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Abstract Black-capped chickadees Poecile atricapillus
alter the number of D notes of their chick-a-dee call to
reflect urgency and threat. Here, I tested whether heterospe-
cific responses of an allopatric species to these mobbing
calls occur. Heterospecific chickadee mobbing calls and
songs from North America were broadcast to European
great tits (Parus major) and compared with conspecific
mobbing calls. During conspecific mobbing playbacks, all
great tits approached the speaker, during the heterospecific
“chick-a-dee” playbacks, 63.3% individuals approached the
speaker, while during the song playback, only 31.3% of the
great tits approached the speaker. Minimum distances of
great tits were lower during conspecific mobbing calls com-
pared to allopatric chick-a-dee calls and to allopatric chick-
adee song. Also, minimum distances were lower when
comparing allopatric chick-a-dee calls and chickadee song.
Great tits approached the speaker on average down to
(mean + SE) 20.0£1.8 m during playbacks of 1-4 D
elements, to 17.7+2.0 m during playbacks of 5-7 D
elements and down to 11.5+2.0 m during playbacks of
8-11 D elements. The number of D notes was inversely related
to minimum distance. Thus, the urgency message encoded in
the D notes was perceived also by an allopatric but phyloge-
netically related European species, suggesting that the hetero-
specific response is possibly phylogenetically conserved.

Keywords Alarmcall - Heterospecificattraction - Mobbing -
Passerines - Poecile atricapillus - Parus major - Urgency

Communicated by H. Brumm

C. Randler (D<)

Department of Biology, University of Education Heidelberg,
INF 561-2,

D-69120 Heidelberg, Germany

e-mail: Randler@ph-heidelberg.de

Introduction

Animals use acoustic signals in a wide variety of contexts,
such as mate choice, foraging, flock maintenance, and alarm
or mobbing activities (Charrier and Sturdy 2005). Alarm
calls are usually produced when animals encounter preda-
tors, and these calls are mainly addressed at conspecifics
(Templeton and Greene 2007) and also at heterospecifics
and at predators (e.g., Pavey and Smyth 1998; Caro 2005).
In songbirds, such alarm calls are typically shorter and less
complex than songs and used in a wider range of contexts
(Charrier and Sturdy 2005).

Alarm call systems have been broadly classified into
referential and risk-based systems. In species with more
complex vocal abilities, referential signals label different
categories of predators, which has been shown in mammals
and in birds (see Caro 2005 for an overview), in which
different call types distinguish between terrestrial and aerial
predators or between high and low urgency. Species with a
less complex alarm call system or limited vocal complexity
often use the same (or a similar) call type for various
predator species, threat levels, or situations. Their calls
differ in call rate or production pattern to denote different
threat levels. However, in some species, both systems exist
(e.g., in Poecile tits, Templeton et al. 2005).

The level of urgency can be encoded in different
ways, either by changes in acoustic structures of calls
(Manser 2001) or in variation/increase in call rate (e.g.,
repetition of or different number of elements, Blumstein and
Armitage 1997; Baker and Becker 2002; Templeton et al.
2005; Templeton and Greene 2007; Fallow and Magrath
2010). For example, in juvenile hyenas Crocuta crocuta, the
reduction of intervals between whoop calls in a calling bout
increased the likelihood of a conspecific to approach the caller
(Theis et al. 2007). Yellow mongoose Cynictis penicillata use
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an urgency-based alarm calling system, indicating high and
low urgency through two distinct call types (Roux et al. 2009).
Black-capped Poecile atricapillus and Carolina chickadees
Poecile carolinensis alter the number of D notes of their
chick-a-dee call to reflect urgency and threat level with more
D notes reflecting higher threat (Templeton et al. 2005; Soard
and Ritchison 2009). Furthermore, different levels of arousal
are expressed in call structure (e.g., frequency; Fichtel and
Hammerschmidt 2002).

Mobbing calls can be seen as special recruitment calls to
gather conspecifics, e.g., in suricates Suricata suricatta to
mob snakes (Manser et al. 2001), or represent the affective
state of the caller who wants the group to gather together
(Manser 2001). In birds, and especially in passerines, heter-
ospecific attraction and mobbing behavior has received
much attention (Caro 2005). Different hypotheses have been
explicated to explain mobbing behavior of passerines, e.g.,
driving the predator away (move-on hypothesis—Pettifor
1990; Flasskamp 1994), as cultural transmission of predator
recognition from parents to juveniles (Curio et al. 1978;
Frankenberg 1981), or as predator—prey communication
(perception advertisement or quality advertisement—Curio
et al. 1978; Ostreiher 2003). While mobbing, passerines
mob a predator by emitting repeated, loud, and easily local-
izable calls that recruit other con- and heterospecific indi-
viduals (Curio et al. 1978; Hurd 1996; Forsman and
Monkkonen 2001; Baker and Becker 2002; Krams and
Krama 2002).

