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Abstract Vocal individuality provides a method of per-

sonalization for multiple avian species. However, expres-

sion of individual vocal features depends on necessity of

recognition. Here we focused on chick vocalizations of

demoiselle, Siberian and red-crowned cranes that differ by

their body size, developmental rates and some ecological

traits. Cranes are territorial during summer, but gather in

large flocks during autumn and winter. Nevertheless, par-

ents keep feeding their chicks, even on winter grounds,

despite the potential of confusing their own and alien

chicks. Here we aimed to compare expression of indi-

viduality and sex in calls of three crane species between

solitary and gregarious periods of a chick’s life, and be-

tween species. We found significant individual patterns of

acoustic variables in the calls of all three species both

before and after fledging. However, only red-crowned

crane chicks increased expression of individuality sig-

nificantly after the fledging. Also, we found that chicks of

all three species significantly increased occurrence of non-

linear phenomena, i.e., irregular oscillations of sound-

producing membranes (biphonations, sidebands, and de-

terministic chaos), in their calls after fledging. Non-linear

phenomena can be a way of increasing the potential for

individual recognition as well as avoiding habituation of

parents to their chicks’ calls. The older chicks are, the less

their parents feed them, and chicks benefit from keeping

the permanent attention of their parents in the course of

early ontogeny.

Keywords Acoustic individual and sex features � Vocal
ontogeny � Begging calls � Chick’s vocal repertoire �
Demoiselle crane � Siberian crane � Red-crowned crane

Introduction

Individual and sex recognition is important for multiple

species, and vocal communication is a common way of

such recognition in birds (e.g., Falls 1982). Vocalizations

allow for recognition even over long distances or when

other ways of contact are not sufficient, e.g., in dense

vegetation or in the dark (Cavanagh and Ritchison 1987;

Neuchterlein and Buitron 1992; Aubin and Jouventin 1998,

2002; Aubin et al. 2000, Herting and Belthoff 2001;

Bourgeois et al. 2007; Cure et al. 2009).

The expression of individuality in calls is closely related

to the species biology. Outstanding expression of indi-

viduality in vocalizations has been reported for several

colonial species whose chicks are not attached to a fixed

nest site (e.g., penguins: Aubin and Jouventin 1998, 2002;

gulls: Mathevon et al. 2003; auks: Jones et al. 1987). On

the other hand, a poor expression of vocal individuality has

been shown for chicks whose parents can use topographical

cues to find their own chick (Aubin and Jouventin 2002;

Mathevon et al. 2003; Searby et al. 2004; Kolesnikova and

Klenova 2011). Also, vocal individuality can considerably

change in a certain period of a chick’s life. For example,
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when parents keep feeding their chicks after a nest depar-

ture, individual features may increase dramatically after

fledging (e.g., Beecher et al. 1981a, b; Falls 1982; Lefevre

et al. 1998; Insley et al. 2003). In this paper, we compare

the possibility of parent-offspring individual recognition in

three crane species. The cranes are a very good model for

studying vocal development, due to a dramatic change in

the social environment in early ontogeny. During the first

months of life, a chick stays with its parents on the family

territory, but after fledging it joins migratory and wintering

flocks. However, crane chicks depend on parental care all

this time, up to the spring migration (Johnsgard 1983;

Archibald and Lewis 1996; Meine and Archibald 1996).

The enhancing of individuality in calls during such social

changes was reported for red-crowned crane chicks (Kle-

nova et al. 2009), but was not studied for other crane

species. Here we are testing the hypothesis that vocal in-

dividuality of crane chicks increases during fledging for all

three studied species.

Also, apparently all adult cranes have strong sexual

vocal differences (Archibald 1976; Carlson and Trost 1992;

Bragina and Beme 2010, 2013), but it is still unclear how

well sexual differences are expressed in juvenile vocal-

izations, for example when they appear in ontogeny.

