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INTRODUCTION

In the last decades, bioacoustical methods were developing quickly
and showed their applicability to solvation of both fundamental and
practical tasks. The call-based methods for species recognition and cen-
suses have proved their efficiency for many passerine and non-passerine
bird species (see review by Baptista, Gaunt, 1997).

Recently, along with monitoring and censuses of species, it became
possibly to conduct bioacoustical monitoring of individuals, i.e., to track
particular birds by their calls. Developing a method for individual call-
based monitoring is especially important for rare bird species. For the
bird tracking by their voices, it is necessary, at first, to reveal individu-
al features in calls, and, second, to investigate stability of these features
from year to year (Bomomms n mp., 2005).

In the case when individual characteristics are well expressed in calls
and remain intact throughout the life of a bird, we receive a possibility to
distinguish a certain individual reliably among others without capture,
marking or other traumatic procedures. Thus, sometimes the bioacous-
tical monitoring may be good alternative to common methods of bird
tracking (for example, ringing) and could be useful for thorough study-
ing the details of biology of some poorly investigated species (Volodina
et al, 2004).

It should be noticed that the individuality in call features was found
in a lot of bird species lacking external sexual dimorphism (e.g., Falls,
1982; Hausberger et al., 1991; Guyomarc’h et al., 1998; May, 1998; Aubin,
Jouventin, 2002; Volodina, Volodin, 2003). However, sustainability of in-
dividual characteristics in bird and mammalian calls from year to year
was examined only in a few studies, results of which are contradictory
as a rule (Jorgensen, French, 1998; Reby et al., 1998; Delport et al., 2002;
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Bosomye, Marpocosa, 2004; Chulkina et al., 2006). Meanwhile, chances to
record a few calls from a given individual and to use them throughout
the following years for tracing its movements, nesting conservatism or
breeding success seem very attractive.

In addition to monitoring individual birds, the second important di-
rection of bioacoustical research is focused on sexual differences in calls of
bird species lacking external sexual dimorphism. Information concerning
sexual differences in calls may be useful both for noninvasive bioacoustical
sexing of captive birds and for receiving information about sex ratios in cen-
suses of wild populations (Carlson, Trost, 1992; Nuechterlein, Buitron, 1992;
Smith, Jones, 1997; Klenova et al., 2004; Volodin et al., 2003; 2005a; 2005b).

The object animal of this study was the red-breasted goose (Branta
ruficollis). The red-breasted goose is the species lacking apparent sexual
dimorphism both in size and coloration. During the nesting period, the
birds could be relatively easily sexed according to their behaviour, while
in non-breeding period sexing appears to be almost impossible without
capture (Volodin, 1990a; 1990b). The problem of noninvasive monitoring
is topical for this species, because this is the rare species with its breeding
grounds restricted to Russia. In the 1980s, population number of this spe-
cies in nature decreased abruptly from 75 000 to 30 000 birds (Kpmserko
u ap., 1983); however, by the late 1990s the number of the red-breasted
geese has increased up to 80 000 and continues to grow (Syroechkovski
Jr., 1995; 1999; Dereliev, 1998; Kharitonov, 2005).

The red-breasted goose is also an appropriate species for bioacousti-
cal monitoring, because this method is assumed to be especially effective
for the species nesting in small colonies with easily detected individual
territories and producing loud sounds. The red-breasted geese nest in
small colonies of up to eight pairs, the neighboring colonies often situated
up to 10 km apart, on the hills along shorelines of the tundra rivers near
the nests of the peregrine falcons (Falco peregrinus) and snowy owls (Nyc-
tea scandiaca) (Haymos, 1931; Quinn et al,, 2003; Kharitonov et al., 2005).
The birds of both sexes, especially males, often produce loud two-syllable
calls, using them for mobbing Arctic foxes, dogs and humans (S.P. Khari-
tonov, J.I. Kokorev, J.L. Quinn, pers. comm.). The red-breasted geese also
often produce loud two-syllable calls in captivity, especially in spring,
during the breeding season (Volodin, 1990c).