Most of these alarm call systems are primarily denoted to
conspecific receivers. However, this may represent a study
bias because communication networks exist and have been
under research in the last decades, mainly with an emphasis
on conspecific communication networks (Dabelsteen 2005;
McGregor 2005; Matessi et al. 2008). Interspecific informa-
tion transfer within animal communities has recently re-
ceived much attention (e.g., Magrath et al. 2009a, b; Goodale
et al. 2010). Heterospecifics acquire information about
threat levels or predator types. However, it is yet unclear
whether these signals are explicitly addressed to both con-
and heterospecifics, or whether heterospecifics recognize
and make use of alarm calls by eavesdropping. Heterospe-
cific recognition has been studied in a variety of species
within and between animal classes (see e.g., Nuechterlein
1981; Ramakrishnan and Coss 2000; Randler 2006;
Magrath et al. 2007; Templeton and Greene 2007; Lea
et al. 2008; Fallow and Magrath 2010; Kitchen et al. 2010).

Heterospecific responses within animal classes have been
found, e.g., in different primate species (Hauser and
Wrangham 1990; Oda and Matasaka 1996; Ramakrishnan
and Coss 2000; Zuberbiihler 2000; Fichtel 2004), in bats
(Russ et al. 2004), or within the sciurids (Blumstein and
Armitage 1997). In birds, alarm calls of black-capped chick-
adees and tufted titmice (Parus bicolor) lead to an increase
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in vigilance in downy woodpeckers (Picoides pubescens—
Sullivan 1984) and western grebes (4dechmophorus occiden-
talis) eavesdropped on the alarm calls of Forster’s terns
(Sterna forsteri—Nuechterlein 1981).

Between animal classes, heterospecific alarm call recogni-
tion has been reported from vervet monkeys (Cercopithecus
aethiops) responding to alarm calls of superb starlings (Spreo
superbus—Hauser 1988; Seyfarth and Cheney 1990) and
hornbills (Ceratogymna elata and Ceratogymna atrata) dis-
tinguish between different primate alarm calls (e.g., terrestrial
vs. aerial predator—Rainey et al. 2004a, b). Miiller and
Manser (2008) reported that banded mongooses Mungos
mungo responded to alarm calls of three plover Vanellus
species suggesting that banded mongooses use heterospecific
alarms for predator avoidance but do not use additional infor-
mation provided in these signals (high vs. low urgency).
Vitousek et al. (2007) found even a response of a non-vocal
reptile to the alarm calls of a bird.

A recent study showed that heterospecifics are unable to
recognize subtle differences between contact and mobbing
calls from chaffinches (Fringilla coelebs) but rather assess
urgency by the number of elements (Randler and Forschler
2011). Heterospecific alarm call recognition may be facili-
tated—at least partially—by a similar structure of different
species’ mobbing calls (Ficken and Popp 1996; Hurd 1996;
Johnson et al. 2003; Magrath et al. 2007; Fallow and
Magrath 2010). However, heterospecific recognition can
be based on both, an innate component and learning (see
e.g., Ramakrishnan and Coss 2000; Shriner 1999; Magrath
et al. 2009a; Fallow et al. 2011). Johnson et al. (2003) found
an anti-predator response to unfamiliar calls of an allopatric
species, while blue-gray tanagers (Thraupis episcopus) did
not respond to unfamiliar mobbing calls (Nocera et al.
2009).

Most North American species of the family Paridae use a
similar alarm-calling system, comprised of risk-based
predator-mobbing alarms (chick-a-dee calls, with variation
in D numbers) and distinct “seet” alarm calls to label aerial
predators in flight (Langham et al. 2006; Templeton and
Greene 2007; Sieving et al. 2010). Following Langham
et al. (2000), this parid call system seems highly conserved
and even works in allopatric taxa of the Paridae. In detail,
the number of D notes of black-capped chickadee calls are a
pattern that encodes threat (Templeton et al. 2005), and is a
graded signal that informs conspecifics about the presence
of a predator in Carolina chickadees (Soard and Ritchison
2009; Bartmess-LeVasseur et al. 2010) and tufted titmice
Baeolophus bicolor (Courter and Ritchison 2010). There
was a strong inverse relationship between the number
of D notes per alarm call and the wingspan of raptors
and predator body length, with the smallest predators
eliciting calls with the most D notes (Templeton et al.
2005; Courter and Ritchison 2010). These mobbing calls of
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black-capped chickadees attract both, con- and heterospecific
sympatric species (Hurd 1996; Turcotte and Desrochers 2002;
Templeton and Greene 2007).