Besides temporal-frequency variables, nonlinear phe-

nomena are another mechanism for expression of indi-

viduality or sex in animal calls (James and Robertson

1985a, b; Fitch et al. 2002; Mathevon et al. 2003; Volodina

et al. 2006). In most cases, animal sounds are produced by

periodic or quasi-periodic oscillations of a sound source,

which, in case of birds, are parts of the syrinx. However,

aperiodic oscillations can replace or add to quasi-periodic

ones causing so-called non-linear phenomena (Fitch and

Hauser 2002). For example, if two tympaniform mem-

branes oscillate independently, interaction of two funda-

mental frequencies results in biphonations. If vibrations

become irregular, a deterministic chaos occurs. When one

of two independent frequencies is much smaller than an-

other one, it results in sidebands i.e., additional frequency

bands which are equal to the larger fundamental frequency

plus and minus the smaller fundamental frequency (e.g.,

Lavenex 1999; Fitch et al. 2002; Mathevon et al. 2003;

Volodina et al. 2006; Zollinger et al. 2008). Siberian crane

chicks have nonlinear phenomena in their calls, the oc-

currence of which increases substantially in the first

months as a chick grows (Kasirova et al. 2005). We suggest

that chicks of other crane species also use nonlinear phe-

nomena, but comprehensive analysis is needed to describe

occurrence of those in the course of ontogeny of various

species.

For this study, we analyzed vocalizations of three crane

species (Gruidae) which have similarly organized vocal

repertoires, but differ in their life traits. The demoiselle

crane (Anthropoides virgo) is the smallest crane, with adult

body mass of 2.5 kg. It spends winter in large flocks which

number thousands of individuals and, unlike other cranes,

prefers arid habitats (Archibald and Lewis 1996; Meine

and Archibald 1996). The red-crowned crane is one of the

largest cranes, with an adult body mass of 9 kg. A main-

land population of red-crowned crane inhabits wetlands

and spends winter in small flocks, which include no more

than a few tens of birds (Wang et al. 2011) and, hence, the

chance of confusion is smaller than in the case of demoi-

selle cranes. The adult body mass and size of wintering

flocks of Siberian cranes (Grus leucogeranus) places this

species in an intermediate position between the two pre-

vious ones (Johnsgard 1983; Meine and Archibald 1996).

For this reason, we hypothesize that demoiselle crane

chicks should develop stronger vocal individuality than the

other two species.

Here we (a) compare development of individual and sex

markers in calls of young demoiselle, red-crowned and

Siberian cranes in respect to dramatic changing of lifestyle

in chicks during the first 6 months of life. We predict an

increase of individuality after fledging for all three species,

and (b) estimate occurrence of non-linear phenomena in

calls of chicks of the three crane species from hatching to

fledging.

Materials and methods

Study objects

Our subjects were 33 crane chicks (11 chicks per species)

from hatching to 6 months of age: 8 males and 3 females of

demoiselle crane, 4 males and 7 females of red-crowned

crane, 7 males and 4 females of Siberian crane. Three

chicks were raised by their own or conspecific adoptive

parents and 30 chicks were human-raised in Oka Crane

Breeding Centre of Oka Biosphere State Nature Reserve

(Ryazan region, Russia). Chicks were kept with their par-

ents, in individual enclosures or in groups of 2–8 con-

specific chicks. All chicks were sexed independently by

two laboratories with DNA PCR-amplification (Griffiths

et al. 1998) and individually marked with color leg rings.

Call recordings

We recorded calls during 2003–2014, in the morning or in

the evening, during periods of high activity of the cranes.

Each recording session lasted 10–75 min. The distance to

chicks varied from 1.5 to 3 m for human-raised and from 3

to 15 m for parent-raised chicks. We used a Marantz PMD-

222 cassette recorder (D&M Professional, Kanagawa, Ja-

pan) during 2003–2005, and a Marantz PMD-660 digital
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recorder during 2006–2012, with a shotgun condenser

Sennheizer K6-ME67 (Sennheizer electronic, Wedemark,

Germany) or AKG C1000S (AKG-Acoustics Gmbh, Vi-

enna, Austria) microphone. During 2003–2005 we

recorded calls on cassettes and digitized them with Avisoft

SASLab Pro v 4.3 (�R.Specht) with a 48-kHz frequency

sampling rate. During 2006–2014, we used a Com-

pactFlash memory card with a 48-kHz frequency sampling

rate for recording.

Most chicks were recorded regularly from hatching to

6 months of age, but for this study we used only calls

recorded at two ages: 3–45 and 83–183 days of life. Age I

corresponds to the period of settled life when crane

families stay inside their breeding territories; age II cor-

responds to the period of autumn migration when cranes

join in flocks and parents need to recognize their own chick

from hundreds of strangers. As some chicks start flying

sooner than others, we did not use a period between 46 and

82 days of a chick’s life as it was a period of transition.