Therefore, these calls of red-breasted geese could be easily recorded in
the wild without disturbance of birds, and small colony sizes allow reli-
able distinguishing of the caller’s personality. For the red-breasted goose,
bioacoustical monitoring can answer the following questions: whether
pairs return to their former nests, whether pairs bonds are maintained
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for years, and whether young birds return to their “parental” colonies or
disperse to the new nesting grounds.

However, the only way to develop a method for individual identifica-
tion is gathering records from the same individuals from year to year. As
a rule, it is possible only with birds kept in captivity or in semi-captive
conditions. This was the reason why our research was carried out on the
group of red-breasted geese kept for a few years in the Moscow Zoo.

The goals of our study were to compare the degrees of individual and
sexual differences in the loud two-syllable calls; examine the reliability
of individual identification of red-breasted geese throughout a few years;
and estimate possibility of bioacoustical monitoring for this species in
the wild.

MATERIAL AND METHODS

In the study we used calls from 36 adult red-breasted geese (22 males
and 14 females) recorded in Moscow Zoo throughout five breeding sea-
sons, from 1985 to 1989. Most of the birds (17 males and 13 females) were
captured on Taimyr Peninsula, the rest 5 males and a female were descen-
dents of captive breeders. The geese were kept in separate groups of 4 to
17 individuals (for details see: Bomomms, 1991a; Volodin, 1992). All birds
were individually marked with the sets of colour leg rings. Birds were
sexed by cloak inspection and in some cases sexing was confirmed post
mortem.

For audio recording we used a Reporter-5P tape-recorder with MKE-2
condensed unidirectional microphone. This acoustic system provided
high-quality recordings from 50 Hz to 12 kHz. Loud, distant, two-syl-
lable calls of the red-breasted geese were recorded throughout a year, but
mainly in spring, before and during the breeding season. Spontaneous
calls were recorded during territorial displays. Calls of one pair often
stimulated vocalization of the neighboring pairs (Volodin, 1990c; Boso-
1vH, 1991b). Some calls were also recorded in the pair mates separated
during handling procedures (weighting, examinations, etc)). The males
produced sounds in both situations, whereas the females called mainly
in the latter. All the recordings were made outdoors. The orientation of a
bird to the microphone varied both within and between the recordings;
the distance to a bird varied from 2 to 10 m.

Both digitizing (sampling frequency 22.05 kHz) and sound analyses
were made with Avisoft-SASLab Pro v. 4.2. (© R. Specht). Spectrograms
were computed with Hamming Window, a FFT length of 512 points, a
frame of 50 %, and an overlap of 93.75 %. These settings provided a band-
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width of 112 Hz, a frequency resolution of 43 Hz and a time resolution of
1.5 ms. In total, we analysed 1328 calls, from 2 to 141 per individual.

For the spectrogram analysis, after high-pass filtration at 500 Hz for
background noise removing, we used the “automatic parameter measure-
ments” option for power parameter set extraction. Both in the single and
mean power spectra (in our case, the single time window is equal to 1.5
ms), this option allowed us to measure the frequency of maximum ampli-
tude, bandwidth on the level of -10 dB below the maximum amplitude and
three quartiles of a spectrum, the lower, middle and upper ones (the fre-
quencies delimiting from above 25, 50 and 75 % of the total power energy,
respectively) (Fig. 1). In addition, for each power spectrum, the entropy,
allowing the quantitative estimation of noisy and harmonic energy in a
power spectrum, was measured. The entropy was automatically calculated
as a ratio of geometrical-to-arithmetical mean; its value varied from O (for a
pure tone) to 1 (for a white noise).