Apart from situations in a predator-related context, more
D notes within a call lead to a higher recruitment (measured
as latency to take food; Mahurin and Freeberg 2009).
According to their note composition (e.g., the detailed com-
position and variation of the “chick-a-dee”), these various
calls are given in situations of mild alarm, as contact calls
for the pair and flock and in coordinating group movements
(Ficken et al. 1978).

As mobbing calls within the family Paridae seem highly
conserved (Langham et al. 2006), here I tested, whether
these mobbing calls are innate versus learned by comparing
alarm/mobbing calls from an allopatric taxa with their
respective song, and I assessed the possible phylogenetic
conservation of the chickadee alarm call system. In this
study, chick-a-dee alarm/mobbing calls were broadcast to
great tits Parus major in Central Europe and compared with
their own conspecific mobbing call and the heterospecific
song of the chickadee to control for novelty. Furthermore,
the relationship between the number of D notes and the
response was assessed.

Materials and methods

Great tits were used as focal species because they show a
mobbing response during large—if not all—parts of the year
(e.g., January until July—Hinde 1952). In a previous study,
great tits were identified as one of the strongest responders
to mobbing calls of a sympatric heterospecific species
(Randler and Forschler 2011). Black-capped chickadee
alarm calls and songs were obtained from the xeno-canto
database (www.xeno-canto.org) and the website of the Uni-
versity of Washington. Great tit playbacks were obtained
from own recordings, the xeno-canto database, and from
Schulze (2003). I obtained vocalizations from 4 different
individuals for song playback (frequency range approxi-
mately between 3 and 4 kHz; Ratcliffe and Weisman
1985), of 11 individuals for chick-a-dee playbacks, and of
4 different great tits for conspecific mobbing playbacks. The
calls and songs were digitally edited to minimize disturbing
noises using Avisoft SASLab Pro 4.3 (Raimund Specht). All
chick-a-dee calls were used in their natural sequence (that is,
all chick-a-dee calls contained all the elements but D notes
were varied), but additionally, some calls were manipulated
to obtain an equal number of playbacks (e.g., if a 5 D call
sequence was needed, a 6 D call sequence was shortened by
1 D note by removing alternatively the last D note or one in
the midst). Afterwards, the calls were copied to an analo-
gous tape using a Grundig 437 CD player and AIWA CX-
Z87TM cassette recorder to produce the playback tapes. Calls

were broadcast using a small portable SuperTech MCR 103
cassette recorder at about 76 (72—79) dB measured at 1 m
from the loudspeaker using a PeakTech 5035 sound level
meter. All stimuli were standardized on 5 min (which was
the observation time). Three different playback tapes were
constructed for each example and broadcast four times
(thus, leading to a total of 12 playbacks of 1 D note, 12
playbacks of 2 D notes, ...). This lead to a total of 120
playbacks with chick-a-dee calls (1, 2, 3,4,5,6,7,8,9, 11
D notes, respectively), of 16 playbacks of the “fee-bee”
song of the black-capped chickadee (of four different stim-
uli), and of 14 playbacks of 4 conspecific great tit calls
(“churr” calls) which served as a positive control. The
number of playbacks was not equalized because two differ-
ent questions were addressed. First, the differences between
song, conspecific and heterospecific alarm calls were tested
(and the number of song playbacks and conspecific play-
backs were sufficient to obtain an effect), and in the second
question, the number of D-syllables were varied, leading to
a higher sample size of chick-a-dee alarm calls. The play-
backs were broadcast to 150 different individual great tits:
14 were tested with conspecific playback, 120 with chicka-
dee calls, and 16 with chickadee songs. The datasets are
independent, i.e., every subject was tested only with one of
the three stimuli. The study area is large (about 90 km?) and
easy accessible by roads and trails, and I worked in more
than 20 different parts of it to avoid using an individual tit
more than once. Playback sites were separated by more than
500 m, but as the individuals were not marked, sampling the
same individual twice would be possible but unlikely. Every
trail was walked only once and covered during the same day.

