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Although capture, handling and marking of birds as well as taking samples from them are ubiquitous
and, in most cases, unavoidable procedures in ornithological research, their immediate effects on the
individuals remain largely unstudied. Here, we present data over 3 years from a long-term field study on
the breeding biology of the blue tit. Parents were captured at the nest when feeding 9e11-day-old young.
For all birds, we measured the time of their first visit to the nest after capture and could thus establish
their latency of return to the nest. After capture, parents stayed away a surprisingly long time (average
4.2 h, up to 18 h) and nests were not visited by either parent for a duration that almost never occurred
under natural conditions. Parental return latencies were strongly associated with previous captures.
Birds caught, marked and sampled previously returned on average 4.4 h earlier than new birds. Still these
birds took on average 1.9 h to return. Thus, capture itself can have strong effects on immediate behaviour.
Once the birds returned to the nest, the time between nest visits was similar to that observed before
capture, indicating that birds resumed normal feeding activities. Return latencies of parents and the time
nests were left alone had no long-term effects on offspring or breeding success. We discuss possible
causes of delayed parental return and methodological implications.
© 2015 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Identifying, tracking, conducting behavioural assays or collect-
ing samples from individuals is an integral part of almost every
study of the behaviour of wild animals (Boitani & Fuller, 2000;
Bookhout, 1994; Krebs, 1999). Inevitably, then, individuals undergo
a protocol of capture, handling, marking and often sampling
(CHMS) which may significantly affect them or their offspring. This
is especially true in studies of breeding birds, because these usually
aim to identify parents and therefore adults are caught in or close to
the nest (Kania, 1992).

Two avenues of ornithological research have assessed effects of
CHMS on the individual. First, many studies have examined long-
term fitness consequences of CHMS, i.e. changes in (1) reproduc-
tion (breeding cycle, territory residency, nest desertion, brood size,
fledging success, reproductive success), (2) survival (mortality,
recruitment, return, recapture and resighting rates), (3) condition
(deterioration, injuries, body mass changes, energetic expenditure)
or (4) behaviour (impairment of flight, swimming, migration,
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foraging, display, dominance, mating, communication, recognition)
(Calvo & Furness, 1992; Duarte, 2013; Fair, Paul, & Jones, 2010;
Griesser et al., 2012; Murray & Fuller, 2000; Owen, 2011;
Spotswood et al., 2012). These studies typically aim to understand
whether and to what extent specific CHMS procedures (trapping,
marking, tagging, sampling) may permanently affect individuals,
impact negatively on the study population or bias measurements
relevant to the study.

A second line of research has examined immediate physiological
effects of CHMS (Duarte, 2013, chapters 2e4), in particular
hormonal changes (Romero, 2004; Van Hout, Eens, Darras,
& Pinxten, 2010; Wingfield, Vleck, & Moore, 1992). Indeed, the
‘captureehandlingerestraint’ method has become a standard
technique to study avian stress responses in thewild (Lynn& Porter,
2007). These studies show that CHMS causes a substantial stress
response (e.g. Canoine, Hayden, Rowe,&Goymann, 2002; Romero&
Reed, 2005; Romero & Romero, 2002; Wingfield et al., 1992),
triggering a diversity of changes relevant to bird health and
behaviour (e.g. Culik, Adelung, & Woakes, 1990; Duarte, 2013,
chapter 4;Matson, Tieleman,& Klasing, 2006; VanHout et al., 2010).

Given these results, as well as easily observable distress
behaviour during CHMS (e.g. Duarte, 2013, chapter 2; Laiolo, Banda,
Lemus, Aguirre, & Blanco, 2009), most researchers are well aware
evier Ltd. All rights reserved.
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that birds perceive CHMS as a stressful event (Duarte, 2013; Fair
et al., 2010), but in general regard them as being able to cope
well with CHMS and recover quickly, returning to normal behaviour
(Calvo& Furness,1992). However, studies verifying this assumption
by examining immediate effects of capture on behaviour are limited
both in number and by the sample sizes on which they are based
(Angelier, Weimerskirch, & Chastel, 2010; Ardern, McLean, &
Anderson, 1994; Duarte, 2013, chapters 3, 5; Goymann &
Wingfield, 2004; MacLeod & Gosler, 2006; Nisbet, 1981). Most re-
ports on short-term behavioural changes after CHMS remain
anecdotal (Calvo & Furness, 1992). In addition, few studies have
considered consequences of capture per se on individuals, because
capture is almost always combined with additional handling pro-
cedures, which alter the intactness of the bird's body (marking,
tagging, sampling).

Recent advances in passive integrated transponder (PIT) tech-
nology make it possible to record behaviour of caught individuals
automatically, without disturbance (Bonter & Bridge, 2011). Here,
we used this method to investigate how long blue tits caught at the
nest when feeding young take to return to the nest after CHMS. We
thus inspected the combined consequences of capture, handling,
marking and sampling on the behaviour of parents. The CHMS
methods implemented in our study are standard procedures in
studies of avian breeding biology (Fair et al., 2010) and under-
standing their consequences is important for planning studies and
evaluating data. A second aim of our study was to examinewhether
variation in return latencies reflects biologically relevant informa-
tion in terms of individual repeatability, condition, mating status or
parental investment.

METHODS

We studied a population of blue tits near Landsberg am Lech,
southern Germany (‘Westerholz’, 48�080260N, 10�530290E) in
2010e2012. This analysis is part of a long-term study monitoring
bird activity at nestboxes via registration of birds with transpon-
ders passing through the nest hole. Boxes are permanently equip-
ped with reading devices installed in the front panels, invisible to
the birds. Details and ethical implications are described in Schlicht,
Girg, Lo€es, Valcu, and Kempenaers (2012). Permits were obtained
from the Bavarian government and the Bavarian regional office for
forestry (LWF).

Field Procedures

For the captures that are the focus of this study, adult birds were
caught in the nestboxes when feeding chicks on day 9,10 or 11 after
the first young had hatched by blocking the entrance hole. Capture
time was noted while passing a transponder through the nest hole,
allowing a synchronization of the logger's clock with an external
watch. Birds were carried in a bird bag to a nearby (ca. 100e1000 m
away) parked van, where they were handled. After handling, birds
were brought back to their territory and released, with release time
noted. Retention time was the duration between capture and
release. Previous experience with this species suggests that nest
desertion after capture increases for captures late in the day. For
this reason, birds were never caught after 1500 hours (except in
two cases).

All birds were measured (tarsus, third distal primary), weighed,
sexed and aged following Svensson (1992) as yearling or older. For
birds that had already been caught on a previous occasion (known
birds, N ¼ 106 in our sample), this completed the treatment pro-
tocol. Birds that were unknown (new birds, N ¼ 80 in our sample)
had a blood sample taken (4e10 ml, maximum 15 ml; from the
brachial vein) and received ametal ring, three coloured plastic rings
and a small PIT tag (EM4102 ISO animal tag 134.2 kHz ISO,
8.5 mm � 2.12 mm, 0.067 g), which we inserted under the skin of
the back (Nicolaus, Bouwman, & Dingemanse, 2008). Birds not
caught before, but hatched on the study site (recruits, N ¼ 98 in our
sample), were treated like new birds, but did not receive a metal
ring. If a transponder had been attached at the nestling stage, the
recruit was not tagged again. In addition to this baseline protocol,
further data were collected in each year. In 2010, we took feather
samples (snippets of four upperwing coverts and one proximal
rectrix) from recruits and new birds and a preen gland wax sample
from all birds (Soini et al. 2007). In 2011, all except nine birds
performed a behavioural test (Mutzel et al., 2013). In 2011 and 2012,
sperm samples were taken from 16 and eight males, respectively
(Schmoll & Kleven, 2011). We use the variable ‘capture status’ to
distinguish between known birds, local recruits and new birds. It is
used in a purely descriptive sense and not as a reflection of the
corresponding procedures. Note that the 98 recruits received
different treatments between years, because in 2010 (N ¼ 22 of 22)
and 2011 (N ¼ 16 of 17) recruits had already received a PIT tag as
nestlings, but not in 2012 (N ¼ 1 of 59). Effects of treatments that
were not part of the baseline protocol cannot be separated from
annual variation. Our data set includes seven secondary females of
socially polygynous males. There was no difference in return la-
tency, partial brood mortality or brood failure and results remained
almost identical when they were excluded.

Transponder Data

Return time was established as the first reading of a bird's
transponder number after its release on the territory. Parental re-
turn latency was calculated as the time between release and return
of a captured bird. In addition, we defined the duration of parental
absence at the nest as the time between capture of the last caught
parent and the first return of a parent. Return latencies and absence
durations are thus the measures of interest for the following
analyses.

During the chick-feeding period, parents alternate foraging
trips with visits to the nests. This results in natural periods of
parental absence between visits. For a comparisonwith the absence
durations following capture, we inspected these time gaps between
visits for days 7e16 posthatch (when both parents feed and nest-
lings are not yet in fledging condition), excluding days of capture
and ringing of nestlings as well as overnight gaps. We extracted
time intervals between two consecutive readings of transponders.
Gaps smaller than 2 min were excluded, because they often
represent readings related to the same visit.

Some birds (N ¼ 39) returned only on the day following capture.
For this reason the duration of the night was subtracted from all
return latencies and this is used as adjusted return latency in the
following (giving adjusted absence durations). Duration of the
night was calculated based on the mean duration of natural over-
night gaps (mean ± SE: 8.9 ± 0.001 h; range 7.9e11.0 h; N ¼ 618).
Note that adjustment using the minimum or maximum duration
instead of the mean duration led to almost identical results.

Variables and Tests

We tested the association of return latencies and capture-
induced absence durations with three different types of explana-
tory variables: (1) type A variables are characteristic of the focal
individual, i.e. sex, age, morphometrics (tarsus, third distal primary,
weight, condition), previous breeding experience (yes/no); (2) type
B variables are characteristic of the brood, i.e. brood size (number of
young at capture), laying date (date of first egg; excluded in favour
of brood size, see Appendix 1), presence of extrapair young (yes/
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no), brood morphometrics (average brood tarsus, weight and
condition); (3) type C variables are linked to the handling of birds,
i.e. capture status (known bird, recruit, new bird), retention time,
capture date, capture time, first or second caught bird at a nest.

Note that recruits PIT-tagged as chicks were not further sepa-
rated from recruits PIT-tagged at capture, because the distinction
coincides with annual variation. Instead, year was included as an
explanatory variable in a purely descriptive sense.

Brood and adult conditionwere calculated as the ratio of weight
over tarsus (see Appendix 2). We were able to test for effects of age
and previous breeding experience in conjunction with capture
status, because known birds include those caught in their first
winter (20%).