During this period, a chick could be either dependent on its

parents or starting migration, and we wanted to avoid

confusion. For each of the 33 chicks we have 1–10

recording sessions per age. For the following measure-

ments we randomly pick up the calls from all collected

recording sessions to avoid the effect of pseudoreplication.

Call analysis

We performed digitizing and acoustic analysis with Avisoft

SASLabPro v.5.1.23 (Avisoft Bioacoustics, Berlin, Ger-

many). Chick calls were downsampled from 48 to 11 kHz

with simultaneous anti-aliasing filtration. We created

spectrograms with a 1024-point Hamming window, frame

50 %, overlap 98.43 %, providing time resolution of

1.45 ms and frequency resolution of 11 Hz.

Previously calls of crane chicks were classified on trills

and chirps based on presence or absence of obvious pulse

structure. It is usually assumed that trills are comfort

signals, whereas chirps are signals of discomfort (Nie-

meier 1979; Budde 2001; Klenova et al. 2007, 2010, etc.,

Fig. 1). Demoiselle and red-crowned crane chicks’ chirps

can also be divided into two groups based on position of

their frequency maximum (Klenova et al. 2007, 2014).

We used in our study only chirps of demoiselle crane

chicks with two frequency maxima (Fig. 1a), chirps of

red-crowned crane chicks with a frequency maximum

located in the first half of the call (Fig. 1b) and all chirps

of Siberian crane chicks (Fig. 1c). Chirps are usually the

loudest and most common calls in the repertoires of crane

chicks, and look more convenient for long-distance

communication, so they served the best for the purpose of

our analysis.

At age II, some crane chicks could rarely emit calls with

two independent fundamental frequencies in a spectrum

where the highest one coincides with a ‘‘juvenile’’ fre-

quency and the lowest one with an ‘‘adult’’ frequency. The

appearance of such calls was considered as the beginning

of voice breaking in crane chicks (Klenova et al. 2007,

2010, 2014). This study is focused on analysis of only high

‘‘juvenile’’ crane calls.

We measured only best-quality calls without any noise.

For each chick we used 5–20 calls per period. In total, we

analyzed 1169 chirps of 33 crane chicks.

For chirps of all species, we measured the following set

of acoustic variables: the initial fundamental frequency

(F_beg), the maximum fundamental frequency (F_max),

the final fundamental frequency (F_end), the peak funda-

mental frequency (F_peak), the duration from the begin-

ning of a call to the point of maximum fundamental

frequency (Dur_Beg-Max), and the total duration of a call

(Dur_Beg-End) (Fig. 2). Also, for demoiselle and red-

crowned crane chicks we measured the fundamental fre-

quency at the point of extremum (F_bend), which separates

two parts of their specific-shaped chirps (Fig. 2a, b).

However, chirps of Siberian crane chicks lack such a clear

point of extremum. Therefore, in this species we measured

the frequency at the middle point between fundamental

frequency maximum and the end of a call (F_bend)

(Fig. 2c). Also, we measured the duration from the be-

ginning of a call to the point of extremum for demoiselle

and red-crowned crane chicks, or to the middle point be-

tween frequency maximum and the end of a call for

Siberian crane chicks (Dur_Beg-Bend; Fig. 2).

In crane chick calls we often registered various non-

linear phenomena, e.g., biphonations (Fig. 3a), sidebands

(Fig. 3b) or deterministic chaos (Fig. 3c) (e.g., Wilden

et al. 1998; Frommolt 1999; Riede et al. 2004; Zollinger

et al. 2008). Therefore, for all measured calls we noticed

also the presence or absence of non-linear phenomena.

Statistical analysis

To test interspecific differences in crane chicks’ chirps we

used one-way ANOVA with a Tukey HSD post hoc test on

Fig. 1 Spectrograms of chirps of (a) demoiselle crane chick (male

10, 6 days old), (b) red-crowned crane chick (female 13, 17 days old)

and (c) Siberian crane chick (male 9, 21 days old). Two calls per

chick are shown
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the mean values for each variable per chick (i.e., the mean

for each chick across the total 19–40 calls measured per

chick).

To test the effect of individuality on acoustic variables

of chick calls we used all recorded calls (353 of demoiselle

crane; 409 of red-crowned crane; 407 of Siberian crane),

5–20 calls per age per chick. To test the effect of sex on

acoustic variables of chick calls we equalized the number

of analyzed calls between sexes for every species in each

age, since the chick samples of each of the three studied

species contained unequal numbers of males and females.

