.018 0.009 4.05 0.044

B. natal dispersal distance 
intercept 0.954 0.336
max distance to the feeder indiv. 0.857 0.122 49.79 <0.001
sex indiv. –0.327 0.109 8.92 0.003

random effects σ2plot 0.000 0.000 - -
σ2nest 0.000 0.000 - -
σ2indiv 0.025 0.011 5.50 0.019

B

1.8

2.2

2.6

3.0

3.6

lo
g 

di
st

an
ce

 n
es

tb
ox

-r
oo

st
 (

m
)

2.0

females A

2.5 3.0

males

3.5
log max. distance nestbox-feeder (m)

1.8

2.2

2.6

3.0

3.6

lo
g 

na
ta

l d
is

pe
rs

al
 d

is
ta

nc
et

 (
m

)

2.0 2.5 3.0 3.5
log max. distance nestbox-feeder (m)

Figure Boc C.3 Relation between the maximum distance travelled to reach a feeder during the
post-fledging phase (from the nest-box of origin) and the distance travelled to the roosting site in
winter (from the nest-box of origin) (A) and the natal dispersal distance (B). Female fledglings are
indicated in black (n=4 in A. and n=3 in B.) and male fledglings in white (n=11 in A. and n=8 in
B.). Raw data. 



juveniles may be on average in worse condition. This reduced body condition may
subsequently affect their behaviour or their metabolism in terms of reduced flight
performance or reduced energy intake which hampered their mobility (Naef-
Daenzer & Grüebler 2008). However, in our population data did not support this
later hypothesis because natal dispersal distance increased with reduced fledging
mass (Tinbergen 2005). Alternatively, high density plots may have appeared attrac-
tive for young great tits since an increased number of fledglings may be perceived as
high local breeding success (public information) (Doligez et al. 2002). Consequently,
great tits in those areas ma have been more prone to stay and exploit the closest
sources of food. Competition together with the use of public information may be the
mechanisms driving bird dispersal decisions. 

We found that the distance travelled to the feeding tables between August and
December correlated with the distance to the roosting site in December and to the
natal dispersal distance. This confirms our prior expectation that settlement deci-
sions are based on experience during the post-fledging phase. It is also consistent
with behavioural observations showing that males already chose their breeding sites
in early autumn and try to defend it until the next spring (Drent 1984). 

We are aware that using data collected on feeding tables may not be representa-
tive for the behaviour of all birds (e.g. biased towards dominant birds or towards
explorative individuals). Direct observations data at the feeding tables are needed to
interpret these data. Moreover, this study was a pilot and was based on one year and
small sample sizes. More years are thus needed to confirm the observed pattern.
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Photo left: Joost M. Tinbergen