We also tested whether return latencies or absence durations
had an effect on fitness via breeding success (proportion of young
fledged, duration of the nestling period, probability of brood failure
or partial broodmortality and broodmorphometrics). Note that our
data set does not include failed nests, at which no parental visit was
logged after capture (the absence of data could also be due to
technical error). However, nest desertion following capture is rare
in the population (see also below). Effects of return latencies and of
absence duration on these parameters were almost identical and
therefore only results for parental absence duration are shown.
Brood morphometrics are used both as explanatory and response
variables in association with return latency/absence duration,
because young were measured after adult capture (and may
therefore be affected by parental return latencies), but may also be
representative of the situation of the brood before capture (and
hence influence parental decisions about when to return to the
nest).

CHMS may also affect the parents' nest visit behaviour after
their first return to the nestbox, for example if parents adjust their
level of investment to changes in brood need after their absence or
to changes in their own state resulting from CHMS. Therefore, we
also investigated effects of capture on the duration of naturally
occurring gaps between visits in two ways, based on data from 55
nests (2010: 16; 2011: 22; 2012: 17) where ‘ins’ and ‘outs’ could be
unequivocally assigned (based on light barrier data). First, on the
day of capture, we compared gap durations for visits before capture
with those of visits after both captured parents returned to the nest.
Second, we compared gap durations after return of both parents on
the day of capture with gap durations in the corresponding time
period of the day preceding capture (excluding N ¼ 13 cases where
on that day the other parent had been caught). In addition, we used
seven nests from 2012, for which visit rates were already available
for both parents before capture (because both parents already
carried a transponder). For the visit rates of these nests, we per-
formed the same two comparisons.

Statistical Analyses

Statistical analyses were performed with R 2.15.2 (R
Development Core Team, 2011). We used linear mixed-effects
models (LMEs; Gaussian error structure; package ‘MCMCglmm’;
Hadfield, 2010) with individual identity and nest identity as
random variables. There were significant differences in return la-
tencies/absence durations between years (see below). Therefore,
the 3 years were initially analysed separately. Because the main
results were similar in each year, data were pooled for a common
analysis, taking year differences into account via inclusion as a fixed
factor (see also above). Frequency distributions of return latencies
and absence durations were left-skewed. They were therefore log-
transformed when used as response variables to conform to as-
sumptions of normality and homoscedasdicity (Fig. 1). Continuous
explanatory variables were centred at their respective mean. P
values and estimates were obtained by Markov chain Monte Carlo
simulations (packages ‘MCMCglmm’; ‘languageR’: 100000 itera-
tions; Baayen, 2010). Credibility intervals are highest posterior
density intervals, from which the P values are calculated. For
models with a binomial error structure, 95% confidence intervals
(CI) were calculated by inference from the general linear hypothesis
of the model (package ‘multcomp’; Hothorn, Bretz, & Westfall,
2008). For analysis of naturally occurring gaps between visits we
used generalized linearmixed-effectmodels (GLMMs)with Poisson
error structure (log link function; package ‘lme4’; Bates, Maechler,
& Bolker, 2011). Effects of return latencies on the proportion of
young fledged or the probability of brood failure were modelled
using GLMMs with binomial error structure (logit link function;
package ‘lme4’). We report either estimates followed in parenthe-
ses by their 95% CIs or mean values ± SEs.

Effects of variable types AeC on return latencies and absence
durations were inspected in two ways. First, explanatory variables
were grouped as described above (AeC). For each group separate
models were run and variables with large or significant effects were
retained. The retained variables from all three groups were then
combined in one model (Model 1; see Results), which was further
reduced by stepwise exclusion of nonsignificant variables (Model
2). Second, all explanatory variables were combined in one model
(Model 3), followed again by stepwise exclusion of nonsignificant
terms until only significant terms remained (Model 4). Effect sizes
and significances obtained during these procedures were very
similar. The resultant Models 2 and 4 were identical (see
Appendix 3).

We calculated repeatability of adjusted return latencies (log-
transformed) for individuals present in the data set for more than 1
year (N ¼ 27; 2010 and 2011: 8; 2010 and 2012: 4; 2011 and 2012:
13; 2010, 2011 and 2012: 2) using the package ‘rptR’ (Schielzeth &
Nakagawa, 2011; method ‘REML’, number of bootstrapping runs for
asymptotic calculation of 95% CIs:1000; number of permutations
for asymptotic calculation of P values: 1000). We calculated both
agreement repeatabilities and repeatabilities adjusted for capture
status (Nakagawa & Schielzeth, 2010), because capture status
significantly affected return latencies (see below). Adjusted re-
peatabilities were obtained by mean-centring log-transformed
adjusted return latencies for each capture status.

RESULTS

Descriptive Results

We analysed return data from 284 capture events of 255 in-
dividual birds. The proportion of known birds varied significantly
between years (Appendix 3, Table A1). Birds were released on
their territories on average 30 min after capture (Table 1). Reten-
tion times differed between study years, as expected from the
changes in the protocol between years (preen gland wax sampling,
behavioural test). Retention times were significantly shorter for
known birds than for recruits and new birds (Appendix 3,
Table A2).

Return latencies varied considerably, ranging from 20 min to
18 h when a bird did not return on the same day (night excluded,
see Methods), with an average of 4.2 h (Table 1). Most birds (54%)
took more than 2.5 h to return to their nest. This resulted in an
average period of 2.9 h where both parents were absent from the
nest (range 20 min to 14 h; when parents did not return on the
same day, night excluded). In all models, adjusted return latencies
and absence durations varied significantly between years, which
was not solely a consequence of variation in protocol, but also
related to annual differences in the proportion of known birds
(Appendix 3, Table A2).
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Figure 1. Influence of capture status on return latencies (in min, nights removed). (a)e(c) Data distribution (histogram of relative frequencies, area within bars sums to one). (a)
New birds (N ¼ 80), (b) local recruits (N ¼ 98) and (c) previously caught birds (N ¼ 106). (d) Model estimates (model 1) and their 95% confidence region; note the log-scale on the x-
axis.
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To assess the importance of CHMS in causing long return la-
tencies, we inspected parental return latencies after performing a
nest check (chick age at least 8 days, data from 2012). Based on 219
nest checks from 57 nests, the last visit of a focal parent had
occurred on average 6.6 ± 0.5 min (range 1 se 1.1 h) before the nest
was checked and the next visit of that parent occurred on average
9.0 ± 0.5 min (range 15 s e 1.9 h) after the nest check.
Table 1
Summary statistics for retention time, adjusted return latency1 and adjusted absence du

Variable Year

Retention time3 (min) 2010
2011
2012
Total

Adjusted return latency1,4 (min) 2010
2011
2012
Total

Adjusted absence duration2,5 (min) 2010
2011
2012
Total

1 Return latencies after capture, adjusted to exclude duration of night for birds return
2 Duration that the nestbox was not attended by any parent; adjusted to exclude dur
3 Annual differences: all P < 0.001; see Table A2.
4 Annual differences: all P < 0.05; see also Table A2.
5 Annual differences: all P < 0.01; see also Table A2.
Explaining Variation in Return Latencies

There was no relationship between the return latencies of the
male and female tending the same nest (when controlling for male
and female capture status; effect of male on female return latency:
negligible, P (MCMC) ¼ 0.4; effect of female onmale return latency:
increase of male latency by 2 minwhen female latency is increased
ration2, for blue tits caught in Westerholz

Mean±SE Minimum Maximum

33±2 7 72
38±2 11 84
22±1 7 79
29±1 7 84

231±25 29 1102
173±20 29 1058
310±19 20 997
251±13 20 1102
163±20 29 862
105±10 25 690
217±14 20 874
171±14 20 874

ing on the next day (see Methods).
ation of night for intervals covering the next day (see Methods).
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by 1 h, P (MCMC) ¼ 0.06). None of the variables associated with the
focal individual (A) or brood (B) were linked to return latencies
(Appendix 3, Table A3). Of the variables linked to the handling of
birds (C), only the capture status of the focal bird had an effect: on
average, knownbirds returned only after 1.9 h, but 4.4 h earlier than
new birds and 3.1 h earlier than recruits (Table 2, Fig. 1; effects of
capture date and retention time in the full model became nonsig-
nificant after model simplification: Appendix 3, Tables A3, A4).

Explaining Variation in Absence Durations

Absence durations at the nest were again not linked to indi-
vidual variables (A) of either parent (Table 3, Appendix 3, Table A5).
The analysis of brood variables (B) indicated that larger broods
were left alone for longer (Fig. A1a). Adding one nestling to an
average brood increased absence duration by 8 (3e13) min
(Table 3). Notably, broods with young in good condition were left
alone for longer (Fig. A1b). An average increase in nestling condi-
tion of 0.1 g/mm increased absence duration by 38 (11e70) min
(assuming an average brood size; Table 3). Variables related to
handling (C) were again of highest influence (Table 3, Appendix 3,
Table A6). First, absence durations increased with capture time
(Fig. A1c): delaying capture time from the average to 1 h later in the
day increased absence duration by 9 (5e14) min (Table 3). Most
importantly, the capture status of both parents combined influ-
enced absence durations (Table 3, Fig. 2). When both parents were
new birds, absence durations were on average 7 h (446 ± 46 min,
N ¼ 15); this dropped to 5 h when at least one parent was a recruit
(but neither was known): 317 ± 21 min, N ¼ 53. As soon as one of
the parents was known, absence durations were considerably
shorter (89 ± 6 min, N ¼ 74), because the known parent returned
earlier, in linewith the finding that capture status had the strongest
effect on return latencies of single individuals. However, even in
broods with both parents known, nests were left alone almost 1.5 h
on average (79 ± 5 min, N ¼ 34).