In particular, we randomly excluded a number of calls from

the bigger sample of one of the sexes, so that samples of

both sexes became relatively equal (demoiselle crane: 32

male chirps and 34 female chirps at age I and 61 and 60 at

age II, respectively; red-crowned crane: 79 male chirps and

77 female chirps at age I and 67 and 70 at age II, respec-

tively; Siberian crane: 73 male chirps and 70 female chirps

at age I and 80 and 80 at age II, respectively). We used

forward stepwise discriminant function analysis (DFA) to

study cues to individuality and sex in calls of demoiselle,

red-crowned and Siberian chicks’ calls. The value of ran-

dom classification was calculated with a randomization

procedure (Solow 1990). Since we used the same number

of chicks of all three species, the same set of measured

parameters and the equalized number of calls in all sam-

ples, we compared the values of correct classification ob-

tained with DFA between ages and between species. The

correctness of classification was compared via Yates’s chi-

squared test (df = 1 in all cases).

To estimate the occurrence of non-linear phenomena in

chicks’ calls during development we calculated the per-

centage of calls containing non-linear phenomena in the

total call sample of each species in each age. To evaluate

interspecies and age differences in occurrence of non-linear

phenomena we performed a series of pairwise comparisons

via Yates’s chi-squared test (df = 1 in all cases).

The one-way ANOVA with post hoc Tukey HSD test, as

well as the forward stepwise DFA and Yates’s chi-squared

test were performed in STATISTICA 8.0 (Stat-Soft, Tulsa,

OK, USA). For the randomization procedure we used R

3.0.0 (� The R Foundation for Statistical Computing

2013). All tests were two-tailed; mean ± SD are reported

below; and we used a = 0.05.

Results

Development of individuality in crane chicks’ chirps

from hatching to fledging

The mean ± SD as well as minimum and maximum values

of temporal-frequency variables of crane chicks’ chirps of

each species are shown in Table 1 (the list of these values

Fig. 2 The set of measured acoustic variables for (a) demoiselle (male 21), (b) red-crowned (female 10) and (c) Siberian (male 5) crane chicks’

chirps

Fig. 3 Spectrograms of crane chick chirps with non-linear phe-

nomena: biphonations (demoiselle crane, male 1, 6 days old) (a),
sidebands (red-crowned crane, female 14, 142 days old) (b) and

deterministic chaos (red-crowned crane, female 4, 124 days old) (c).
For sidebands (b) the corresponding oscillogram is also shown
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for different individuals is shown in Supplemental

Tables 1, 2 and 3). The one-way ANOVA with Tukey HSD

post hoc test on the mean values for each measured tem-

poral-frequency variable per chick shows significant in-

terspecies differences in all measured variables of chirps

(p\ 0.05, Table 1). According to our results, values of all

fundamental frequency variables for red-crowned crane

chicks’ chirps were higher than for demoiselle and Siberian

crane chicks (p\ 0.05, Table 1). We also found that

Siberian crane chicks had the longest duration from the

beginning of a call to the point of fundamental frequency

maximum (Dur_Beg-Max) as well as the value of Dur_-

Beg-Bend. At the same time, demoiselle crane chicks’

chips were the shortest in all of the measured temporal

variables (Table 1).

DFA resulted in 73.7 % of correct assignment of chirps

to the individuals of demoiselle crane chicks at age I,

which is significantly higher (p\ 0.001) than the random

value (Table 2). At age II, correct assignment to an indi-

vidual increased to 79.7 %, which was also significantly

higher (p\ 0.001) than the random value (Table 2).

However, values of correct assignment of calls to an in-

dividual at ages I and II did not differ significantly (chi

square = 1.45, p = 0.23).

For red-crowned crane chicks, DFA showed 76.9 %

correct assignment of chirps to an individual at age I. This

is significantly higher (p\ 0.001) than the random value

(Table 2). At age II, correct assignment to an individual

increased significantly up to 86.8 % (comparison between

ages I and II, v2 = 6.06, p\ 0.05), which was also sig-

nificantly higher (p\ 0.001) than the random value

(Table 2).

In Siberian crane chicks, DFA showed 72.5 % correct

assignment of chirps to an individual at age I, which was

also significantly higher (p\ 0.001) than the random value

(Table 2). At age II, correct assignment to an individual

increased up to 79.0 %, which was again significantly

higher (p\ 0.001) than the random value. However, the

difference between a correct assignment of calls to an in-

dividual at ages I and II was insignificant (comparison

between ages I and II, v2 = 1.96, p = 0.16), (Table 2).