Trials were conducted between February 16, 2011 and
April 1, 2011 and between 0830 and 1400 hours. These
dates correspond to the beginning of the territorial phase
of great tits, but ended well before the mean date of egg-
laying (Holzinger 1997). Seasonal effects might have an
influence on the response of tits but the playbacks were
evenly distributed across the study period to avoid that,
e.g., the territorial song of the chickadee would have been
used in February and the alarm call in March. Broadcasting
of playbacks started when there was a sequence of 5 min
where no alarm or mobbing calls of the target bird had
occurred. A focal great tit was selected when it was approx-
imately 30 m away. Observations were made from a dis-
tance of 40 m from the playback source and there was no
obvious influence on the birds’ behavior. The approach of
the individual great tit (yes/no) and the minimum distance to
the playback source was recorded. The basis of the analysis
was playback site and each playback site was used only
once. The distance between the different playback sites was
far enough (at least 500 m) to minimize that a responding
individual contributed more than once to the analyses. Play-
backs were made in the Odenwald region of mixed
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deciduous forest northeast of Heidelberg, SW Germany. The
song of the black-capped chickadee was used to control for
novelty, i.e., to secure that the great tits do not simply
respond to any novel sound.

For analyses, different approaches were used. First,
chick-a-dee calls were compared with song and conspecific
mobbing. A chi-square test based on the crosstab function in
PASW 19.0 was used for this analysis, and data on conspe-
cific alarm calls and on fee-bee song were skewed; there-
fore, non-parametric tests were used when comparing the
three groups. Second, chick-a-dee calls were grouped arbi-
trarily into three groups: 1-4 D elements (N=48), 5-7 D
elements (N=36), and 8-11 D elements (N=36), suggesting
a three different threat level. The general linear mixed mod-
els accounted for the four trials for each stimulus by using
the “stimulus” and the “source” from which the original
sounds were obtained as a random factor (stimulus nested
within source). This accounted for the fact that all stimuli
have been used four times and that some original sources
were used more than once (see for similar methods, e.g.,
Barrera et al. 2011). Finally, the response was calculated as
mean for each D playback. PASW 19.0 was used for analysis
and the alpha-level was set at 0.05 (two-tailed).

Results

During the 14 conspecific playbacks (“churr” calls), all 14
great tits approached the speaker, and during the heterospe-
cific “chick-a-dee” playbacks, 76 individuals (63.3%)
approached the speaker and 44 did not, while during the song
(“fee-bee”) playback, only 5 (31.3%) out of 16 individuals
approached the speaker. This was significantly different (y2=
15.1, df=2, p=0.001). There were significant differences in
minimum approach distance to the speaker among conspecific
mobbing calls, allopatric mobbing calls, and allopatric song
(Kruskal-Wallis test x2=32.29, df=2, p<0.001, Fig. 1).
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Fig. 1 Minimum approach distances of great tits to the playback loud-
speaker. Playbacks included conspecific mobbing calls (“churr”), allopatric
mobbing calls of black-capped chickadees, and allopatric song (“fee-bee”)
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Minimum distances of great tits were lower during conspecific
calls (“churr” calls) compared to allopatric chick-a-dee calls
(Mann—Whitney U'test, Z=—4.743, p<0.001, N,=14, N,=120)
and to allopatric chickadee “fee-bee” song (Mann—Whitney U
test, Z=—4.653, p<0.001, N;=14, N,=16). Minimum ap-
proach distances were also lower when allopatric chick-a-dee
calls and chickadee song were compared (Mann—Whitney U
test, Z=—2.930, p=0.003, N;=120, N,=16). Thus, chick-a-dee
calls lead to a stronger heterospecific attraction of great tits
compared to the response toward chickadee song playback.
Using a general linear mixed model based on minimum
approach distance as dependent variable, playback tape/
stimulus nested within source as random factor and number
of D elements as fixed factor revealed a significant influence
of the number of dee elements (Fg 1190=2.86, p=0.004).
Using a general linear mixed model based on the groupings
of D elements revealed that great tits approached the speaker
on average down to (mean+SE) 20.0+1.8 m during play-
backs of 1-4 D elements, to 17.7+2.0 m during playbacks
of 5-7 D elements, and down to 11.54+2.0 m during playbacks
of 8-11 D elements (£,,7,=4.88, p=0.015). The number of
D-syllables was inversely related to minimum distance
(regression: F; §=9.20, p=0.016, N=10, R*=0.535, Fig. 2).