For each two-syllable call, 55 parameters were measured: intersyllable
interval and 27 parameters for each of two syllables:

1) Two temporal parameters: overall duration and duration from the
beginning of a syllable to the point of maximum amplitude;

2) Seven parameters of mean power spectrum of a syllable: frequen-
cy of maximum amplitude, bandwidth, three quartiles, entropy, and the
dominant frequency range;

3) Two parameters for each of 9 single power spectra, taken auto-
matically with equal intervals from the beginning to the end of a syllable
(Fig. 1): frequency of maximum amplitude and middle quartile.

We did not measure fundamental frequency values, because in many
two-syllable calls the fundamental frequency was masked by numerous
nonlinear phenomena, mainly by deterministic chaos and sidebands (see
Fee et al, 1998; Larsen, Goller, 1999; Lavenex, 1999). Therefore, we took for
estimation of structural variability only temporal and power parameters,
measurable in calls of any structure. As a rule, birds produced bouts of up
to a few dozens of two-syllable calls. However, intercall intervals between
the two-syllable calls were not measured, because a few birds often called
simultaneously. Thus, during recording sessions we commented identity
only for separate calls, not for entire bouts.

For statistical analyses, we used methods of multivariate statistics
(one-way ANOVA, discriminant and cross-validation analyses). As long
as the results of discriminant analysis are strongly dependent on the dif-
ferences in group samples (Titus et al., 1984), for analysis of individual
and sexual differences we formed equal samples for each group with ran-
dom selection of values from the entire data pool.
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Parameter measurements taken from the two-syllable call of the red-
breasted goose.

A (spectrogram): Dur_1 - duration of the 1 call syllable; Dur_2 - duration of the
27 call syllable; (Dur_Int) - intersyllable interval; 1-9 - measurement points of the
single power spectrum parameters;

B (mean power spectrum): pf - frequency of maximum amplitude; bw - band-
width -10 dB from maximum amplitude; q25 - lower quartile of the spectrum;
q50 - middle quartile; q75 - upper quartile.

VIsmepsiemble TTapaMeTPHI B By XyAapHOM KprKe KpacHO30007T Ka3apK.

A (cmextporpamma): Dur_1 - 17TuTeIBHOCTB TIepBOro cjlora Kpuka;, Dur_2 - mim-
TEJIBHOCTh BTOPOTO CJjiora Kpwmka; Dur_Int - [InTelIbHOCTh MHTEpBaa MeXIy
TIepBEIM U BTOPBIM cjloramu; 1-9 - MecTa M3MepeHUIT ITapaMeTpOB TOUeYHbIX SHep-
TeTIYIeCcKVIX CIIeKTPOB;

B (sHepreTvrdeckut criekTp): pf - JOMMHAHTHAs YacTOTa; bw - IIMpUHa 4aCTOTHO-
ro nuka Ha yposHe -10 nb oT MakcuMaIbHOV aMIUIUTYABL 25 — HVDKHAS KBap-
TwIb ciekTpa; 50 - cpeHaAsa KBapTuiIb; 75 — BepXHss KBAapTUJIb.

We included into analysis on individual variability the calls recorded
from 22 birds (17 males and 5 females), 16 to 20 calls per bird, and 430 calls
in total. In cases when the number of calls from a bird exceeded 20, selection
was made accordingly to the principle of maximum diversity. For example,
if calls of a given bird were recorded in more than one breeding season, we
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included into a sample the equal number of calls from each year (i.e, if the
calls were recorded during two years, the sample was comprised of 10 calls
recorded in the first year and 10 calls recorded in the second year).

We included into analysis on sexual variability the calls recorded
from 22 males (three calls per male) and from 12 females (4-5 calls per
female), 125 calls in total. For this analysis also, calls were selected ac-
cordingly to the principle of maximum diversity (for example, in the case
when calls of a given male were recorded throughout three years, we in-
cluded 1 call per year into the sample).