Comparison with Natural Absences

Naturally occurring gaps between visits were generally short
(4.5 ± 0.02 min; range 2 min to 9.5 h; N ¼ 81435; days of capture
and processing of nestlings excluded; Fig. 3, Appendix 3, Fig. A2),
including for the days of capture (4.5 ± 0.09 min; range 2 min to
Table 2
Results of a model explaining variation in return latencies of blue tits after capture

Variable Estim

(Intercept) 4.38
Year 2011 versus 2010 þ0.15
Year 2012 versus 2010 þ0.39

B2 Brood size þ0.00
Mean tarsus length of chick in brood (mm) �0.11
Mean condition of chick in brood (weight in g/tarsus in mm) þ2.26

C2 Capture date (days) þ0.04
Capture time (h) þ0.05
Capture order (second versus first caught bird at nest) �0.1
Retention time (min) þ0.01
Capture status3 (recruit versus known) þ0.32
Capture status (new versus known) þ1.15
Capture status (recruit versus known)4 þ0.34

The table shows the results of a linear mixed-effects model (LME) for adjusted return lat
nest of individual parents in min (night excluded; log-transformed). Identity of focal ind

1 After back-transformation from log-scale, the effect is indicated by a factor (�1 indi
2 Explanatory variables linked to the brood (B) or to handling (C, see Methods).
3 ‘Capture status’ refers to the previous capture and handling experience of the bird (

bird).
4 The comparison between capture status ‘new’ and ‘recruit’ is shown in italics, because

include this comparison (i.e. different intercept).
2.1 h; N ¼ 3270). On the day of capture, natural gaps were 10%
(6e14%) longer after capture than before (difference in means:
0.3 ± 0.05 min; Nafter ¼ 1852; Nbefore ¼ 1418; Appendix 3, Table A7).
This effect was probably due to an increase in duration of parental
absence for the last few nest visits in the evening. Indeed, the dif-
ference in gap duration before and after capture was no longer
present when the last 10 gaps of the capture day were excluded
from the data set (Appendix 3, Table A7). In addition, when
comparing the corresponding time intervals of the day preceding
capture, the effect was present too (12% (7e16%); difference:
0.6 ± 0.07 min; Nafter ¼ 1721; Nbefore ¼ 1434; Table A7). Gaps be-
tween visits were 6% (3 to 10%) shorter after capture than in the
corresponding time interval of the preceding day (difference:
0.3 ± 0.01 min; Table A7).

The comparison of feeding rates for seven nests for which
parental visit data were available before capture also showed no
differences in the visit rates, either between the time intervals
before capture and after return on the capture day or between the
time intervals after return on the capture day and the corre-
sponding time intervals of the previous day (all P > 0.7).

Effects of Parental Absence

Despite large variation in total absence duration at the box, this
variable did not influence the duration of the nestling period, brood
morphometrics, brood condition, fledging success or the proba-
bility of brood failure (all effect sizes negligible, all P values >0.2;
Table 4). Between capture of the parents and the next nest check
(performed 3, 4 or 5 days later for 78% of nests; range 1e10 days) 12
broods failed (two nests checked 2 days later; 10 nests 5 days later).

Repeatability of Absence Duration

Repeatability of return latencies was not significantly different
from zero (r ¼ 0.10 ± 0.13; 95% CI 0e0.42; Pasymptotic ¼ 0.28), even
after adjusting for capture status (r ¼ 0.04 ± 0.13; 95% CI 0e0.42;
Pasymptotic ¼ 0.43).

DISCUSSION

We inspected effects of treatments (CHMS procedures) ubiqui-
tously applied in ornithological field studies (Bonter& Bridge, 2011;
ate (95% CI) Back-transformed estimate1 (95% CI) P (MCMC)

(4.15 to 4.59) 79.85 (63.74 to 98.95) (<0.001)
(�0.15 to 0.46) �1.17 (0.86 to 1.59) 0.33
(0.17 to 0.64) �1.48 (1.18 to 1.90) <0.001
(�0.05 to 0.06) �1.00 (0.95 to 1.06) 0.91
(�0.35 to 0.08) �0.90 (0.70 to 1.09) 0.32
(�0.08 to 4.74) �9.62 (0.92 to 114.76) 0.07
(0.00 to 0.08) �1.04 (1.00 to 1.08) 0.07
(�0.01 to 0.1) �1.05 (0.99 to 1.11) 0.09

(�0.26 to 0.04) �0.91 (0.77 to 1.04) 0.21
(0.00 to 0.01) �1.01 (1.00 to 1.01) 0.07
(0.11 to 0.52) �2.26 (1.87 to 2.73) <0.001
(0.93 to 1.36) �3.12 (2.54 to 3.90) <0.001
(0.14 to 0.53) �1.34 (1.15 to 1.70) 0.002

encies (combined model, Model 1). Response variable is the latency of return to the
ividuals and brood identity were included as random variables.
cates no difference).

‘known’ ¼ bird known from previous captures, ‘recruit’ ¼ local recruit, ‘new’ ¼ new

it was extracted from a model in which the variable ‘capture status’was recoded to



Table 3
Results of a model explaining variation in absence durations of blue tits after capture

Variable Estimate (95% CI) Back-transformed estimate1 (95% CI) P (MCMC)

(Intercept) 4.22 (4.05 to 4.37) 67.87 (57.37 to 79.20) (<0.001)
Year 2011 versus 2010 �0.10 (�0.32 to 0.17) �0.91 (0.72 to 1.19) 0.43
Year 2012 versus 2010 þ0.35 (0.24 to 0.47) �1.43 (1.27 to 1.60) <0.001

B2 Brood size þ0.05 (0.02 to 0.08) �1.05 (1.02 to 1.08) 0.01
Mean tarsus length of chick in brood (mm) �0.04 (�0.19 to 0.10) �0.96 (0.83 to 1.11) 0.55
Mean condition of chick in brood (weight in g/tarsus in mm) þ2.17 (0.72 to 3.70) �8.80 (2.05 to 40.50) 0.004

C2 Capture date (days) þ0.01 (�0.01 to 0.03) �1.01 (0.99 to 1.03) 0.39
Capture time (hour of day) þ0.06 (0.03 to 0.08) �1.06 (1.03 to 1.09) <0.001
Pair capture status3 (1 versus 0) þ0.77 (0.66 to 0.90) �2.16 (1.94 to 2.45) <0.001
Pair capture status (2 versus 0) þ1.63 (1.47 to 1.83) �5.08 (4.33 to 6.26) <0.001
Pair capture status (2 versus 1)4 þ0.86 (0.66 to 1.04) �2.36 (1.93 to 2.84) <0.001

The table shows the results of a model (LME) for adjusted absence duration (combined model, Model 1). Response variable is the total absence duration of both parents at the
nest in min (night excluded; log-transformed). Identity of focal individuals and brood identity were included as random variables.

1 After back-transformation from log-scale, the effect is indicated by a factor (�1 indicates no difference).
2 Explanatory variables linked to the brood (B) or to handling (C, see Methods).
3 ‘Pair capture status’ refers to the joint capture and handling experience of the pair (status 0: at least one of the birds was known from previous captures; status 1: neither of

the birds was known, but at least one was a recruit; status 2: both birds were new).
4 The comparison between pair capture status 2 (both new) and 1 (none known, one or both recruit) is shown in italics, because it was extracted from a model in which the

variable ‘capture status’ was recoded to include this comparison (i.e. different intercept).
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Fair et al., 2010) on the nestbox visit behaviour of blue tits feeding
nestlings. We found that after CHMS parents returned to the nest
only after a surprisingly long time, on average 4.2 h. These absence
durations are much longer than those observed after a simple
disturbance at the nest (checking the nest during the nestling
period). This result highlights that CHMS disturbances may alter
immediate behaviour of individuals for a substantially longer
period than is generally assumed (Calvo & Furness, 1992; Duarte,
2013, chapter 2; Murray & Fuller, 2000).
General Explanations for Long Return Latencies

Although known birds were subjected to a noninvasive protocol,
they showed long return latencies of, on average, 2 h. Most reports
on behaviour after capture are incidental (Murray & Fuller, 2000).
Systematic investigations of behaviours shortly after capture all
point to effects lasting several hours, but have employed a range of
procedures, all using fairly traumatic methods of trapping (Burger
et al., 1995; Frederick, 1986; Nisbet, 1981, 2000; Olsen & Schmidt,



Table 4
Effects of adjusted absence duration (in min, night excluded) on brood traits and breeding success of blue tits

Response variable Estimate (95% CI) P

Duration of nestling period (days between capture and fledging)1 �0.1 � 10�3 (�1.0 � 10�3 to 0.8 � 10�3) 0.79
Brood tarsus (averaged among nestlings, (mm))1 �2.0 � 10�4 (�5.2 � 10�4 to 0.9 � 10�4) 0.20
Brood weight (averaged among nestlings, (g))1 �1.7 � 10�4 (�4.8 � 10�4 to �7.6 � 10�4) 0.58
Brood condition (averaged among nestlings, weight (g)/tarsus (mm))1 �0.4 � 10�5 (�3.2 � 10�5 to 3.1 � 10�5) 0.79
Proportion of nestlings fledged2 0.6 � 10�2 (�0.9 � 10�2 to 2.0 � 10�2) 0.41
Probability of brood failure2 3.9 � 10�3 (�0.8 � 10�3 to 7.0 � 10�3) 0.99

In all models, identity of the focal individual and brood identity were included as random variables.
1 Linear mixed-effects model (LME), with year as fixed effect (details not shown).
2 General linear mixed model (GLMM) with binomial error structure, and with year as fixed effect (details not shown).
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2001). In songbirds, reduced feeder attendance and incubation
effort after capture in mist nets have been reported in two small-
scale studies (Duarte, 2013, chapter 3: N ¼ 32, seven species;
Duarte, 2013, chapter 5:N ¼ 12, six species). In linewith our results,
the second study found that latency to resume incubation was
substantial and varied widely between individuals (mean 104 min,
range 14e319 min) and that levels of incubation went back to
previous levels shortly after (Duarte, 2013, chapter 5). Thus, both
studies provide evidence that the common notion that return la-
tencies after CHMS disturbance during the breeding season are
short, because birds generally quickly resume ‘parental duties’, is
not always correct. At the same time, both studies suggest that,
once returned, birds do resume parental duties in a normal fashion.
However, there are important differences even between closely
related species (Nisbet, 1981) and between different populations of
the same species (Burger et al. 1995). The latter may partially be a
result of local selection across the high interindividual differences
as found in this study, whereby individuals less resilient to human
disturbance are located in populations that are little exposed to it
(Murray & Fuller, 2000). The immediate changes in behaviour after
noninvasive CHMS in our study could be due to disturbance by
humans as such, general and stress recovery or reaction to
perceived predation.

Behavioural consequences of human presence (e.g. visits by
scientists or tourists) have been considered in a number of studies
(Beale & Monaghan, 2004; Culik et al., 1990; Fair et al. 2010; Frid &
Dill, 2002; G€otmark, 1992; Keller, 1995) and reports of negative
impacts are typically from birds that, unlike blue tits, nest in open
habitat and/or in colonies, where exposure to humans and their
potential threat is highest and researchers cannot easily prevent
general disturbancewhile they areworkingwith a particular bird at
the study site (G€otmark, Neergaard, & Åhlund, 1989; Sandvik &
Barrett, 2001; Verboven, Ens, & Dechesne, 2001). It is unlikely
that researcher presence was decisive for the prolonged return
latencies in this study, because birds remained absent when
humans had long left the territory. Absence durations for nests,
even where both parents were known birds, were about 20 times
longer than the natural intervals, and average return latencies were
at least 2 h for all treatment groups, while return latencies after
nest checks were on average 10 min.