Discussion

Great tits responded more strongly towards the allopatric
chick-a-dee mobbing calls than towards the allopatric song
which seems a plausible response because the song of the
black-capped chickadee is usually directed towards conspe-
cifics and the mobbing calls are addressed at both con- and
heterospecifics. As expected, great tits reacted most strongly
towards their own mobbing calls. However, the response
that great tits showed towards the allopatric mobbing calls
was rather similar compared to the reaction of conspecific
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Fig. 2 Relationship between minimum approach distance and the
number of D notes in the chickadee mobbing calls
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playbacks of Parid mobbing calls in North America
(Templeton et al. 2005; Soard and Ritchison 2009; Courter
and Ritchison 2010), and great tits approached nearer to the
speaker the more D notes per call have been broadcast.
Thus, the urgency message encoded in these D notes was
perceived also by an allopatric but phylogenetically related
European species. This study is another one showing that
heterospecific recognition of alarm calls exists. In addition,
it is among the first studies addressing the issue of hetero-
specific responses of allopatric taxa (Nocera et al. 2009).
One aspect that should be considered is that the approach
effect might be a detection issue. However, as the individ-
uals approached the speaker, but minimum distance varied
significantly according to the D notes, it seems an urgency-
based response following the rule “more D notes—more
urgency” rather than being a detection issue. It would be
interesting to particularly investigate this effect in black-
capped chickadees because a recent study suggests that the
duty cycle may also be responsible for approach effects
(Wilson and Mennill 2011).

It is unclear whether the great tits perceived the mobbing
calls as mobbing calls or as food calls. In chickadees, both
calls attract conspecifics (Mahurin and Freeberg 2009), but
in one case, food intake is a result and in the other case,
mobbing results. It would be interesting to tease these two
aspects apart in a further study on heterospecific responses
of the great tits (by using both food calls and alarm calls).
This could be done with a 22 design varying both the calls
and the presentation of food. In this present study, only
alarm calls of the chickadees were used, and therefore, the
response could be considered as a response to alarm calls. In
addition, the great tits showed typical mobbing behavior as
response, such as using mobbing and/or alarm calls during
their approach towards the speaker or wing flicking, sup-
porting the suggestion that the heterospecific mobbing calls
were perceived as mobbing calls. Also, there was no food
provided in the vicinity of the playback sites. As the mob-
bing calls are loud, they impose a predation risk to the
signaler because they may attract other predators (see dis-
cussion about loud and soft calls in Krama et al. 2008). But
benefits may be that other individuals or species respond to
the loud mobbing calls and join a flock to mob a predator. In
addition, dominant individuals more often use loud calls
(Krams 2000) suggesting it is also a signal of quality.

One explanation may be that these calls are acoustically
similar as a result of calls retaining features from a common
ancestor (de Kort and ten Cate 2001). Thus, acoustic simi-
larity might facilitate heterospecific recognition. This could
be studied by using manipulations of alarm calls to test to
what extent which traits of the calls are responsible to elicit a
reaction. Fallow et al. (2011) proposed that acoustic simi-
larity can prompt responses to heterospecific alarm calls
regardless of experience. It would be interesting to repeat

the study with other European species and on other conti-
nents, e.g., in the Asia-Pacific region.

As a last explanation, we could assume that there is a
simple general rule in heterospecific alarm calling across
taxa: The more intense calling leads to more attraction. For
some species, it is known that sympatric heterospecifics are
more attracted to playback of mobbing calls with a higher
calling rate (e.g., Templeton and Greene 2007; Fallow and
Magrath 2010; Randler and Forschler 2011). This would be
interesting to test with original and experimentally manipu-
lated mobbing calls. However, as a cautionary note, Nocera
et al. (2009) found that tanagers did not respond to play-
backs of unfamiliar Poecile mobbing calls. Also, some
European species do not respond to each other’s mobbing
calls. This suggests that the “more threat/urgency evokes
more calling” rule is not a general pattern across all species
but might be more conserved in phylogenetically closely
related species.

As a conclusion, the allopatric response to mobbing calls
of black-capped chickadees by great tits shows that this
response is either a phylogenetically conserved recognition
mechanism within the family Paridae (Langham et al. 2006),
or it may be a general rule in heterospecific attraction “the
more intense calling represents higher threat/urgency.”
Future work should include different species of the Paridae
to assess differences in phylogenetic relationship and
inherited heterospecific recognition (de Kort and ten Cate
2001).
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