For analysis of stability in calls through years, we used only male
spring calls, and only from males with no less than 4 recorded calls per
spring. To find the better way of individual identification in the following
years, we applied two approaches of preparing samples for cross-valida-
tion procedures. With the first approach (successive), we counted discrim-
inate functions for calls recorded during a given year, and then used these
functions for discrimination of calls recorded in the following year. With
the second approach (cumulative), we counted discriminate functions for
pooled samples for calls recorded during a few sequential years, and used
them for discrimination of calls recorded during the following year.

To calculate random values for correct assignment percentages of dis-
criminant analysis, we applied randomization procedure (Solow, 1990)
that allows considering that some parameters may not be entirely inde-
pendent. To run the randomization procedure, we created randomization
groups, equal to the number of groups included into discriminant analy-
ses and consisting of the equal number of calls randomly selected from
each individual (for the analysis on assignment to individual) or for each
sex (for the analysis on assignment to sex). After that, we conducted dis-
criminant analysis forward stepwise procedures for probability of cor-
rect assignment of calls to randomization groups and took their results as
random values for assignment to individual and to sex, respectively. Dif-
ferences between the random and actual values of the correct assignment
were tested with 2x2 y? test.

All statistical analyses were made in STATISTICA, v. 6.0 (StatSoft, Inc).

RESULTS

Individual differences in two-syllable calls

We included into analysis on individual variability calls recorded from
22 birds (16 to 20 calls per bird, 430 in total). ANOVA showed highly signifi-
cant individual differences for all 55 parameters of the two-syllable calls.
The greatest individual differences were found in the following param-
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eters: intersyllable interval (F,,,, = 75.07); duration of the second syllable
(F

sa0s = 41.14), and duration of the period from the beginning of the second

syllable to the point of maximum amplitude (F,, ,,,= 25.58); all differences

were significant (p < 0.001). Average values of some parameters of the two-
syllable calls of 22 individual red-breasted geese are given in Table 1.

Table 1

Values (mean * SD) of the two-syllable call power and temporal parameters for
22 red-breasted geese and results of ANOVA analysis for individual differences
Tabamma 1

3HaueHms (cpemHee + SD) TapaMeTpoB ABYXyIapHBIX KPUKOB 22 KpaCHO300bIX Ka-
3apOK ¥ Pe3ysIbTaThl MeXVH/IVBU/IYaTbHOIO CpaBHeHMS TPV ITOMOIIV OTHOMaK-
TOPHOTO JMcIiepcroHHOro aHamsa (ANOVA)

Individual / Oco6b N [ Dur_Int, ms | Dur_1, ms | Dur_2, ms | pf_meant, pf_mean2,
kHz kHz
Male 1/ Came 1 20 219+18 7548 105411 2.78+1.43 2.63+1.08
Male 4 / Camel 4 20 106449 82+11 195440 2.47+0.96 3.14+1.02
Male 5/ Camey 5 20 212426 777 10410 2.57+1.06 2.52+0.76
Male 7 / Camel, 7 20 168+34 82+7 108417 2.53+0.75 2.54+0.96
Male 8 / Camey, 8 20 118425 8247 8513 2.10£0.32 217+0.54
Male 9 / Camey 9 20 13825 8316 10410 2.96+1.17 2.98+1.32
Male 10 / Camey 10 20 295+42 79+10 93+12 3.38+1.25 3.08+1.27
Male 12 / Camey, 12 20 169+15 7148 917 1.99+0.79 2.02+0.98
Male 15 / Camey 15 20 32531 8319 140+30 217017 2.31+1.21
Female 19 / Camka 19 18 124155 9048 113435 2.00+0.52 2.02+0.46
Female 23 / Camka 23 20 135+16 98+7 156+16 1.65+0.26 1.78+0.72
Female 28 / Camka 28 20 152428 7810 9749 2.52+1.20 1.90+0.81
Male 31/ Camey, 31 16 288+55 89+5 133+13 2.23+0.23 2.12+0.19
Male 41/ Camey 41 20 235154 8247 11119 3.4041.31 2.94+1.07
Male 44 / Cameu 44 20 165424 92+13 120£21 2.75+1.03 2.95+1.55
Male 48 / Camel, 48 20 182433 9045 168+14 2.20+0.56 1.89+0.09
Male 49 / Camel; 49 20 172418 867 114£12 2.15+0.63 1.89+0.24
Male 101 / Camew 101 20 260+42 8416 132422 4.05+1.24 2.27+0.85
Female 107 / Camka 107 | 20 88+15 79411 10121 1.97+0.30 2.45+0.30
Female 110 / Camka 110 16 179440 93412 137417 2.0040.21 2.15+0.55
Female 113/ Camka 113 | 20 86119 8015 148+19 2.17£0.25 1.97+£0.40
Male 118 / Camey, 118 20 169431 89+5 104+14 2.15+0.53 2.86+1.38
ANOVA p<0001 | p<ooot | peotot | p<o00i | peooor

