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Assessing habitat quality is critical for migrating birds, with implications for fuel loading,
predation risk and timing of departure. To efficiently distribute within stopover sites,
migrants rely on various cues that facilitate habitat quality assessment. In this study, we
conducted a playback experiment at a mid-route stopover site to test the effects of vocal
cues, specifically bird songs, on habitat redistribution during spring migration. To esti-
mate the effect of bird songs on bird abundance we mist-netted and ringed birds for
60 days on alternating playback treatment (playing songs of three sylviid warbler species)
and no playback (control) days. A nearby site was used to control for fluctuations caused
by migration waves. Overall, total bird abundance was significantly increased by the
playback treatment. This increase resulted from the attraction of conspecifics (species
whose songs were played) rather than of other species – sylviids or others. Correspond-
ingly, species richness was seemingly unaffected. To investigate the relationship between
internal-state factors and the attraction to playback in the most abundantly attracted spe-
cies, Eurasian Blackcap Sylvia atricapilla, we tested associations with age, sex and body
condition index but found no significant effects, possibly because of the limited sample
size. Our findings challenge established ideas regarding heterospecific attraction and con-
tradict previous studies. Attraction to bird song is discussed in the context of geographi-
cal location, timing and internal drivers. Vocal cues, specifically bird songs, may affect
micro-habitat selection by migrating songbirds during stopovers. Consequently, we call
for consideration of the influence of the acoustic environment on birds during migratory
stopover in future studies, habitat management and conservation efforts.
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The search for suitable environments has driven
remarkable sensory and behavioural adaptations,
enabling informed habitat selection by birds
(Hutto 1985, Moore & Aborn 2000, Caspi
et al. 2022). Selecting a food-rich habitat could
have direct fitness consequences because habitat-
specific food intake rates influence the physiologi-
cal condition and behaviour of birds (Lindstr€om &
Alerstam 1992), probably affecting survival and

reproduction (Both & Visser 2001, Norris & Tay-
lor 2006). Habitat quality is particularly important
during migration because it can influence foraging
efficiency, fuel loading and time of departure
(Bairlein 1983, Lindstr€om & Alerstam 1992,
Deppe & Rotenberry 2008, Mukhin et al. 2008,
Domer et al. 2021). Consequently, and especially
while crossing large ecological barriers (e.g. the
Sahara Desert), habitat selection decisions during
migratory stopover are essential for long-distance
migrants (Biebach et al. 1986, Moore &
Aborn 2000).

The role of vocal or visual cues in breeding site
selection has been well established (see reviews by
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Stamps 1988, 1991, Nocera & Betts 2010, DeJong
et al. 2015, Buxton et al. 2020). For example, Eur-
asian Blackcap Sylvia atricapilla song rate provides
information regarding breeding habitat quality
(Hoi-Leitner et al. 1995). Specifically, the role of
vocal cues upon migrants’ arrival at their breeding
grounds has been studied (Ahlering et al. 2010,
Szymkowiak et al. 2017, Valente et al. 2021), with
potential implications for conservation (Ward &
Schlossberg 2004, Ahlering et al. 2010, Valente
et al. 2021). However, less is known in the context
of stopover site selection, even though it similarly
relies on both visual (Hutto 1985, Moore
et al. 1995, Moore & Aborn 2000) and vocal
(Herremans 1990a, Chernetsov 2006, Mukhin
et al. 2008) cues, including songs and calls. When
birds alight, habitat quality information can be
gathered from other individuals in the habitat,
enabling rapid habitat quality assessment (N�emeth
& Moore 2007, 2014), which is critically impor-
tant for migratory birds that occupy unfamiliar
environments during their journeys (Hutto 1985,
1998, Moore & Aborn 2000, Chernetsov 2006).

Understanding the spatial scale of habitat selec-
tion during migration is fundamental for recogniz-
ing the role of range-limited acoustic cues. Habitat
selection involves, first, stopover site selection and,
secondly, redistribution within the selected site
(micro-habitat selection; Fransson et al. 2008,
Chernetsov 2012). The first is at the scale of kilo-
metres, but the second is seemingly limited to only
several hundred metres (Ktitorov et al. 2010). For
Eurasian Blackcaps, the movement range is less
than 150 m, similar to their ranges during other
parts of the year (Chernetsov 2002, Preiszner &
Cs€org}o 2008). This may allow the detection of
vocalizing individuals during redistribution, as the
transmission distance of bird song is of a similar
spatial scale (Dooling et al. 2000). Although the
scientific literature seldom distinguishes between
these two stages of habitat selection, the similar
distance range of micro-habitat selection and vocal
cue distribution suggests that vocal cues may influ-
ence decisions within stopover sites (e.g. Fransson
et al. 2008), expanding beyond traditional studies
of acoustic cue effects on site selection.