The variables which contributed to individuality the

most differed a lot between species and ages, but the

maximum fundamental frequency (F_max) was always

among the most important (Table 2).

We also found that expression of vocal individuality was

relatively the same in chick calls of the three crane species

at both ages I and II. The values of correct assignment of

chirps to an individual in demoiselle and red-crowned

cranes did not significantly differ, either at age I or at age II

(v2 = 0.37, p = 0.55 and v2 = 2.98, p = 0.08, respec-

tively). The same pattern was revealed during comparisons

between demoiselle and Siberian cranes (v2 = 0.02,

p = 0.90 at age I and v2 = 0.00, p = 0.96 at age II), and

between Siberian and red-crowned cranes (v2 = 0.80,

p = 0.37 at age I and v2 = 3.87, p = 0.05 at age II).

It is interesting to note, also, that vocal signatures of all

crane chirps’ at age II were more diverse than at age I,

Table 1 The values of acoustic variables (mean ± SD and min–max are shown) of demoiselle, red-crowned and Siberian crane chicks’ chirps

Demoiselle crane (n = 353) Red-crowned crane (n = 409) Siberian crane (n = 407) F-ratio

p level

F_beg (kHz) 2.27 ± 0.23 (1.81–3.46)a 2.75 ± 0.35 (2.22–3.98)b 2.12 ± 0.26 (1.60–3.72)a F2,30 = 55.60

p\ 0.001

F_max (kHz) 3.26 ± 0.58 (2.29–5.03)a 3.80 ± 0.56 (2.71–5.29)b 2.82 ± 0.63 (1.88–5.57)c F2,30 = 20.52

p\ 0.001

F_bend (kHz) 2.47 ± 0.28 (1.83–3.35)a 3.00 ± 0.30 (2.36–3.78)b 2.59 ± 0.47 (1.86–4.17)a F2,30 = 18.16

p\ 0.001

F_end (kHz) 2.46 ± 0.32 (1.75–3.63)a 2.79 ± 0.22 (2.01–3.32)b 2.21 ± 0.37 (1.46–3.46)c F2,30 = 31.47

p\ 0.001

F_peak (kHz) 2.77 ± 0.34 (2.05–4.26)a 3.16 ± 0.32 (2.34–4.39)b 2.67 ± 0.51 (1.85–4.44)a F2,30 = 18.96

p\ 0.001

Dur_Beg-Max (ms) 34 ± 15 (4–95)a 97 ± 49 (23–282)b 148 ± 95 (19–601)c F2,30 = 28.85

p\ 0.001

Dur_Beg-Bend (ms) 56 ± 17 (23–122)a 154 ± 62 (43–382)b 229 ± 88 (30–657)c F2,30 = 49.59

p\ 0.001

Dur_Beg-End (ms) 184 ± 55 (81–333)a 303 ± 75 (158–540)b 323 ± 81 (158–744)b F2,30 = 35.51

p\ 0.001

Results of a one-way ANOVA (F-ratio and p-level) for interspecies comparisons are also shown

Values that did not differ significantly are indicated by the same superscripts (p[ 0.05 Tukey HSD post hoc test)
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contributing to an individual discrimination (e.g., in

Siberian crane—Fig. 4)

We also visualized the individual and sex differences in

multivariate space for all three species at both ages in

Supplementary Fig. 1.

Digital samples of chirp calls of all three species at both

ages are available on xeno-canto.org website: male 2 (file

codes XC217268 and XC217269) and male 5 (XC217271

and XC217272) for demoiselle crane, male 6 (XC217344

and XC217345) and female 10 (XC217342 and

XC217345) for red-crowned crane, male 10 (XC217348

and XC217349) and female 13 (XC217346 and

XC217347) for Siberian crane.

Development of sex features in crane chicks’ chirps

from hatching to fledging

The values of all measured acoustic variables broadly

overlapped between sexes at both ages in all three crane

species studied (Table 3), and sexual discrimination was

not reliable in most cases.