Notes: N - number of calls; Dur_Int - intersyllable interval; Dur_1 and Dur_2 - durations
of the 1 and 2" syllables; pf_meanl and pf_mean2 - frequencies of the maxi-
mum amplitude of the 1*t and 2" call syllables.

IIpum.: N - uncnno kpukos; Dur_Int - nymrensHOCTh MHTepBaia Mexay ciaoramu; Dur_1
Dur_2 - njmrenpHOCTM IIepBOro U BToporo cjioros; pf_meanl n pf_mean2 - gac-
TOTBI MaKCVIMaJTbHOV aMIUIUTY/IBI IIEPBOTO 1 BTOPOTO CJIOTOB.



Opmuu PA3SIOEN 29

Discriminant stepwise analysis based on 50 of 55 call parameters
showed 85.6 % correct assignment to individual, which was significant-
ly higher than the random value (14.7 %) calculated with randomization
procedure (y>=429.8, df=1, p <0.001). Individual scores of discrimina-
tion varied from 66.7 to 100 % (Table 2). Four parameters, in order of de-
creasing importance, have mainly contributed into discrimination: the
intersyllable interval, duration of the second syllable, the lower quartile

Table 2

Assignment of red-breasted goose calls to a correct caller on the basis of stepwise
discriminant and cross-validation analyses

Tabamma 2

IpuurciieHne KPWKOB KpacHO300BIX Ka3apoK K JAaHHOV OCOOM Ha OCHOBe
TIOIIArOBOTO AMCKPYMIMHAHTHOIO U KPOCCBaJIMAALIVIOHHOTO aHaJIN30B

Discriminant analysis Cross-validation analysis
Individual [MCKPUMUHAHTHBIA aHanus3 KpoccBanuaauMoHHbIit aHanu3
Ocobe N Correctly classified N Correctly classified
MpaBunbHo npuymncneHo (%) MpasunbHo npuyncneHo (%)

Male 1/ Camey 1 20 80 121 39.7
Male 4 / Camel 4 20 95 52 50
Male 5 / Camew, 5 20 70 111 39.6
Male 7 / Camev, 7 20 80 49 30.6
Male 8 / Camey 8 20 100 56 4
Male 9 / Camel, 9 20 90 58 36.2
Male 10 / Camey 10 20 75 97 62.9
Male 12 / Camey, 12 20 85 14 571
Male 15 / Camey 15 20 95 6 66.7
Female 19 / Camka 19 18 66.7 0 0

Female 23 / Camka 23 20 90 54 87
Female 28 / Camka 28 20 90 64 29.7
Male 31/ Camel 31 16 93.8 0 0

Male 41/ Camev, 41 20 65 83 337
Male 44 / Camel, 44 20 75 1 0

Male 48 / Camel; 48 20 95 1 100
Male 49 / Camel; 49 20 80 8 375
Male 101 / Cameu 101 20 85 7 28.6
Female 107 / Camka 107 20 95 26 76.9
Female 110 / Camka 110 16 875 0 0

Female 113 / Camka 113 20 100 9 66.7
Male 118 / Camey 118 20 90 3 66.7
Total / Beero 430 85.6 820 48.2

Notes: N - number of calls.
IIpum.: N - 94ncsio KpUKOB.
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of mean power spectrum of the first syllable, and duration of the first syl-
lable. Figure 2 illustrates individual differences in the structure of two-
syllable calls of six male red-breasted geese.