Birds may perceive capture as a predation event (Beale &
Monaghan, 2004; Duarte, 2013, chapter 3; Frid & Dill, 2002;
Gosler, 2001; Laiolo et al., 2009; MacLeod & Gosler, 2006; Wilson
& McMahon, 2006) and react by avoiding the location of capture
(the nest), returning only after they have assessed the predation
risk to be reduced again to before-capture levels. This could explain
why normal visiting patterns re-emerge, once parents have
returned.

One of themost important consequences of CHMS is triggering a
general physiological stress response. Based on studies utilizing the
captureehandlingerestraint protocol, CHMS causes a substantial
physiological stress response that can last several hours (Deviche,
Gao, Davies, Sharp, & Dawson, 2012; Le Maho et al., 1992;
Remage-Healey & Romero, 2001). Recovery from stress may be
especially important if CHMS is the perceived predation event
mentioned above. Similarly, pain, irritation or specific physiological
changes induced by the procedures applied to recruits and new
birds may involve or increase a generalized stress response, while
previous capture experience (known birds) or handling by humans
(recruits) may alleviate the stress in the current CHMS event.
Behavioural effects of stress (Sapolsky, Romero, & Munck, 2000)
may have caused a disruption of nest visit behaviour in our study.
However, an experimental study in blue tits (Schlicht, Geurden, &
Kempenaers, n.d.) found no behavioural indicators of stress
(tumultuous flights, hectic, fluffing, squinting, lethargy; Gentle &
Hunter, 1991; Machin, 2005; Woolley & Gentle, 1987), either in
birds subjected to capture, handling, measuring and ringing or in
birds that were additionally sampled for blood and PIT-tagged.

For all birds CHMS represents a harsh interruption of consid-
erable duration (in our study 30 min on average) of their normal
behavioural schedule. After such an event, birds may thus alter
their behaviour to replenish energy (foraging, resting) before
returning to the nestbox. In line with this, birds resumed normal
nest attendance once they had returned. The results from the
experimental study (Schlicht et al., n.d.) also showed a fast initia-
tion of feeding (on average 4 min after release).

Differences Between Treatment Groups

One interesting result of our study is the marked difference in
return latencies (nights removed) between known birds (1.9 h),
recruits (5.0 h) and new birds (6.3 h), and the associated different
absence durations. Although field protocols of many studies involve
capture of previously marked and new birds, differences due to
variation in treatment (only new birds are marked and sampled)
are usually not considered (e.g. MacLeod & Gosler, 2006).

In our study, the procedures of feather clipping (in 2010), blood
sampling, implantation of PIT tags and ringing with colour rings
were applied only to recruits or new birds, and the procedure of
ringing with a metal ring was applied only to new birds. Longer
return latencies in new birds and recruits compared to known birds
may be the result of the physiological changes, pain or irritation
associated with the additional procedures. It is also possible that
known birds represent a subsample of individuals particularly
resilient to CHMS. However, new birds resumed normal visit pat-
terns once they had returned, and breeding success was not
impaired. It is therefore unlikely that the effects of CHMS carry over
to consecutive breeding seasons with more sensitive individuals
not breeding again in the study area.

In this study, the physiological impact of blood sampling (Brown
& Brown, 2009; Fair et al., 2010; Voss, Shutler, & Werner, 2010) is
probably small, given that we usually sampled less than 10% of the
volume that is considered a safe margin (Fair et al., 2010). Symp-
toms indicative of problems associated with the drawing of blood
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(e.g. breathlessness, reduced level of consciousness) were never
observed. Still, mild physiological consequences may have induced
fatigue and reduced physical endurance, prolonging the time until
the bird resumes normal behaviour. Behavioural consequences of
blood sampling have rarely been inspected, but on a day-to-day
basis no effects have been found (Angelier et al., 2010; Ardern
et al., 1994; Frederick, 1986).

Both blood sampling and implantation of PIT tags involve local
skin lesions. These should be too small to affect the physiological
function of the integument. Little is known about the immediate
behavioural consequences of tag implantation in wild birds. No ef-
fects have been found in studies comparing behaviour across days
(Ballard, Ainley, Ribic, & Barton, 2001; Dugger, Ballard, Ainley, &
Barton, 2006;Keiser, Ziegenfus,&Cristol, 2005; Ludynia et al., 2012).

Blood sampling and tag insertion are associated with pain.
Extrapolating from the pain associated with venepuncture in
mammals (Carstens & Moberg, 2000; Gentle, 2011; Machin, 2005),
it would represent a very brief, acute pain event, which is experi-
enced as slight to mild in most cases, occasionally as moderate
(Agarwal, Sinha, Tandon, Dhiraaj, & Singh, 2005; Lavery & Ingram,
2005; Patterson, Hussa, Fedele, Vegh, & Hackman, 2000; Selby &
Bowles, 1995). No such information is available for tag implanta-
tion, but the anatomy (Stettenheim, 2000; Weir & Lunam, 2011),
innervation and central nervous representation of the skin of the
back (Kuenzel, 2007; Wild, Reinke, & Farabaugh, 1997) suggest
relatively low sensitivity. Based on this, we expect the pain asso-
ciated with tag implantation in most cases to be moderate and
always brief. In our study, we never observed pain-related behav-
iour (squinting, fluffing, lethargy; Gentle, 1992, 2011; Machin,
2005) during handling of birds and all birds flew off normally
upon release. In the experimental study on blue tits (Schlicht et al.,
n.d.), changes in respiration rate, expected under pain (Wilson &
McMahon, 2006; Woolley & Gentle, 1987), did not occur during
any procedure, including blood sampling and PIT tagging. No pain-
related behaviours were observed during or following treatment.

Results from a study on roseate terns, Sterna dougallii, and
common terns, Sterna hirundo, showed a drastic increase in bathing
and preening over several hours after capture and ringing for one
species (roseate tern). The additional application of patagial tags
doubled the latency to return to the nest area by common terns
(Nisbet, 1981). It is possible that in the present study bleeding, and
the application of PIT tags and rings, similarly induced skin sani-
tation behaviour to a degree that it substantially delayed foraging
and returning to the nest. In addition, preening and related be-
haviours may last longer in an attempt to remove the newly
attached rings and transponder. Blue tits can reach their leg rings,
but not the site of tag insertion with their beaks. In both cases, it is
possible that their behavioural routine is interrupted repeatedly
due to annoyance associated with the altered sensation of the
epithelium. In the experimental study in blue tits (Schlicht et al.,
n.d.), ring pecking was the primary behavioural alteration after
CHMS, and the results suggested that immediate behavioural ef-
fects of PIT tagging and blood sampling are not more important
than the attachment of rings. Attempts to remove leg rings have
been reported anecdotally for a number of species (Burton, 2001;
Calvo & Furness, 1992; Hill & Talent, 1990; Kosinski, 2004; Lovell,
1948; Ludwig, 1967; Nisbet, 1981; Poulding, 1954; Reese, 1980;
Stedman, 1990; Young, 1941).

Biological Implications

Interestingly, we did not find any long-term effects of CHMS in
terms of breeding success and brood fitness, despite surprisingly
long parental absences. This reveals that 9- or 10-day-old young
seem resilient against fluctuations in food supply. This might be an
adaptation to occasional low feeding rates, for example due to a
longer spell of bad weather (Kunz & Ekman, 2000). When broods
fail after capture, this is usually interpreted as nest desertion, that
is, parents failing to return to the nest after capture. An alternative
explanation is that parents do return, but that their absence has
been too long for the young to survive. In this study, all nestlings of
12 broods (5%) were found dead at the nest check closest following
capture, suggesting that brood failures directly after capture are
rare if parents do return. Note that this estimate is the upper limit,
because we usually performed the next nest check 5 days after
capture (2 days for two nests), so we are unable to determine when
exactly brood failure occurred.

Return latencies were not linked to individual traits, and we
found no evidence of within-individual repeatability. However,
effects of CHMS were not completely unrelated to the biological
background. We found that absences were longer when parents
raised larger broods or broods in better condition. This suggests
that delay in return does not primarily reflect parental ability
(because then the opposite effect would have been predicted,
assuming that brood size and condition are positively related to
parental condition). Instead, parents may delay their return when
they can ‘afford’ it, i.e. when their or their offspring's condition
allows them to ‘catch up’ after longer absences without detrimental
long-term fitness effects.

Methodological Implications

The unexpectedly long return latencies observed in this study as
a result of CHMS are of relevance for the field in two ways. First,
animal welfare considerations should prompt researchers to renew
their effort to improve current CHMS procedures (Cazaux, 2007). A
variety of methods for capture, blood sampling, marking, tagging
and tracking are available with recent novelties and ongoing
technological progress (Bonter & Bridge, 2011; Fair et al., 2010;
Murray & Fuller, 2000; Owen, 2011; Watson, 2012; Wellbrock,
Bauch, Rozman, & Witte, 2012).

Second, our findings of immediate impacts of CHMS provide
valuable information for researchers planning experiments,
compiling data sets and interpreting results. The general occur-
rence of unexpectedly long return latencies shows that even when
manipulations are minimized (e.g. only ringing) capture can have
strong effects on immediate behaviour. On the other hand, even the
most sensitive birds apparently resume parental care normally af-
ter returning to the nest. The design and methods of our long-term
study are widely used in studies of avian behaviour (e.g. García-
Navas & Sanz, 2011; Limbourg, Mateman, & Lessells, 2013; Mahr,
Griggio, Granatiero, & Hoi, 2012). Here, alternatives to capturing
adults on the nests are usually not available, but it is important to
be aware of its short- and long-term impacts. For example, in line
with our previous experience that capture late in the day increased
the probability of brood failure, we found an increase in absence
duration with capture time. It is possible that these instances are
the result of parental absences too long for the young to deal with,
because shortly afterwards they again have to survive the overnight
food deprivation. In general, feeding rates are clearly affected much
more strongly by disturbances than is commonly acknowledged
(e.g. García-Navas & Sanz, 2011; Limbourg et al., 2013; Mahr et al.,
2012).