Current knowledge of the impact of acoustic
cues on migratory birds is based mainly on play-
back experiments where different playback timings
can provide information regarding different stages
of habitat selection. In most site-selection studies,
songs are primarily played overnight to attract

actively migrating birds (e.g. Herremans 1989,
1990a, 1990b, Weller 1995, Schaub & Jenni 1999,
Mukhin et al. 2008, Alessi et al. 2010,
Panov 2011). In fewer studies, diurnal tape luring
has been used to investigate habitat redistribution
within sites (Arizaga et al. 2015, de la Hera
et al. 2017, Sebastianelli et al. 2020). Both types
of experiments usually use specific vocalizations
(particularly bird songs), were limited to a single
species and focus on conspecific attraction (but see
Mukhin et al. 2008, Panov 2011, de la Hera
et al. 2017, Sebastianelli et al. 2020), and largely
reveal increased bird abundance in response to
playback (Buxton et al. 2020). To account for nat-
ural daily fluctuations in bird migration and to
obtain a more robust estimation of effect size, sev-
eral studies also included a control site without
playback (Mukhin et al. 2008, Arizaga et al. 2015,
de la Hera et al. 2017).

In previous studies, higher bird abundance in
playback sites resulted from a stronger response of
either juveniles (Borras & Senar 1986,
Brotons 2000, Ward & Schlossberg 2004) or adults
(Mukhin et al. 2008, Panov & Chernetsov 2010),
but not both. A stronger response of either females
(Weller 1995) or males (Herremans 1989, Lecoq
& Catry 2003) of the same species or among spe-
cies was also documented in some studies. In addi-
tion, birds in poorer physiological condition
tended to respond more frequently to vocal cues
than birds in better condition (Figuerola & Gusta-
mante 1995, Brotons 2000, Panov & Chernet-
sov 2010, Arizaga et al. 2015). This variability
suggests that internal state may shape responses to
acoustic cues, and may do so differently at differ-
ent locations, times of day and periods of the
annual cycle.

Our understanding of how vocal cues shape the
spatiotemporal redistribution of birds during
migratory stopovers remains incomplete. Still, little
is known about how vocal cues from individual
species influence transient community composi-
tion, same-species abundance at migratory stop-
overs, or the role of internal factors like age, sex
and physiological condition in micro-habitat selec-
tion. In this study, we aimed to help fill this
knowledge gap by examining the effects of diurnal
sylviid warbler playback on these factors during
spring migration stopover at the edge of an ecolog-
ical barrier, thereby advancing our understanding
of this complex puzzle. Specifically, we predicted
that individuals from species whose songs were
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played would redistribute in the site, showing
attraction and resulting in higher abundance in the
vicinity of the playback area (Buxton et al. 2020),
and that closely related sylviid warblers, whose
songs were not played, would also show greater
attraction than other unplayed species, based on
overlaps in habitat requirements (Mukhin
et al. 2008, Panov 2011). Secondly, we predicted
that based on their experience, adults would be
attracted to playback more than juveniles (i.e. sec-
ond calendar year birds; hereafter ‘2CY’), shifting
the age structure of the population (Mukhin
et al. 2008, Panov & Chernetsov 2010). Thirdly,
we predicted that the population structure would
skew towards a higher proportion of females in
response to the playback treatment, as females will
be more attracted than males to songs during our
springtime study period (Weller 1995). Lastly, we
predicted that leaner birds would be more
attracted to playback than birds in better physio-
logical condition. Poorer condition might result
from inefficiency in locating food or from recent
arrival from an exhausting migratory journey. Con-
sequently, leaner birds would be expected to rely
on conspecific cues to a greater extent (Figuerola
& Gustamante 1995, Brotons 2000, Panov &
Chernetsov 2010, Arizaga et al. 2015).

METHODS

Study site

We collected data during spring 2014 at the Inter-
national Birding and Research Center Eilat, located
north of Eilat, Israel (29°340N, 34°580E; Fig. 1a),
which covers approximately 25 hectares. Although
most of the region is extremely arid (14.1 mm
mean annual precipitation; Ginat et al. 2011), the
park, once part of a unique salt marsh habitat, is
densely vegetated and includes a brackish water
lake. Consequently, many passerines that migrate
through the Sahara Desert use the park for
stopovers.

Bird capturing was carried out at two sites
within the park using mist-nets. The first was the
experimental site (hereafter – ES; Fig. 1b), where
the playback was applied on alternating playback
treatment and ‘no playback’ (control) days (see
Experimental protocol section below). Additional
nets were positioned in a second site of similar
habitat, between 330 and 370 m away from the
ES (about twice the movement range of our focal

species during stopover; Chernetsov 2002, Preisz-
ner & Cs€org}o 2008, Ktitorov et al. 2010). This
control site (hereafter CS; Fig. 1b) served as a
baseline sampling site without playback. Mist-nets
42 m long and 3 m high were deployed at ES, and
54-m long mist-nets (also 3 m high) were used at
CS. The difference in net length between the two
sites was addressed in the statistical analyses. At
both sites (ES and CS), nets were placed within
the sparse scrub, composed mainly of Salvadora
persica, Suaeda monoica and small Vachellia (previ-
ously Acacia) trees ranging from 80 to 150 m from
the park’s brackish water pond.