For demoiselle crane chicks, correct assignment of

chirps to sex was significantly higher (p\ 0.001) than the

random value only at age II (76.9 % versus 63.6 % at age

I), but values of correct assignment of chirps to sex did not

differ significantly between ages I and II (v2 = 3.09,

p = 0.08, Table 4). For red-crowned crane chicks, as-

signment of chirps to a sex was significantly higher

(p\ 0.001) than the random value at both ages I and II,

78.2 and 75.2 %, respectively. For Siberian crane chicks,

correct assignment of chirps to a sex at age I was 81.8 %,

and significantly higher (p\ 0.001) than the random val-

ue, but at age II it decreased to 60 % and was not sig-

nificant anymore.

Occurrence of non-linear phenomena in crane

chicks’ chirps from hatching to fledging

We found that in all three crane species, occurrence of

non-linear phenomena in chicks’ chirps significantly in-

creased from hatching to fledging (Yates’s chi-squared

test: p\ 0.001 for all three comparisons; Fig. 5). At age I

in demoiselle cranes, the percentage of chirps with non-

linear phenomena was significantly higher than in red-

crowned crane calls (v2 = 8.51, p\ 0.01), but did not

differ significantly with those of Siberian crane (v2 = 0.38,

p = 0.54). The percentage of non-linear phenomena in

red-crowned crane chirps was significantly lower than in

Siberian crane (v2 = 5.14, p\ 0.05). At age II, both de-

moiselle and red-crowned crane chicks showed an ex-

tremely high percentage of calls with non-linear

phenomena (98.4 and 96.4 % of total call sample, re-

spectively), but did not differ significantly from each otherT
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(v2 = 0.70, p = 0.40). Nevertheless, in demoiselle and

red-crowned crane chicks’ calls this value was significantly

higher than in Siberian crane chick calls (86.0 %)

(v2 = 18.12 and v2 = 12.47 respectively, p\ 0.001 for

both Yates’s chi-squared tests).

Discussion

Interspecies comparison of temporal and frequency

variables of crane chicks’ chirps

Siberian crane chicks showed the most low-pitched and

long chirps, whereas the calls of red-crowned crane chicks

were the most high-pitched. The chirps of demoiselle crane

chicks were the shortest. Such relationships between fre-

quency values of chirps are rather interesting. Fundamental

frequency in animal species usually correlates with the

body size (e.g., Würdinger 1970; Morton 1977; Ryan and

Brenowitz 1985; Ten Thoren and Bergmann 1986, 1987;

Ryan 1988) or, in birds, with the size of syrinx parts (e.g.,

Ten Thoren and Bergmann 1987; Fitch and Hauser 2002;

Suthers and Zollinger 2004). However, the fundamental

frequency of calls and body size are correlated only if the

size of body and syrinx are also correlated, which is not

always true (Fitch and Hauser 2002). Our results show that

the fundamental frequency values do not correspond to the

difference in body size of crane chicks. Moreover, vocal

development of crane chick calls does not match with

morphological growth of young birds’ bodies (e.g., Nie-

meier 1979; Klenova et al. 2010, 2014), syrinxes (Niemeier

1979), or tracheal elongation (Niemeier 1979; Fitch 1999),

because fundamental frequency does not change as much

as body mass does during first 6 months of life (Klenova

et al. 2010, 2014). In this paper we show additional evi-

dence of low reliability of fundamental frequency as the

acoustic correlate to body size to body size in animals.

Development of individual and sex markers in calls

of demoiselle, red-crowned and Siberian cranes

from hatching to fledging

We found strong significant individual differences in

acoustic variables of calls for all three species at both ages

(Table 2). We did not find any interspecies differences in

expression of individuality markers at either age. However,

at age II the expression of individuality in chirps of all

three species increased slightly. At age II, crane calls also

obtain some qualitative individually specific features in

their vocal signatures (Fig. 4). Such results correspond to a

previous study of vocal individuality in red-crowned crane

chicks (Klenova et al. 2009). Here we showed that two

other crane species enhance individual markers by the

autumn migration, though not as obviously as red-crowned

cranes.