Our results are also relevant for studies using automated
tracking devices. The findings suggest that collection of meaningful
data cannot start as early as is often assumed. However, automated
data collection also minimizes the number of captures needed to
collect specific types of data. While longer return latencies in re-
cruits and new birds may in part be due to tag implantation, the
long return latencies even in previously caught birds indicate that
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every capture has pronounced short-term effects on the individual.
No damaging consequences of tag implantation on condition, sur-
vival or fitness have been found in numerous studies (Fair et al.,
2010; Nicolaus et al., 2008; Schroeder & Cleasby, 2011), and we
have shown here that birds adopted normal feeding behaviour once
they had returned to the nest, that nestlings could deal well even
with prolonged periods of parental absence, and that no fitness
reductions in terms of nest failure or partial brood mortality were
associated with absence durations. We therefore advocate the use
of automated logging devices, whenever this reduces the number
of times an individual needs to be caught. It is not feasible to study
animal behaviour without impact, but these methods come closest
to virtually disturbance-free data collection.

Conclusion

This study investigated behaviour of wild blue tits immediately
after capture. Our results indicate substantial effects on behaviour
in that birds failed to return to provision the nestlings over a period
of several hours. Methods typically used in ornithological studies
may thus have considerable consequences. These consequences are
difficult to predict, because even closely related species may differ
substantially in their response to capture and handling. In our
study, once the parents returned, they assumed normal behaviour
without further delay, and no long-term effects of parental absence
due to CHMSwere found. While researchers should be aware of the
strong immediate effects they can impose with CHMS on birds, and
of the potential biases induced by differential procedures during
CHMS, the assertion that birds ultimately return to normal
behaviour appears to hold.

Acknowledgments

We thank Agnes Türk for the initial suggestion to conduct this
study. We are grateful to Alexander Girg for genotyping, to Peter
Lo€es and Peter Skripsky for development and maintenance of the
nestbox loggers, to Lotte Schlicht, Agnes Türk and Andrea Witten-
zellner for fieldwork, to Jonas Geurden for discussion and to Angela
Turner for improving the writing. Four anonymous referees pro-
vided comments that greatly improved the manuscript. This work
is funded by the Max Planck Society.

References

Agarwal, A., Sinha, P. K., Tandon, M., Dhiraaj, S., & Singh, U. (2005). Evaluating the
efficacy of the valsalva maneuver on venous cannulation pain: a prospective,
randomized study. Anesthesia and Analgesia, 101(4), 1230e1232.

Angelier, F., Weimerskirch, H., & Chastel, O. (2010). Capture and blood sampling do
not affect foraging behaviour, breeding success and return rate of a large
seabird: the black-browed albatross. Polar Biology, 34(3), 353e361.

Ardern, S., McLean, I., & Anderson, S. (1994). The effects of blood sampling on the
behavior and survival of the endangered Chatham Island black robin (Petroica
traversi). Conservation Biology, 8(3), 857e862.

Baayen, R. H. (2010). languageR: Data sets and functions with ‘Analyzing Linguistic
Data: A practical introduction to statistics’. http://cran.r-project.org/
package¼languageR.

Ballard, G., Ainley, D., Ribic, C., & Barton, K. (2001). Effect of instrument attachment
and other factors on foraging trip duration and nesting success of Ad�elie pen-
guins. Condor, 103(3), 481e490.

Barthelmess, E. (2006). The value of bioelectrical impedance analysis versus con-
dition indices in predicting body fat stores in North American porcupines
(Erethizon dorsatum). Canadian Journal of Zoology, 84(12), 1712e1721.

Bates, D., Maechler, M., & Bolker, B. (2011). lme4: Linear mixed-effects models using S4
classes. http://cran.r-project.org/package¼lme4.

Beale, C. M., & Monaghan, P. (2004). Human disturbance: people as predation-free
predators? Journal of Applied Ecology, 41(2), 335e343.

Boitani, L., & Fuller, T. (Eds.). (2000). Research techniques in animal ecology:
Controversies and consequences. New York, NY: Columbia University Press.

Bonter, D., & Bridge, E. (Eds.). (2011). Applications of radio frequency identification
(RFID) in ornithological research: a review. Journal of Field Ornithology, 82(1),
1e10.
Bookhout, T. A. (Ed.). (1994). Research and management techniques for wildlife and
habitats. Bethesda, MD: The Wildlife Society.

Brown, M. B., & Brown, C. R. (2009). Blood sampling reduces annual survival in Cliff
Swallows (Petrochelidon pyrrhonota). Auk, 126(4), 853e861.

Burger, J., Nisbet, I., Zingo, J., Spendelow, J., Safina, C., & Gochfield, M. (1995). Colony
differences in response to trapping in Roseate Terns. Condor, 97(1), 263e266.

Burton, N. H. K. (2001). Reaction of redshank Tringa totanus to colour rings. Ringing
& Migration, 20(3), 213e215.

Calvo, B., & Furness, R. W. (1992). A review of the use and the effects of marks and
devices on birds. Ringing & Migration, 13(3), 129e151.

Canoine, V., Hayden, T., Rowe, K., & Goymann, W. (2002). The stress response of Eu-
ropean stonechats depends on the typeof stressor.Behaviour,139(10),1303e1311.

Carstens, E., & Moberg, G. P. (2000). Recognizing pain and distress in laboratory
animals. ILAR Journal, 41(2), 62e71.

Cazaux, G. (2007). Labelling animals: non-speciest criminology and techniques to
identify other animals. In P. Beirne, & N. South (Eds.), Issues in Green Crimi-
nology. Confronting harms against environments, humanity and other animals (pp.
87e113). Portland, OR: Willan.

Culik, B., Adelung, D., & Woakes, A. (1990). The effect of disturbance on the heart
rate and behaviour of Ad�elie penguins (Pygoscelis adeliae) during the breeding
season. In K. R. Kerry, & G. Hempel (Eds.), Antarctic ecosystems (pp. 177e182).
Berlin, Germany: Springer.

Decker, K. L., Conway, C. J., & Fontaine, J. J. (2012). Nest predation, food, and female age
explain seasonal declines in clutch size. Evolutionary Ecology, 26(3), 683e699.

Deviche, P., Gao, S., Davies, S., Sharp, P. J., & Dawson, A. (2012). Rapid stress-induced
inhibition of plasma testosterone in free-ranging male rufous-winged sparrows,
Peucaea carpalis: characterization, time course, and recovery. General and
Comparative Endocrinology, 177(1), 1e8.

Duarte, L. M. G. (2013). Impacts of capture and handling on wild birds (Doctoral
thesis). Cardiff, UK: Cardiff University http://orca.cf.ac.uk/58986/.

Dugger, K. M., Ballard, G., Ainley, D. G., & Barton, K. J. (2006). Effects of flipper bands
on foraging behavior and survival of Ad�elie penguins (Pygoscelis adeliae). 123(3),
858e869.

Fair, J., Paul, E., & Jones, J. (2010). Guidelines to the use of wild birds in research.
Washington, D.C.: Ornithological Council. http://www.ru.ac.za/media/
Guidelines for the use of birds in research.pdf.

Frederick, P. (1986). Parental desertion of nestlings by white ibis (Eudocimus albus)
in response to muscle biopsy. Journal of Field Ornithology, 57(2), 168e170.

Frid, A., & Dill, L. (2002). Human-caused disturbance stimuli as a form of predation
risk. Conservation Ecology, 6(1), 11.

Furrer, R., Nychka, D., & Sain, S. (2013). fields: Tools for spatial data. http://cran.r-
project.org/package¼fields.

García-Navas, V., & Sanz, J. J. (2011). Seasonal decline in provisioning effort and
nestling mass of Blue Tits Cyanistes caeruleus: experimental support for the
parent quality hypothesis. Ibis, 153(1), 59e69.

Gentle, M. J. (1992). Pain in birds. Animal Welfare, 1, 235e247.
Gentle, M. J. (2011). Pain issues in poultry. Applied Animal Behaviour Science, 135(3),

252e258.
Gentle, M. J., & Hunter, L. (1991). Physiological and behavioural responses associated

with feather removal in Gallus gallus var. domesticus. Research in Veterinary
Science, 50(1), 95e101.

Gosler, A. (2001). The effects of trapping on the perception, and trade-off, of risks in
the Great Tit Parus major. Ardea, 89(1), 75e84.

G€otmark, F. (1992). The effects of investigator disturbance on nesting birds. Current
Ornithology, 9, 63e104.

G€otmark, F., Neergaard, R., & Åhlund, M. (1989). Nesting ecology and management
of the arctic loon in Sweden. Journal of Wildlife Management, 53(4), 1025e1031.

Goymann, W., & Wingfield, J. C. (2004). Competing females and caring males. Sex
steroids in African black coucals, Centropus grillii. Animal Behaviour, 68(4),
733e740.

Green, A. (2001). Mass/length residuals: measures of body condition or generators
of spurious results? Ecology, 82(5), 1473e1483.

Griesser, M., Schneider, N. A., Collis, M.-A., Overs, A., Guppy, M., Guppy, S., et al.
(2012). Causes of ring-related leg injuries in birds e evidence and recom-
mendations from four field studies. PLoS One, 7(12), e51891.

Hadfield, J. (2010). MCMC methods for multi-response generalized linear mixed
models: the MCMCglmm R package. Journal of Statistical Software, 33(2), 1e22.

Hill, L. A., & Talent, L. G. (1990). Effects of capture, handling, banding, and radio-
marking on breeding least terns and Snowy Plovers. Journal of Field Ornithol-
ogy, 61(3), 310e319.

Hothorn, T., Bretz, F., & Westfall, P. (2008). Simultaneous inference in general
parametric models. Biometrical Journal, 50(3), 346e363.

Jakob, E., Marshall, S., & Uetz, G. (1996). Estimating fitness: a comparison of body
condition indices. Oikos, 77, 61e67.

Kania, W. (1992). Safety of catching adult European birds at the nest. Ringers'
opinions. Ring, 14(1e2), 5e50.

Keiser, J. T., Ziegenfus, C. W. S., & Cristol, D. A. (2005). Homing success of migrant
versus nonmigrant dark-eyed Juncos (Junco hyemalis). Auk, 122(2), 608e617.

Keller, V. (1995). Auswirkungen menschlicher St€orungen auf V€ogel-eine Literatur-
übersicht. Der Ornithologische Beobachter, 92(1), 3e38.

Kosinski, Z. (2004). The removal of colour rings by Greenfinches Carduelis chloris.
Ringing & Migration, 22(1), 4e6.