Study species

We used playback songs of three sylviid warbler
species that migrate through the Middle East and
specifically through Eilat during spring: Eurasian
Blackcap Sylvia atricapilla, R€uppell’s Warbler Cur-
ruca ruppeli and Eastern Subalpine Warbler Cur-
ruca cantillans, an abundant, an uncommon and a
rare species, respectively (Shirihai et al. 1996).
Bird songs from these species were used in the
playback because they are known to sing during
spring migration (Shirihai et al. 2001) and because
bird songs were used in similar studies that tested
the response of migrating warblers to vocal cues
(e.g. Herremans 1989, Weller 1995, Sebastianelli
et al. 2020), allowing qualitative cross-study com-
parisons. As we captured only 18 R€uppell’s War-
blers during the entire study period (below), our
analysis of this species’ data was limited (see Data
analysis section below). The Subalpine Warbler is
not included in the analysis because we did not
capture any during the study.

Experimental protocol

We captured birds daily between 1 March and 29
April 2014 (60 consecutive days). Mist-nets were
opened for 5 h daily, starting 30 min before sunrise
(first light). We avoided playback during the hours
of darkness to minimize vocally induced landfall,
which could disrupt passerines’ nocturnal migra-
tory patterns (Harper 1994; see also Supporting
Information Appendix S1). Throughout the experi-
ment, we positioned an MP3 audio device (San-
disk, China) equipped with a 20-W speaker
(model PA-815 M, Pro-audio, China) at the same
location by the ES nets. Days without playback
served as ‘control’ days. Every other day, on
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playback treatment day, the device played itera-
tively the songs of the three sylviid warbler species.
Each species’ song was played for 3 min, including
at least two different sub-songs for each species
(sensu Kroodsma et al. 2001). Bird song recordings
were taken from Schulze and Dingler (2007). The
songs of the three species played consecutively on
a loop, repeating every 9 min (3 min per species)
during the 5 h daily session. The playback was
audible to the people who worked in the field site
up to approximately 200 m from the speakers,
meaning that focal species presumably heard it
only when approaching closer than this distance
(Dooling & Popper 2007) and not near the CS.

All captured birds were measured and marked
using uniquely numbered aluminium leg rings. We
registered the following data for each individual:
date and time of capture, species identity, age,

sex, visual fat score (0–8 following Kaiser 1993),
maximum wing chord length (� 0.5 mm), tail
length (for wing length validation; � 0.5 mm) and
body mass (� 0.1 g). By dividing body mass by
wing length, we calculated body condition index,
following previous studies on small migratory pas-
serines (ratio of body mass/wing length; Benson &
Winker 2005, Seewagen 2008). The birds were
released back to the wild 300 m away from the ES
and 70 m from the CS. To prevent pseudoreplica-
tion, we used only data from the first capture for
any bird captured more than once.

Data analysis

Variables
Species composition of captures, bird abundance,
and age and sex structures showed high spatial and

Figure 1. (a) A regional map covering the range from the over-wintering areas in tropical Africa, through the Sahara Desert to the
south of the Mediterranean Sea, and some of the European and Asian breeding grounds in the north and showing the landscape that
birds were crossing before and after their arrival at the experimental site. Image sourced from Google Earth. The black dot is
enlarged in (b). (b) The International Birding and Research Centre park, located north of Eilat, Israel (29°340N, 34°580E), where the
experiment took place. Mist-netting sites are marked with their abbreviations: experimental site, where playback was broadcast every
other day with playback days defined as ‘treatment’ days and days without playback defined as ‘control’ days (ES; speaker on icon),
and control site, used as a treatment-free baseline (CS; speaker off icon). We used 12-m nets (orange) and 18-m nets (red). Image
sourced from govMap: www.govmap.gov.il.
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temporal variation throughout the experiment, so
we used two variables to account for this. First, to
account for seasonal variation in both bird assem-
blage and micro-habitat quality at the site, we
included the experiment day (1–60) as an inde-
pendent continuous covariate in all models. Sec-
ondly, to account for the possible effect of bird
migration waves, which cause high daily fluctua-
tions in abundance throughout the migration
period, we included the corresponding daily value
of the specific variable (i.e. species richness, daily
abundance, age or sex ratio) from the CS in each
model (see below).