The increase of individual feature expression in calls

during development of crane chicks agrees with the si-

multaneous increase of occurrence of non-linear

Fig. 4 Spectrogram of chirps of five Siberian crane chicks at two ages: age I, 3–45 days of life; age II, 83–183 days of life. Notice the

individually specific vocal signatures at age II
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phenomena that also happens during this period. It is ad-

vantageous to emit calls with strong individual markers for

exact recognition and soliciting of care from parents during

the dramatic change in a young crane’s lifestyle from a

sedentary life in a separate crane family to a gregarious life

in dense migratory flocks. The same enhancement of in-

dividuality occurs in many bird species (review: Falls

1982). For example, in bank swallows (Riparia riparia), as

well as in thick-billed guillemot (Uria lomvia), and in

pinyon jay (Gymnorhinus cyanocephalus) such enhancing

occurs not long before nest departure (Beecher et al. 1981a,

b; McAtrhur 1982; Lefevre et al. 1998). In all mentioned

species individual features in calls are almost absent in

early life, when chicks stay in the nest. But such features

began develop just during fledging, when chicks start to

intermingle with strange young birds while parents still

take care of their brood. In other words, the well-timed

development of cues of individuality in calls enhances the

parent’s ability to find and recognize their chick (Falls

1982). At the same time, the increase of individual feature

expression in crane chicks which we report can also be a

by-product of syrinx and trachea development. Ex-

perimental studies are necessary to confirm whether the

change of lifestyle is a primary reason for the increase.

We found very weak expression of sex markers in chick

calls in all three studied species and both age periods. The

range of measured acoustic values substantially overlapped

between both sexes in most tests (Table 3). Our results

correspond with previous studies of sex markers in the calls

of red-crowned chicks before fledging (Klenova et al.

2005). However, here we showed for the first time the lack

of sex differences in crane chick calls after fledging, too. In

addition, this study provides the first evidence of weak sex

differences in the calls of demoiselle crane chicks. At the

same time, adult cranes of various species possess strong

acoustic dimorphism (Archibald 1976; Bragina and Beme

2007, 2013; Klenova et al. 2008). We believe that sex

dimorphism, which is known for adult birds, develops later,

after voice breaking or sex maturation, i.e., at some point

between 6 months and 3–4 years of age (Meine and

Archibald 1996). It should be noted, however, that our

sample sizes were not very big. However, in the case of

adult cranes, sexual markers are expressed very well, and

have been found even for very small samples. For example

Bragina and Beme (2013) found them with four–six males

and females of white-naped cranes. This is why we discuss

the considerable difference between sexual vocal features

of adult birds versus chicks.

Occurrence of non-linear phenomena in crane

chicks’ calls from hatching to fledging

The occurrence of non-linear phenomena increased at age

II, i.e., after fledging, in all studied species, and reached up

to 98 %. This increase corresponds to a previous study

which has shown that occurrence of non-linear calls in the

repertoire of Siberian cranes increases dramatically during

the first 2.5 months of life (Kasirova et al. 2005). As stated

above, cranes’ gregarious lifestyle on migration and winter

grounds can promote enhancement of reliable recognition

between parents and chicks, since chicks still depend on

their parents. Non-linear phenomena contribute to the set of

individually variable parameters, as has been shown for

colonial gulls and penguins (e.g., Aubin et al. 2000; Len-

gagne 2001; Aubin and Jouventin 2002; Mathevon et al.

2003) and some mammals (e.g., Volodina et al. 2006).

Hence, non-linear phenomena increase call diversity, and a

potential of individual coding of calls.

On the other hand, fledglings can use non-linear phe-

nomena as a way of avoiding habituation of parents to their

calls. During a period of conflict between parents and

offspring (Trivers 1974; Krebs and Dawkins 1984), the

latter usually try to get extra care by manipulating their

parents, e.g., when juvenile animals imitate signals of

earlier stages of development to exaggerate their help-

lessness (Trivers 1974). Supporting this hypothesis, Fitch

and Kelley (2000) showed fast habituation of adult cranes

to invariable signals, and attenuation of a reaction to sig-

nals as a result. However, when the frequency call spec-

trum was changed, calls resumed attracting attention

immediately (Fitch and Kelley 2000). So, 6-month-old

cranes can use various non-linear phenomena of chirps to

manipulate their parents and maintain a high level of par-

ental attention to their needs.

So, in this study, we show that chicks of three crane

species enhance vocal individuality in their calls by the

Fig. 5 The changes in occurrence of non-linear phenomena in calls

of demoiselle, red-crowned and Siberian crane chicks from age I

(white boxes) to age II (dark boxes). N the number of calls included in

analysis for certain species in certain age
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time of autumn migration. Chicks enhance expression of

individual features in temporal-frequency variables, in-

crease occurrence of non-linear phenomena, and diversify

their vocal signatures. Calls with strong individual markers

may provide an evolutionary benefit in terms of a pro-

longed period of parental care during parent–chick conflict.
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