Krebs, C. J. (1999). Ecological methodology. Benjamin/Cummings: Menlo Park, CA.
Kuenzel, W. (2007). Neurobiological basis of sensory perception: welfare implica-

tions of beak trimming. Poultry Science, 86(6), 1273e1282.

http://refhub.elsevier.com/S0003-3472(15)00147-5/sref1
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref1
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref1
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref1
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref2
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref2
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref2
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref2
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref3
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref3
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref3
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref3
http://cran.r-project.org/package=languageR
http://cran.r-project.org/package=languageR
http://cran.r-project.org/package=languageR
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref5
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref5
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref5
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref5
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref5
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref6
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref6
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref6
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref6
http://cran.r-project.org/package=lme4
http://cran.r-project.org/package=lme4
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref8
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref8
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref8
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref9
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref9
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref10
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref10
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref10
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref10
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref11
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref11
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref12
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref12
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref12
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref13
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref13
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref13
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref14
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref14
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref14
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref15
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref15
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref15
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref15
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref16
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref16
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref16
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref17
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref17
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref17
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref18
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref18
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref18
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref18
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref18
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref19
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref19
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref19
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref19
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref19
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref19
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref20
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref20
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref20
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref21
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref21
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref21
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref21
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref21
http://orca.cf.ac.uk/58986/
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref23
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref23
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref23
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref23
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref23
http://www.ru.ac.za/media/Guidelines%20for%20the%20use%20of%20birds%20in%20research.pdf
http://www.ru.ac.za/media/Guidelines%20for%20the%20use%20of%20birds%20in%20research.pdf
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref25
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref25
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref25
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref26
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref26
http://cran.r-project.org/package=fields
http://cran.r-project.org/package=fields
http://cran.r-project.org/package=fields
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref28
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref28
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref28
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref28
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref29
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref29
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref30
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref30
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref30
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref31
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref31
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref31
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref31
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref32
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref32
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref32
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref33
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref33
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref33
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref33
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref34
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref34
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref34
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref34
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref35
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref35
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref35
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref35
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref36
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref36
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref36
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref37
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref37
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref37
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref37
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref38
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref38
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref38
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref39
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref39
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref39
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref39
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref40
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref40
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref40
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref41
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref41
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref41
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref42
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref42
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref42
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref42
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref43
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref43
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref43
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref44
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref44
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref44
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref44
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref44
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref45
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref45
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref45
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref45
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref102
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref46
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref46
http://refhub.elsevier.com/S0003-3472(15)00147-5/sref46


E. Schlicht, B. Kempenaers / Animal Behaviour 105 (2015) 63e78 73
Kunz, C., & Ekman, J. (2000). Genetic and environmental components of growth in
nestling blue tits (Parus caeruleus). Journal of Evolutionary Biology,13(2),199e212.

Labocha, M. K., Schutz, H., & Hayes, J. P. (2014). Which body condition index is best?
Oikos, 123(1), 111e119.

Laiolo, P., Banda, E., Lemus, J. A., Aguirre, J. I., & Blanco, G. (2009). Behaviour and
stress response during capture and handling of the red-billed chough Pyr-
rhocorax pyrrhocorax (Aves: Corvidae). Biological Journal of the Linnean Society,
96(4), 846e855.

Lavery, I., & Ingram, P. (2005). Venepuncture: best practice. Nursing Standard,
19(49), 55e65.

Le Maho, Y., Karmann, H., Handrich, Y., Robin, J. P., Mioskowski, E., Cherel, Y., et al.
(1992). Stress in birds due to routine handling and a technique to avoid it.
American Journal of Physiology e Regulatory, Integrative and Comparative Physi-
ology, 263, R775eR781.

Limbourg, T., Mateman, A. C., & Lessells, C. M. (2013). Parental care and UV color-
ation in blue tits: opposite correlations in males and females between provi-
sioning rate and mate's coloration. Journal of Avian Biology, 44(1), 17e26.

Lovell, H. B. (1948). The removal of bands by cardinals. Bird-Banding, 19(2), 71e72.
Ludwig, J. P. (1967). Band loss e its effect on banding data and apparent survivor-

ship in the Ring-billed Gull population of the Great Lakes. Bird-Banding, 38(4),
309e323.

Ludynia, K., Dehnhard, N., Poisbleau, M., Demongin, L., Masello, J. F., & Quillfeldt, P.
(2012). Evaluating the impact of handling and logger attachment on foraging pa-
rameters andphysiology in southern rockhopperpenguins.PLoSOne, 7(11), e50429.

Lynn, S. E., & Porter, A. J. (2007). Trapping initiates stress response in breeding and
non-breeding house sparrows Passer domesticus: implications for using un-
monitored traps in field studies. Journal of Avian Biology, 39(1), 87e94.

Machin, K. (2005). Avian pain: physiology and evaluation. Compendium on
Continuing Education for the Practising Veterinarian, 27(2), 98e109.

MacLeod, R., & Gosler, A. G. (2006). Capture and mass change: perceived predation
risk or interrupted foraging? Animal Behaviour, 71(5), 1081e1087.

Mahr, K., Griggio, M., Granatiero, M., & Hoi, H. (2012). Female attractiveness affects
paternal investment: experimental evidence for male differential allocation in
blue tits. Frontiers in Zoology, 9(1), 14.

Matson, K., Tieleman, B., & Klasing, K. (2006). Capture stress and the bactericidal
competence of blood and plasma in five species of tropical birds. Physiological
and Biochemical Zoology, 79(3), 556e564.

Murray, D., & Fuller, M. (2000). A critical review of the effects of marking on the
biology of vertebrates. In L. Boitani, & T. K. Fuller (Eds.), Research techniques in
animal ecology. Controversies and consequences (pp. 15e64). New York, NY:
Columbia University Press.

Mutzel, A., Dingemanse, N. J., Araya-Ajoy, Y. G., & Kempenaers, B. (2013). Parental
provisioning behaviour plays a key role in linking personality with reproductive
success.Proceedingsof theRoyal SocietyB: Biological Sciences, 280(1764), 20131019.

Nakagawa, S., & Schielzeth, H. (2010). Repeatability for Gaussian and non-Gaussian
data: a practical guide for biologists. Biological Reviews of the Cambridge Phil-
osophical Society, 85(4), 935e956.

Nicolaus, M., Bouwman, K., & Dingemanse, N. (2008). Effect of PIT tags on the
survival and recruitment of Great Tits Parus major. Ardea, 96(2), 286e292.

Nisbet, I. (1981). Behavior of common and roseate terns after trapping. Colonial
Waterbirds, 4, 44e46.

Nisbet, I. (2000). Disturbance, habituation, and management of waterbird colonies.
Waterbirds, 23(2), 312e332.

Olsen, H., & Schmidt, N. M. (2001). The impact of trapping and handling activities
on the breeding performance of Hooded Crows Corvus corone cornix. Ringing &
Migration, 20(4), 377e380.

Owen, J. C. (2011). Collecting, processing, and storing avian blood: a review. Journal
of Field Ornithology, 82(4), 339e354.

Patterson, P., Hussa, A. A., Fedele, K. A., Vegh, G. L., & Hackman, C. M. (2000).
Comparison of 4 analgesic agents for venipuncture. AANA Journal, 68(1), 43e51.

Pitt, J., Larivi�ere, S., & Messier, F. (2006). Condition indices and bioelectrical
impedance analysis to predict body condition of small carnivores. Journal of
Mammalogy, 87(4), 717e722.

Poulding, R. H. (1954). Loss of rings bymarked Heering Gulls. Bird Study, 1(2), 37e40.
R Development Core Team. (2011). R: A language and environment for statistical

computing. Vienna, Austria: R Foundation for Statistical Computing. http://
www.r-project.org/.

Reese, K. (1980). The retention of colored plastic leg bands by Black-billed Magpies.
North American Bird Bander, 5(4), 136e137.

Remage-Healey, L., & Romero, L. (2001). Corticosterone and insulin interact to
regulate glucose and triglyceride levels during stress in a bird. American Journal
of Physiology e Regulatory, Integrative and Comparative Physiology, 281(3),
R994eR1003.

Romero, L. M. (2004). Physiological stress in ecology: lessons from biomedical
research. Trends in Ecology & Evolution, 19(5), 249e255.

Romero, L. M., & Reed, J. M. (2005). Collecting baseline corticosterone samples in
the field: is under 3 min good enough? Comparative Biochemistry and Physi-
ology. Part A, Molecular & Integrative Physiology, 140(1), 73e79.

Romero, L. M., & Romero, R. (2002). Corticosterone responses in wild birds: the
importance of rapid initial sampling. Condor, 104(1), 129e135.

Sandvik, H., & Barrett, R. (2001). Effect of investigator disturbance on the breeding
success of the black-legged kittiwake. Journal of Field Ornithology, 72(1), 30e42.

Sapolsky, R., Romero, L., & Munck, A. (2000). How do glucocorticoids influence
stress responses? Integrating permissive, suppressive, stimulatory, and pre-
parative actions. Endocrine Reviews, 21(1), 55e89.
Schielzeth, H., & Nakagawa, S. (2011). rptR: Repeatability for Gaussian and non-
Gaussian data. http://r-forge.r-project.org/projects/rptr/.

Schlicht, E., Geurden, J., & Kempenaers, B. (n.d.). [Experimental assessment of im-
mediate impact of ringing, blood sampling, and tag implantation on behavior of
blue tits (Cyanistes caeruleus)]. Unpublished raw data.

Schlicht, L., Girg, A., Lo€es, P., Valcu, M., & Kempenaers, B. (2012). Male extrapair
nestlings fledge first. Animal Behaviour, 83(6), 1335e1343.

Schmoll, T., & Kleven, O. (2011). Sperm dimensions differ between two Coal Tit
Periparus ater populations. Journal of Ornithology, 152(3), 515e520.

Schroeder, J., & Cleasby, I. (2011). No evidence for adverse effects on fitness of fitting
passive integrated transponders (PITs) in wild house sparrows Passer domes-
ticus. Journal of Avian Biology, 42(3), 271e275.

Schulte-Hostedde, A., Zinner, B., Millar, J., & Hickling, G. (2005). Restitution of mass-
size residuals: validating body condition indices. Ecology, 86(1), 155e163.

Selby, I. R., & Bowles, B. J. (1995). Analgesia for venous cannulation: a comparison of
EMLA (5 minutes application), lignocaine, ethyl chloride, and nothing. Journal of
the Royal Society of Medicine, 88(5), 264e267.