Because the playback used may affect multiple
bird species (either directly or indirectly), our
abundance response variable expressed the daily
abundance of all species summed (Table S2). In
addition, we considered three specific bird abun-
dance categories: (1) sylviid warbler species whose
songs were played, (2) sylviid warbler species
whose songs were not played and (3) all other spe-
cies. We used relative abundance variables, which
were the proportion of birds captured at ES out of
the total number of birds captured on that day at
both ES and CS. We did the same for species rich-
ness (i.e. the proportion of species number at ES
out of all species captured that day in both ES and
CS; models 1–3 and 5 in Table 1). We also used
Fisher’s a index (Fisher et al. 1943, Rosenz-
weig 1995; R package vegan; Dixon 2003) to cor-
rect species richness for the daily number of
individuals sampled (model 4 in Table 1), and
used this measure as a response variable. Similarly,
to test our predictions for higher attraction of
adults than 2CY birds, and females than males, we
calculated the daily proportion of each age group
and each sex group in the ES out of that at both
sites (ES + CS) as response variables in the same
way (models 6 and 7 in Table 1). Finally, to test
our prediction of higher playback attraction of
birds in poor physiological condition, we used the
body mass/wing length ratio as a response variable
(Benson & Winker 2005, Seewagen 2008; model 8
in Table 1; for fat scores see Appendix S4).

Statistical modelling
We analysed the data using R version 3.4.4 (R
Core Team 2022) in RStudio (RStudio Team 2022)
with the packages lme4 (Bates et al. 2015) and
lmerTest (Kuznetsova et al. 2017). For all analyses,
we used generalized linear models (GLMs) to test
whether song playback treatment significantly

affected the response variable of interest. To test
the effect of the treatment, we used likelihood
ratio tests, each time comparing a null model
including only covariates (see Variables section
above) with a model including both the covariates
and the song playback treatment as a categorical
factor with two levels (playback or no playback;
Zuur et al. 2009; Table 1). Only when the inser-
tion of the playback treatment variable (or its inter-
action with the variable of interest) significantly
improved the model compared with the null model
(as implied by the likelihood ratio test; Zuur
et al. 2009, Alday 2016) did we report the results
of GLMs. When an interaction term was signifi-
cant, we used estimated marginal means to com-
pare the pairs within it (Lenth et al. 2022). We
employed two-tailed tests to assess both attraction
to and deterrence from song playback, as both are
possible outcomes (Mukhin et al. 2008). In all ana-
lyses, we used a significance level of a = 0.05.

For all response variables expressed as a propor-
tion, we constructed a binomial error model
(models 1–3 and 5–7 in Table 1). Model fits were
visually checked with residual plots. We assessed
treatment impact on species composition by con-
structing models for daily abundance across all spe-
cies and for daily species richness (models 1 and 3,
correspondingly, in Table 1). To test whether dif-
ferent species reacted similarly to playback treat-
ment, we built a model with an interaction term
between treatment and species category with three
levels (sylviid warbler species whose songs were
played, sylviid warbler species whose songs were
not played and other (not-played) species; model
2 in Table 1). To examine the impact of playback
specifically on the sylviid warbler species whose
songs were played, we separately analysed data of
Eurasian Blackcaps, the only species with a suffi-
cient sample size (model 5 in Table 1). Similarly,
we examined how internal state factors (age, sex
and body condition) shaped the reaction to play-
back only for Blackcaps. To test for the possible
effect of age on the response to the playback treat-
ment, we compared the daily proportion of each
age group at ES (2CY, adults; ES/(ES + CS)) by
adding an interaction term between playback treat-
ment and age with the two levels (2CY, adults;
model 6 in Table 1). We did the same to test for
the effect of bird sex on the response to the play-
back treatment (model 7 in Table 1). We did not
include a model for age and sex three-way interac-
tion with treatment because of our limited sample
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size (low number of individuals per day per each
age and sex combination). For Fisher’s a index and
the ratio of body mass to wing length (body condi-
tion index) in Eurasian Blackcaps, we used c distri-
butions with log link function and compared a
model with an interaction between site and play-
back treatment with its nested model (i.e. a model
including these variables without an interaction;
Zuur et al. 2009, Alday 2016) to test whether the
playback treatment was associated with the differ-
ence in the response variable values between the
ES and CS (models 4 and 8 in Table 1; see also
Appendix S5).

RESULTS

Bird abundance and species
composition

We captured and marked 2262 individual birds of
44 species during the 60 days of the experiment
(Table S2). A further 145 re-capture events were
excluded from all analyses to avoid pseudoreplica-
tion (after no significant pattern was found in rela-
tion to treatment type when exploring these data
in preliminary analyses). The daily number (mean
� standard deviation (sd); here and throughout the
text) of individuals captured in the ES during the
playback treatment days was 21.5 � 13.79 sd
birds/day (total 645 birds), while 18.27 � 15.37 sd

birds/day (total 548 birds) were captured during
no playback days, an increase of 17.7%. Bird abun-
dance in the CS was similar during playback treat-
ment (17.63 � 10.44 sd birds/day; total 529 birds)
and no playback (18.03 � 11.35 sd birds/day; total
541 birds) days (with playback only at ES). We
found that the proportion of all birds in the ES per
day was significantly higher on playback days than
on no playback days, with a 14.9% increase from
0.47 � 0.17 sd on no playback days to
0.54 � 0.16 sd during treatment (likelihood ratio
test, v2(df=�1) = 5.83, P = 0.02; model 1 in Table 1;
GLM binomial distribution: dfresidual = 57, Z
value = �2.41, P = 0.02 for the effect of playback;
Table 2; Fig. 2a). This increase resulted from a sig-
nificant increase in the numbers of sylviid warbler
individuals from species whose songs were played
(likelihood ratio test, v2(df=�3) = 15.1, P = 0.006;
model 2 in Table 1; ANOVA for GLM binomial
distribution: P = 0.006 for the interaction of play-
back treatment with species category;
Tukey-adjusted comparisons: P < 0.05; Table 3;
Fig. 2b), but no significant increase of sylviid war-
blers or other species whose songs were not played
(Tukey-adjusted comparisons: P = 0.2 and P = 1,
respectively; Table 3; Fig. 2b). Daily species rich-
ness was not significantly affected by playback
treatment (likelihood ratio test, v2(df=�1) = 2.42,
P = 0.1; model 3 in Table 1) with a mean of
5.90 � 2.07 sd species captured during playback

Table 2. Bird abundance model: in this model we explored how bird abundance (daily number of birds caught) was affected by syl-
viid warbler song playback.

v2 df P (> |z|)

(a) Analysis of deviance
Playback 6.0 1 0.02 *
Day 13.0 1 < 0.001 ***

Exp (estimate) Estimate se z value P (> |z|)

(b) Generalized linear model
Intercept 0.91 �0.10 0.10 �0.95 0.34
No playback 0.81 �0.21 0.09 �2.41 0.02 *
Day 1.01 0.01 0.00 3.55 < 0.001 ***

Two experimental phases are compared: ‘playback’ and ‘no playback’. The model also included the day number (1–60) to account
for possible temporal variation in the bird assemblage and habitat through the season. ES refers to the experimental site – where
song playback was used on alternating days (playback and no playback days, respectively); CS refers to the control site – no song
playback was used at the CS; se, standard error. The model was structured as follows: Daily bird number at ES/(daily bird number at
ES + daily bird number at CS) ~ Playback treatment + Day. Error distribution: binomial. Link function: logit. Variables of special inter-
est are highlighted in grey, variables in bold were found to significantly affect bird abundance, and the asterisks in the right-most col-
umn represent the level of significance: *P < 0.05, ***P < 0.001. (a) ANOVA table for the bird abundance model. (b) Generalized
linear model results for bird abundance.
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days compared with 4.80 � 1.88 sd species cap-
tured during no playback days at the ES. Similarly,
species richness corrected for sample size, calcu-
lated using Fisher’s a, was not significantly different
between playback and no playback days (see inde-
pendent samples t test in Appendix S5; likelihood
ratio test, v2(df=�1) = 1.7, P = 0.19; model 4 in
Table 1).

The effects of song playback on species
whose songs were played

Eurasian blackcaps
We captured 566 Eurasian Blackcaps during the
study (Table S2). An additional 48 re-capture
events were excluded from all analyses to avoid
pseudoreplication. A mean of 5.77 � 4.91 sd
Blackcaps/day (n = 173) were captured in the ES
during the playback treatment days, while
3.95 � 4.29 sd Blackcaps/day (n = 118) were cap-
tured during no playback days, an increase of
46.1%. Blackcap mean abundance in the CS was
similar during playback (4.40 � 4.48 sd Blackcaps/
day) and no playback (4.77 � 5.81 sd Blackcaps/
day) days (with playback only at ES). In total, the
proportion of Eurasian Blackcaps captured in the
ES significantly increased by 15.7%, from
0.51 � 0.31 sd during no playback to 0.59 � 0.25
sd during playback (likelihood ratio test,
v2(df=�1) = 7.93, P = 0.005; model 5 in Table 1;
GLM binomial distribution, dfresidual = 51, Z

value = �2.81, P = 0.005 for the effect of play-
back; Table 4; Fig. 2c). We therefore conclude that
playback songs positively affected the number of
Eurasian Blackcaps captured in the ES, supporting
our prediction. Overall, the increase in Eurasian
Blackcaps accounted for 48.1% of the total bird
increase attributable to playback.

We found no significant effects of age on the
increase in the number of Eurasian Blackcaps
(likelihood ratio test, v2(df=�1) = 0.57, P = 0.45;
model 6 in Table 1). Both 2CY and adults were
attracted to a similar extent to ES during play-
back days (2CY increased by 28.3%, from
0.46 � 0.34 sd during no playback to
0.59 � 0.28 sd during playback; adults increased
by 23.9% from 0.46 � 0.32 sd during no play-
back to 0.57 � 0.35 sd during treatment). Simi-
larly, we found no significant effect of sex on the
increase in the number of Eurasian Blackcaps
(likelihood ratio test, v2(df=�1) = 0.03, P = 0.87;
model 7 in Table 1). Both females and males
were attracted to the ES during playback days
(females increased by 26.5%, from 0.49 � 0.34 sd
during no playback to 0.62 � 0.31 sd during
treatment; males increased by 9.9% from
0.51 � 0.33 sd during no playback to
0.56 � 0.26 sd during playback). Finally, the mass
to wing-length ratio, our measure of body condi-
tion, did not differ significantly between treat-
ments and sites (0.22 � 0.02 sd at ES on
playback days, 0.23 � 0.02 sd at ES on no