Soini, H. A., Schrock, S. E., Bruce, K. E., Wiesler, D., Ketterson, E. D., & Novotny, M. V.
(2007). Seasonal variation in volatile compound profiles of preen gland secre-
tions of the dark-eyed junco (Junco hyemalis). Journal of Chemical Ecology, 33(1),
183e198.

Spotswood, E. N., Goodman, K. R., Carlisle, J., Cormier, R. L., Humple, D. L.,
Rousseau, J., et al. (2012). How safe is mist netting? Evaluating the risk of injury
and mortality to birds. Methods in Ecology and Evolution, 3(1), 29e38.

Stedman, S. (1990). Band opening and removal by House Finches. North American
Bird Bander, 15(4), 136e138.

Stettenheim, P. (2000). The integumentary morphology of modern birdsdan
overview. American Zoologist, 40(4), 461e477.

Svensson, L. (1992). Identification guide to European passerines. Stockholm, Sweden:
Fingraf.

Van Hout, A. J.-M., Eens, M., Darras, V. M., & Pinxten, R. (2010). Acute stress induces
a rapid increase of testosterone in a songbird: implications for plasma testos-
terone sampling. General and Comparative Endocrinology, 168(3), 505e510.

Verboven, N., Ens, B. J., & Dechesne, S. (2001). Effect of investigator disturbance on
nest attendance and egg predation in Eurasian Oystercatchers. Auk, 118(2),
503e508.

Voss, M., Shutler, D., & Werner, J. (2010). A hard look at blood sampling of birds. Auk,
127(3), 704e708.

Watson, M. J. (2012). A blood sampling technique for prehatched chicks. Journal of
Field Ornithology, 83(4), 407e411.

Weir, K., & Lunam, C. (2011). The structure and sensory innervation of the integu-
ment of ratites. In P. Glatz, C. Lunam, & I. Malecki (Eds.), The welfare of farmed
ratites (pp. 131e145). Berlin, Germany: Springer.

Wellbrock, A. H. J., Bauch, C., Rozman, J., & Witte, K. (2012). Buccal swabs as a
reliable source of DNA for sexing young and adult Common Swifts (Apus apus).
Journal of Ornithology, 153(3), 991e994.

Wild, J. M., Reinke, H., & Farabaugh, S. M. (1997). A non-thalamic pathway con-
tributes to a whole body map in the brain of the budgerigar. Brain Research,
755(1), 137e141.

Wilson, R., & McMahon, C. (2006). Measuring devices on wild animals: what con-
stitutes acceptable practice? Frontiers in Ecology and the Environment, 4(3),
147e154.

Wingfield, J. C., Vleck, C. M., & Moore, M. C. (1992). Seasonal changes of the adre-
nocortical response to stress in birds of the Sonoran Desert. Journal of Experi-
mental Zoology, 264(4), 419e428.

Woolley, S., & Gentle, M. J. (1987). Physiological and behavioural responses in the
hen (Gallus domesticus) to nociceptive stimulation. Comparative Biochemistry
and Physiology, 88A(I), 27e31.

Young, J. (1941). Unusual behavior of a banded Cardinal. Wilson Bulletin, 53(3),
197e198.

APPENDIX 1

Brood size refers to the number of young at the time of capture
and laying date to the date on which the first egg of the clutch was
laid. As is often the case (Decker, Conway, & Fontaine, 2012), these
variables were strongly correlated, such that broods with an early
lay date were larger (change in number of young per day
delay:�0.19 (�0.24 to �0.14), P < 0.001; linear mixed-effect model
with identity of parent and nestbox as random factors and year as
covariate). Initially we inspected effects of both variables separately
and in conjunction and found no additional explanatory effect by
one variable over the other or in combination. We also replaced
brood size with clutch size and with number of young fledged in all
analyses and results did not change qualitatively. The same was
true for using hatching or fledging date instead of lay date. We
therefore only included brood size in all consecutive analyses,
because it seems biologically most relevant for the situation at
capture.
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APPENDIX 2

Condition was calculated as the ratio of weight over tarsus
(Barthelmess, 2006; Labocha, Schutz, & Hayes, 2014; Pitt, Larivi�ere,
& Messier, 2006). There was no evidence that weightetarsus
allometry influenced condition estimates: fitting a curve to the
weight over tarsus via a cubic smoothing spline (R-package ‘fields’;
Furrer, Nychka, & Sain, 2013) resulted in a straight line; no trans-
formation of variables was necessary to meet assumptions of ho-
Appendix 3

Table A1
Annual sample sizes for individual blue tits, divided by sex, age (yearling or older), bree

2010

Number of birds 80
Males 42
Yearlings 48
Previous breeders 19
Capture status: ‘known’ 27
Capture status: ‘recruit’ 22
Capture status: ‘new’ 31
Ratio capture status (‘known’):(‘uncaught’) 0.5

Some birds were caught in more than 1 year (2010 and 2011: N ¼ 8; 2010 and 2012: N ¼
given in parentheses). ‘Capture status’ refers to the previous capture and handling exp
recruit, ‘new’ ¼ new bird). The status ‘uncaught’ refers to local recruits and new birds com
years (all c2 > 153, all P < 0.001).

Table A2
Effects of capture status on retention time, return latencies and absence durations

Variable

Retention time explained by capture status1

(Intercept)
Capture status1 (‘k
(‘uncaught’)
Year

Return latency explained by ratio capture status2

(Intercept)
Ratio capture statu
(‘known’):(‘uncaug

Absence duration explained by ratio capture status3

(Intercept)
Ratio capture statu
(‘known’):(‘uncaug

The table shows the influence of capture status1 on retention time (min; note that the ye
less influential) and of annual variation in proportion of known birds (ratio capture statu
min, log-transformed). All models are LMEs where the identity of the focal individual an

1 Capture status: ‘known’ ¼ bird caught previously; ‘recruit’ ¼ bird hatched on study si
birds.

2 Return latencies after capture, adjusted to exclude duration of night for birds return
3 Duration of time that the nestbox was not attended by any parent; adjusted to excl
4 The comparison between years 2011 and 2012 is shown in italics, because it was

comparison (i.e. different intercept).
mogeneity of variance and normality in the Model 1 (ordinary least
squares) regression of weight over tarsus (Jakob, Marshall, & Uetz,
1996). The two body size measurements taken, primary length and
tarsus, led to similar results, indicating that variation in tarsus
length reflects structural size (Green, 2001). Using residuals of
either Model 1 (Schulte-Hostedde, Zinner, Millar, & Hickling, 2005)
or Model 2 (here: ranged and standard major axis; Green, 2001)
regression instead of ratios did not affect results qualitatively
(Pearson's r between ratio and both residual measurements >0.92).
ding experience on the study site and capture status

2011 2012 Total

77 127 284 (255)
38 62 142 (128)
23 84 155 (155)
43 26 88 (77)
46 33 106 (92 individuals)
17 59 98
14 35 80
1.5 0.4 0.6

4; 2011 and 2012 N ¼ 13; 2010, 2011 and 2012: N ¼ 2; number of unique individuals
erience of the bird (‘known’ ¼ bird known from previous captures, ‘recruit’ ¼ local
bined. The proportion of uncaught birds varied significantly between all three study

Estimate (95% CI) P (MCMC)

35.26 (32.24 to 38.88) (<0.001)
nown’) versus �4.00 (�6.54 to �1.11) 0.006

2011 versus 2010 6.00 (3.26 to 10.50) <0.001
2012 versus 2010 �10.96 (�14.41 to �7.60) <0.001
2012 versus 20114 �18.15 (�21.13 to �15.20) <0.001

5.53 (5.34 to 5.71) (<0.001)
s
ht’)

�0.49 (�0.70 to �0.30) <0.001

5.12 (5.00 to 5.33) (<0.001)
s
ht’)

�0.45 (�0.60 to �0.27) <0.001

ar effects mainly come about by annual variation in protocol, while capture status is
s, see Table A1) on adjusted return latencies2 and adjusted absence durations3 (both
d brood identity were included as random variables.
te and not caught previously; ‘new’ ¼ unknown bird; ‘uncaught’ ¼ recruits and new

ing on the next day (see Methods).
ude duration of night for intervals covering the next day (see Methods).
extracted from a model in which the variable ‘year’ was recoded to include this
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Table A3
Results of full model (LME) for adjusted return latencies (Model 3)

Variable Estim

(Intercept) 4.46
Year 2011 versus 2010 þ0.1
Year 2012 versus 2010 þ0.4

A2 Sex (female versus male) þ0.0
Age (older versus yearling) �0.1
Tarsus (mm) þ0.0
Weight (g) �0.0
Recruit (yes versus no) �0.0
Previous breeding experience (yes versus no) þ0.0

B2 Brood size þ0.0
Brood contains extrapair young (yes versus no) þ0.0
Mean tarsus length of chick in brood (mm) �0.1
Mean condition of chick in brood (weight in g/tarsus in mm) þ1.9

C2 Capture date (days) þ0.0
Capture time (h) þ0.0
Capture order (second versus first caught bird at nest) �0.0
Retention time (min) þ0.0
Capture status3 (recruit versus new) þ0.7
Capture status (known versus new) þ1.0
Capture status (known versus recruit)4 þ0.31

Response variable is the latency of return to the nest of individual parents in min (nigh
included as random variables.

1 After back-transformation from log-scale, the effect is indicated by a factor (�1 indi
2 Explanatory variables linked to the focal individual (A), to the brood (B) and to hand
3 ‘Capture status’ refers to the previous capture andhandling experience of the bird (‘kno
4 The comparison between capture status ‘new’ and ‘recruit’ is shown in italics, because

include this comparison (i.e. different intercept).

Table A4
Results of reduced combined model (LME) for adjusted return latencies (Model 2), ident

Variable Estimate (95% C

(Intercept) 4.39 (4.21 to 4.5
Year 2011 versus 2010 þ0.04 (�0.18 to
Year 2012 versus 2010 þ0.37 (0.17 to 0

C2 Capture status3 (recruit versus known) þ0.83 (0.64 to 1
Capture status (new versus known) þ1.19 (0.99 to 1
Capture status (new versus recruit)4 þ0.35 (0.15 to 0.

Response variable is the latency of return to the nest of individual parents in min (nigh
included as random variables.