Figure 2. Proportion of daily bird abundance (mean � standard error (se); y axis) at the experimental site (ES) for each experimen-
tal treatment phase (with playback – black, without playback – grey) according to species groups (x axis). Presented are the values
for original data and not model outputs. (a) For all songbird species. The asterisk (*) indicates the level of significance (P < 0.05;
Table 2). (b) For all songbird species divided into categories: sylviid warbler species whose songs were played (triangle), sylviid war-
bler species whose songs were not played (dot) and other not-played species (square). The asterisk (*) indicates the level of signifi-
cance (P < 0.05; Table 3). (c) For Eurasian Blackcap. The asterisks (**) represent the level of significance (P < 0.01; Table 4).
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playback days, 0.23 � 0.02 sd at CS on playback
days and 0.23 � 0.02 sd at CS on no playback
days; see independent samples t test in
Appendix S5; likelihood ratio test,
v2(df=�1) = 1.27, P = 0.26; model 8 in Table 1;
for fat scores see Appendix S4). These results do
not support our hypotheses concerning the

potential influence of internal state factors on
response to playback.

R€uppell’s warblers
A single R€uppell’s Warbler was captured in the ES
during no playback days, whereas 12 were cap-
tured during playback treatment days. In the CS,

Table 3. Bird abundance for each species category: in this model we explored how the daily proportion of birds captured at the
experimental site was affected by played-back sylviid warbler songs, for each of three species categories (played sylviid species;
non-played sylviid species; other species).

v2 df P

(a) Analysis of deviance
Playback 0.56 1 0.45 *
Species category 24.07 2 < 0.001
Day 19.7 1 < 0.001 ***
Playback: Species category 10.25 2 0.006 **

Exp (estimate) Estimate se z value P

(b) Generalized linear model
Intercept 0.62 �0.473 0.125 �3.795 < 0.001 ***
No playback 1.1 0.097 0.123 0.789 0.43
Played sylviid species 1.35 0.299 0.147 2.039 0.041 *
Non-played sylviid species 2.01 0.698 0.144 4.845 < 0.001 ***
Day 1.01 0.012 0.003 4.367 < 0.001 ***
No playback: species category-played sylviid species 0.54 �0.609 0.209 �2.918 0.004 **
No playback: species category-non-played sylviid species 0.62 �0.479 0.208 �2.307 0.021 *

Playback Species category Prob se df Asymp.LCL Asymp.UCL

(c) Estimated marginal means
V – on Played sylviid species 0.55 0.03 Inf 0.47 0.64
X – off Played sylviid species 0.43 0.03 Inf 0.34 0.52
V – on Non-played sylviid species 0.65 0.03 Inf 0.57 0.72
X – off Non-played sylviid species 0.56 0.03 Inf 0.46 0.65
V – on Non-played other species 0.48 0.02 Inf 0.41 0.55
X – off Non-played other species 0.50 0.02 Inf 0.44 0.57

Contrast Estimate se df z ratio P value

(d) Contrasts
V not played other spp. – X not played other spp. �0.0927 0.123 Inf �0.751 0.9754
V not played sylviid spp. – X not played sylviid spp. 0.3823 0.168 Inf 2.282 0.2012
V played sylviid spp. – X played sylviid spp. 0.5115 0.168 Inf 3.04 0.0286

Two experimental phases are compared: ‘playback’ and ‘no playback’ in the ES site (below). The model also included the day num-
ber (1–60) to account for possible temporal variation in the bird assemblage and habitat during the season. ES refers to the experi-
mental site – where song playback was used on alternating days; CS refers to the control site where no song playback was used;
se, standard error. The model was structured as follows: Daily bird number at ES/(daily bird number at ES + daily bird number at
CS) ~ playback treatment: species category + Day. Error Distribution: binomial. Link function: logit. The colon indicates statistical
interaction. In all tables, variables of special interest are highlighted in grey, variables in bold were found to significantly affect bird
abundance, and the asterisks in the right-most column represent the level of significance: *P < 0.05, **P < 0.01, ***P < 0.001. (a)
ANOVA table for bird abundance for each species category. (b) Generalized linear model results for each species category. (c) Esti-
mated marginal means for the same model. Two experimental phases are compared: ‘playback’ (V) and ‘No playback’ (x) for the
three species categories. (d) Contrasts for the comparisons of relevant combinations of the interaction term (for all comparisons see
Table S6).
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three were caught during no playback days (with-
out playback at ES), and two when playback was
used in the ES. Given the small sample size, we
did not perform statistical analyses.