1 After back-transformation from log-scale, the effect is indicated by a factor (�1 indi
2 Explanatory variables linked to handling (see Methods).
3 ‘Capture status’ refers to the previous capture andhandling experience of the bird (‘kno
4 The comparison between capture status 2 (new bird) and 1 (recruit) is shown in itali

recoded to include this comparison (i.e. different intercept).
ate (95% CI) Back-transformed estimate1 (95% CI) P (MCMC)

(4.03 to 4.89) 86.08 (56.52 to 133.13) <0.001
7 (�0.18 to 0.54) �1.19 (0.83 to 1.71) 0.36
1 (0.15 to 0.67) �1.51 (1.17 to 1.96) <0.001
5 (�0.14 to 0.24) �1.05 (0.87 to 1.27) 0.63
4 (�0.40 to 0.13) �0.87 (0.67 to 1.14) 0.31
4 (�0.14 to 0.20) �1.04 (0.87 to 1.23) 0.65
6 (�0.22 to 0.13) �0.94 (0.81 to 1.13) 0.50
5 (�0.33 to 0.26) �0.95 (0.72 to 1.30) 0.73
0 (�0.39 to 0.40) �1.00 (0.68 to 1.50) 0.97
0 (�0.05 to 0.05) �1.00 (0.95 to 1.05) 0.89
8 (�0.08 to 0.26) �1.09 (0.93 to 1.29) 0.31
2 (�0.33 to 0.10) �0.89 (0.72 to 1.10) 0.29
9 (�0.42 to 4.42) �7.35 (0.66 to 83.02) 0.11
4 (0.00 to 0.08) �1.04 (1.00 to 1.08) 0.03
5 (�0.01 to 0.11) �1.05 (0.99 to 1.11) 0.09
8 (�0.28 to 0.08) �0.92 (0.76 to 1.08) 0.37
1 (0.00 to 0.02) �1.01 (1.00 to 1.02) 0.02
0 (0.27 to 1.15) �2.02 (1.32 to 3.15) <0.001
2 (0.65 to 1.43) �2.78 (1.91 to 4.18) <0.001
(�0.03 to 0.67) �1.37 (0.97 to 1.95) 0.08

t excluded; log-transformed). Identity of focal individuals and brood identity were

cates no difference).
ling (C, see Methods).
wn’ ¼ bird known fromprevious captures, ‘recruit’ ¼ local recruit, ‘new’ ¼ newbird).
it was extracted from a model in which the variable ‘capture status’was recoded to
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.01) �2.30 (1.89 to 2.75) <0.001
.38) �3.28 (2.69 to 3.97) <0.001
55) �1.43 (1.16 to 1.74) <0.001

t excluded; log-transformed). Identity of focal individuals and brood identity were

cates no difference).

wn’ ¼ bird known fromprevious captures, ‘recruit’ ¼ local recruit, ‘new’ ¼ newbird).
cs, because it was extracted from a model in which the variable ‘capture status’ was



Table A6
Results of reduced combined model (LME) for adjusted absence durations (Model 2), identical to reduced full model (Model 4)

Variable Estimate (95% CI) Back-transformed estimate1 (95% CI) P (MCMC)

(Intercept) 4.27 (4.11 to 4.42) 71.82 (61.11 to 82.94) (<0.001)
Year 2011 versus 2010 �0.18 (�0.35 to �0.03) �0.84 (0.70 to 0.97) 0.04
Year 2012 versus 2010 þ0.33 (0.23 to 0.47) �1.40 (1.26 to 1.59) <0.001

B2 Brood size þ0.04 (0.01 to 0.07) �1.04 (1.01 to 1.08) 0.01
Mean condition of chick in brood (weight in g/tarsus in mm) þ1.74 (0.33 to 3.27) �5.69 (1.39 to 26.24) 0.02

C2 Capture time (h) þ0.06 (0.03 to 0.08) �1.06 (1.03 to 1.09) <0.001
Pair capture status3 (1 versus 0) þ0.74 (0.61 to 0.85) �2.09 (1.85 to 2.33) <0.001
Pair capture status (2 versus 0) þ1.66 (1.48 to 1.84) �5.27 (4.40 to 6.28) <0.001
Pair capture status (2 versus 1)4 þ0.93 (0.74 to 1.11) �2.52 (2.11 to 3.02) <0.001

Response variable is the total absence duration of both parents at the nest in min (night excluded; log-transformed). Identity of focal individuals and brood identity were
included as random variables.

1 After back-transformation from log-scale, the effect is indicated by a factor (�1 indicates no difference).
2 Explanatory variables linked to the brood (B) and to handling (C, see Methods).
3 ‘Pair capture status’ refers to the joint capture and handling experience of the pair (status 0: at least one of the birds was known from previous captures; status 1: none of

the birds were known, but at least one was a recruit; status 2: both birds were new).
4 The comparison between pair capture status 2 (both birds new) and 1 (at least one recruit, none known) is shown in italics, because it was extracted from amodel in which

the variable ‘pair capture status’ was recoded to include this comparison (i.e. different intercept).

Table A7
Effect of capture on duration of natural occurring gaps between nest visits (min)

Variable Estimate (95% CI) Back-transformed estimate1 (95% CI) P

Day of capture (Intercept) 1.46 (1.15 to 1.76) 4.29 (3.17 to 5.80) (<0.001)
After versus before capture þ0.10 (0.06 to 0.13) �1.10 (1.06 to 1.14) <0.001

Day of capture (last visits excluded) (Intercept) 1.45 (1.34 to 1.55) 4.25 (3.83 to 4.72) (<0.001)
After versus before capture þ0.01 (�0.04 to 0.0) �1.01 (0.96 to 1.05) 0.69

Day preceding capture (Intercept) 1.48 (1.31 to 1.65) 4.39 (3.71 to 5.19) (<0.001)
‘After’ versus ‘before’ interval corresponding to capture þ0.11 (0.07 to 0.15) �1.12 (1.07 to 1.16) <0.001

‘After’ time interval on both days (Intercept) 1.61 (1.34 to 1.89) 5.00 (3.80 to 6.59) (<0.001)
Capture day versus previous day �0.62 (�2.66 to �0.11) �0.94 (0.90 to 0.07) <0.001

Comparison of gaps before and after capture on the capture day for all visits and excluding the last 10 gaps of the capture day, in corresponding intervals on the day preceding
capture and on the capture day after capture and in the corresponding time interval of the preceding day. GLMMswith Poisson error structure. Identity of focal brood and year
were included as random variables.

1 After back-transformation from log-scale, the effect is indicated by a factor (�1 indicates no difference).

Table A5
Results of full model (LME) for adjusted absence duration (Model 3)

Variable Estimate (95% CI) Back-transformed estimate1 (95% CI) P (MCMC)

(Intercept) 4.24 (4.05 to 4.42) 69.57 (57.37 to 83.22) (<0.001)
Year 2011 versus 2010 �0.05 (�0.35 to 0.24) �0.95 (0.70 to 1.27) 0.75
Year 2012 versus 2010 þ0.39 (0.24 to 0.52) �1.47 (1.27 to 1.68) <0.001

A2 Age (older versus yearling) þ0.01 (�0.06 to 0.09) �1.01 (0.94 to 1.09) 0.80
Tarsus (mm) þ0.02 (�0.03 to 0.09) �1.02 (0.97 to 1.09) 0.43
Weight (g) �0.03 (�0.09 to 0.05) �0.97 (0.91 to 1.05) 0.40

B2 Brood size þ0.04 (0.01 to 0.08) �1.04 (1.01 to 1.08) 0.02
Brood contains extrapair young (yes versus no) �0.09 (�0.23 to 0.03) �0.92 (0.80 to 1.03) 0.17
Mean tarsus length of chick in brood (mm) �0.03 (�0.20 to 0.11) �0.97 (0.82 to 1.12) 0.69
Mean condition of chick in brood (weight in g/tarsus in mm) þ2.35 (0.81 to 3.98) �10.49 (2.24 to 53.75) 0.004

C2 Capture date (days) þ0.02 (�0.01 to 0.05) �1.02 (0.99 to 1.05) 0.22
Capture time (h) þ0.07 (0.04 to 0.10) �1.07 (1.04 to 1.10) <0.001
Retention time (min) þ0.00 (0.00 to 0.01) �1.00 (1.00 to 1.01) 0.14
Pair capture status3 (1 versus 0) þ0.74 (0.60 to 0.85) �2.1 (1.83 to 2.33) <0.001
Pair capture status (2 versus 0) þ1.61 (1.42 to 1.80) �5.00 (4.15 to 6.07) <0.001
Pair capture status (2 versus 1)4 þ0.85 (0.64 to 1.05) �2.35 (1.9 to 2.85) <0.001

Response variable is the total absence duration of both parents at the nest in min (night excluded; log-transformed). Identity of focal individuals and brood identity were
included as random variables.

1 After back-transformation from log-scale, the effect is indicated by a factor (�1 indicates no difference).
2 Explanatory variables linked to the focal individual (A), to the brood (B) and to handling (C, see Methods).
3 ‘Pair capture status’ refers to the joint capture and handling experience of the pair (status 0: at least one of the birds was known from previous captures; status 1: none of

the birds were known, but at least one was a local recruit; status 2: both birds were new).
4 The comparison between pair capture status 2 (both birds new) and 1 (at least one recruit, none known) is shown in italics, because it was extracted from amodel in which

the variable ‘pair capture status’ was recoded to include this comparison (i.e. different intercept).
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Figure A1. Effect of (a) brood size, (b) brood condition and (c) capture time on the total absence duration of both parents at the nest (night excluded). Lines fitted from model 1
(Table 3, main text) and separated by pair capture status (0: at least one parent known, N ¼ 82; 1: at least one parent is a local recruit, but neither is known, N ¼ 57; 2: both parents
new, N ¼ 15). Note that points in (a) and (b) represent nests (brood size and condition are the same for both parents) whereas points in (c) represent parents (capture times differ
between parents). Inclusion of nest and individual ID as random factors in the model controls for pseudoreplication in the test of (c).
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Figure A2. Example of a typical pattern of parental absence durations. (a) Absence durations over 11 days for one nest (box 166) in 2011. Natural absence durations (open points) are
much shorter than the capture-induced absence duration (dot, highlighted by a circle). The day of capture (12 May) is shown blown up in (b). Note the log-scale on the x-axes.

E. Schlicht, B. Kempenaers / Animal Behaviour 105 (2015) 63e7878


	Immediate effects of capture on nest visits of breeding blue tits, Cyanistes caeruleus, are substantial
	Methods
	Field Procedures
	Transponder Data
	Variables and Tests
	Statistical Analyses

	Results
	Descriptive Results
	Explaining Variation in Return Latencies
	Explaining Variation in Absence Durations
	Comparison with Natural Absences
	Effects of Parental Absence
	Repeatability of Absence Duration

	Discussion
	General Explanations for Long Return Latencies
	Differences Between Treatment Groups
	Biological Implications
	Methodological Implications
	Conclusion

	Acknowledgments
	References
	Appendix 1
	Appendix 2
	Appendix 3