DISCUSSION

Migrating birds may select their stopover site and
redistribute between different habitats within the
site based on various factors, including structural
attributes of the vegetation (e.g. Hutto 1985, Yong
et al. 1998), food and water availability (Moore &
Aborn 2000, Sapir et al. 2004a, 2004b and preda-
tion risks (e.g. Chernetsov 2012). To date, there is
limited research on the response of birds to vocal
communication in the context of habitat redistri-
bution at selected stopover sites (but see
Panov 2011, Arizaga et al. 2015, de la Hera
et al. 2017, Sebastianelli et al. 2020).

We found that corrected mean bird abundance
significantly increased by 14.9% under the play-
back treatment, without significant changes in spe-
cies richness. We found no increased abundance of
closely related sylviid warblers or other species
whose songs were not played, which contradicts
previous studies (e.g. Herremans 1990a, Mukhin
et al. 2008, Panov 2011, de la Hera et al. 2017,
Sebastianelli et al. 2020). This difference is possi-
bly a result of differences in the experimental
goals, with past experiments inducing landfall
(using playback throughout the night; e.g.

Herremans 1990a, 1990b, Mukhin et al. 2008,
Panov 2011) rather than exploring habitat redistri-
bution during stopover (using playback only from
first light; see Appendix S1). Moreover, seasonal
differences may affect the rate of attraction to
acoustic stimuli (de la Hera et al. 2017, Sebastia-
nelli et al. 2020), and possibly also differences in
species studied or differences in geographical loca-
tion (in relation to ecological barriers or destina-
tion). Our results regarding the response of
Eurasian Blackcaps suggest that vocal cues, specifi-
cally bird songs, play a role in the redistribution of
birds during stopover, by attracting conspecifics.

Sylviid warblers whose songs were included in
the playback showed significant attraction. Specifi-
cally, we found a significant increase of 15.7% in
Eurasian Blackcap corrected mean daily abundance
on days with song playback compared with days
without it. None of the examined internal state fac-
tors (age, sex and body condition index) were asso-
ciated with this increase. The lack of a statistically
significant impact of these factors may be a result of
limited sample size, not allowing us to reliably
account for all variables in a single model. Still, we
find it valuable to provide possible biological expla-
nations for our findings, which contrast with previ-
ous studies, which found an effect with similar or
smaller samples. Future studies might further
explain the discrepancies discussed here. Like Yong
et al. (1998), we found no differences in response
to playbacks between age classes during spring

Table 4. Eurasian Blackcap abundance model: in this model we explored how the proportion of all Blackcaps that were caught at
the experimental site (ES) each day was affected by played-back sylviid warbler songs (including Blackcaps).

v2 df P

(a) Analysis of deviance
Playback 7.931 1 0.005 **
Day 5.1861 1 0.02 *

Exp(estimate) Estimate se z value P

(b) Generalized linear model
Intercept 2.34 0.85 0.28 3.01 0.003 **
No playback 0.62 �0.48 0.17 �2.81 0.005 **
Day 0.99 �0.01 0.01 �2.26 0.02 *

Two experimental phases are compared: ‘playback’ and ‘no playback’ days in the ES (below). The model also included the day
number (1–60) to account for possible temporal variation in the bird assemblage and habitat through the season. ES refers to the
experimental site – where song playback was used on alternating days (‘treatment’ and ‘control’ days, respectively); CS refers to the
control site where no song playback was used; se, standard error. The model was structured as follows: Daily bird number at ES/
(daily bird number at ES + daily bird number at CS) ~ playback treatment + Day. Error distribution: binomial. Link function: logit. Vari-
ables of special interest are highlighted in grey. Variables in bold were found to significantly affect Blackcap abundance and the
asterisks at the right-most column represent the level of significance: *P < 0.05, **P < 0.01. (a) ANOVA table for the Blackcap abun-
dance model. (b) Generalized linear model results for Blackcap abundance.
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migration. Theoretically, juvenile attraction may be
explained by the advantages of obtaining informa-
tion from other foragers in the habitat, whereas
adults may not need to rely on this information
(Marchetti & Price 1989, N�emeth & Moore 2014).
We note that Panov (2011) demonstrated a trend
of increased adult attraction in Bluethroats Luscinia
svecica during autumn migration, and thus the
opposite trend is also possible. It may be that dur-
ing spring migration, 2CY songbirds are as experi-
enced foragers as adults, and hence show no
behavioural differences. Additionally, we did not
find an effect of sex on the response to the play-
back, in contrast to other playback experiments,
which have found higher attraction of either male
(Herremans 1989) or female (Weller 1995) Eur-
asian Blackcaps. Possibly warranting future investi-
gations, we did notice a trend of greater female
attraction (26.5% increase) compared with male
attraction (9.9%). We also did not find any differ-
ences in the physiological condition of the Black-
caps that were captured during playback and no
playback days, suggesting the absence of body-
condition-related attraction responses to song dur-
ing habitat redistribution at this stopover site. Con-
sidering both that this stopover site is one of the
first the birds encounter after crossing the Sahara
Desert and that we observed an overall high rate of
lean birds (implied by the low mean body condition
index; see also Appendix S4 for fat scores), it may
be that all birds choosing to stop at this vegetated
site surrounded by hostile desert matrix were in
search of food (Biebach et al. 1986), and so were
behaving similarly regardless of song stimuli. Over-
all, these diverging results suggest a
context-dependent response that may vary among
species, seasons and stages of the migration journey,
calling for further examination.

Why is bird song attractive during spring
migration?

In this experiment, we used song playback, a pre-
vailing practice in the field of behavioural ecology of
songbirds, in bird ringing and for hunting (e.g. Bux-
ton et al. 2020, Sebastianelli et al. 2020). However,
when interpreting bird attraction to song playback,
its biological relevance and function must be borne
in mind. Several non-mutually exclusive mecha-
nisms may explain the higher overall abundance of
birds observed when songs were played back in our
experiment during spring migration. One plausible

explanation is an innate behavioural response associ-
ated with sexual attraction. Here, this would repre-
sent an erroneous response to a non-relevant
stimulus (out of breeding range, wrong month). We
found no strong sex bias that could support this sex-
ual attraction explanation. Alternatively, birds may
be attracted to song to rapidly gather social informa-
tion about habitat quality or resource distribution
(N�emeth & Moore 2007, Panov 2011) or to convey
information regarding predation risks (Krama
et al. 2008, Hua et al. 2013), which could increase
survival. Increased response to resource signalling
could be at play here, at a prolific stopover site,
because previous studies of Eurasian Blackcaps sug-
gest that there is no intraspecific aggression when
food availability is high (Chernetsov 2002). If infor-
mation gathering is the reason for attraction, one
may also anticipate the attraction of heterospecific
birds, but this was not supported by our results.

The statistically significant increase in the daily
mean abundance of Eurasian Blackcaps in response
to playback constitutes only 48.1% of the overall
observed increase in the abundance of individuals
from all species. This implies that there may be an
effect on other species that we were unable to
detect because of small sample sizes or other sta-
tistical limitations. All in all, we suggest that the
increased abundance observed under playback is
more probably due to information collection and
habitat suitability assessments, rather than an
innate response to breeding cues in bird song.

Possible implications for nature
conservation

Globally, increasing noise pollution warrants addi-
tional investigation to understand its effects on
bird behaviours, particularly those reliant on social
interactions and vocal communication. This is
especially relevant for behaviours related to migra-
tory stopovers, where an evident research gap
exists. As our study demonstrates, acoustic stimuli
are used for habitat redistribution on small spatial
scales, typically up to several hundred metres.
Within such ranges, noise pollution may consider-
ably reduce the listening range of birds (Barber
et al. 2010, Szymkowiak & Schmidt 2022).
Although here we do not provide experimental
evidence regarding the direct impact of noise pol-
lution on habitat redistribution, complementary
research on noise pollution in other periods of the
annual cycle (e.g. Barber et al. 2010, Ortega 2018,
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Szymkowiak & Schmidt 2022) suggests that incor-
porating precautionary measures into stopover site
management practices should be considered. Such
measures could include removing noisy infrastruc-
ture, noise-conscious planning for future develop-
ment, and vegetation management, all of which
would benefit birds by addressing this and other
ecological concerns.

Limitations and future examinations

While the sample size (2262 birds) and period (30
playback and 30 no playback days) were large com-
pared with previous studies, they still limited our
ability to explore the response of other species
groups by using other playbacks or exploring other
aspects of attraction. Additionally, we were able to
set only one ES (with alternating playback and no
playback days) and one CS within the stopover site
while fulfilling experimental requirements for com-
parable habitat, and ensuring that playback could
not be detected at the CS. However, comparing
multiple sites is recommended (Kroodsma
et al. 2001). Furthermore, using playback to imitate
social interaction without actual individuals being
present is a common method for bird ringing but is
subject to limitations, such as the lack of visual stim-
uli and the inability to adjust song attributes in
response to approaching birds as naturally occurs
(Ahlering et al. 2010, Leedale et al. 2015). These
limitations suggest that further examination is called
for. Future investigations may benefit from compari-
sons of responses across sites along the migration
route (away from or within species breeding ranges),
comparing reactions of several taxa and comparing
responses in different migration seasons using vari-
ous vocal cues (e.g. song, contact call or alarm calls).

Concluding remarks

Despite a good understanding of the function of
bird song (e.g. mate attraction and territory
defence; Catchpole & Slater 2003), there remains
a lack of comprehensive knowledge concerning the
reasons for attraction to bird song throughout the
annual cycle, and particularly during migration.
This gap is especially surprising given the wide-
spread use of song playback to attract birds en
route by bird-ringers, hunters and increasingly also
nature photographers. Bridging this knowledge gap
may facilitate a better understanding of the func-
tion of bird song and could promote safer use of

bird song playback to minimize negative impacts.
In this respect, our study represents a unique
investigation into this subject.
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