To validate results of discriminant analysis, we conducted cross-vali-
dation analysis. With cross-validation analysis, discriminant keys derived
from one sample (training data set) are used for classification of another
sample (testing data set). We used as a testing set the rest 820 two-syllable
calls recorded from 22 individuals, subjected to analysis on individual
call differences (Table 2). The cross-validation analysis showed the lower
correct assignment of 48.2 %, which nevertheless exceeded significantly
the random value (y?= 1351, df =1, p < 0.001).
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Fig. 2. Individual differences in two-syllable calls of six male red-breasted geese
(one call per male). Note the differences in intersyllable intervals and du-
rations of the 1*t and 2" syllables.

Puc. 2. VIagusuayanbHble pasiidysl B ABYXYHAPHBIX KpWKaxX INeCTV CaMIIoB
KpacHO300BIX Ka3apoK (II0 OIHOMY OT Kaxzioro). OOpaTuTe BHMMaHMe Ha
pas/ums B MeXCJIOrOBOM VHTepBaJIe U JIJINTEIbHOCTSIX IIEPBOro 11 BTOPO-
T'O CJIOTOB.



Opmuu PA3SIOEN 31

Similar discriminant stepwise analyses on assignment to individual
were performed for each sex separately. For 17 males (1 = 336 calls), the
average correct assignment percentage was 89.0 % with random 30.1 %
(differences were significant, y2=239.7, df=1, p <0.001); cross-validation
with the rest 731 calls showed average correct assignment of 51.2 %. For 5
females (1 = 94 calls), discriminant analysis showed 98.9 % correct assign-
ment, with random value of 56.4 % (differences were significant, y = 46.6,
df=1, p < 0.001); cross-validation with the rest 89 calls showed 65.2 % cor-
rect assignment. The same parameter (intersyllable interval) had mainly
contributed into discrimination both in males and in females; duration of
the second syllable was the second in its contribution to discrimination
for males and the third for females.

Sexual differences in two-syllable calls

We included into analysis on sexual variability calls from 22 males (3
calls per male) and from 12 females (4-5 calls per female), 125 calls in to-
tal. ANOVA showed significant differences between sexes only for 45 of
55 parameters. The greatest differences between sexes were found in the
following parameters: upper quartile of mean power spectrum of the first
syllable (F,,,, = 56.32); upper quartile of mean power spectrum of the sec-
ond syllable (F,,,, = 55.98), and middle quartile of the third single power
spectrum of the first syllable (F, ., = 49.51); all differences were significant
(p <0.001). Average values for five parameters of two-syllable calls for
male and female red-breasted geese are given in Table 3.

However, discriminant stepwise analysis based on 19 of 55 call pa-
rameters has revealed virtually no sexual differences in two-syllable
calls of the red-breasted geese. Although the correct assignment to sex
was 87.2 % (Table 4), this value did not differ significantly from random
value (79.2 %) calculated with randomization procedure (y*=2.32, df=1,
p=0128). Four parameters, in order of decreasing importance, have
mainly contributed into discrimination: upper quartile of mean power
spectrum of the first syllable; middle quartile of sixth single power spec-
trum of the second syllable, bandwidth of mean power spectrum of the
second syllable, and entropy of mean power spectrum of the first syllable.
Cross-validation analysis conducted with the rest 1203 calls also showed
81.7 % correct assignment. This value did not differ significantly from the
random value of assignment to sex (y> = 0.33, df =1, p = 0.568).

Call stability through years
We used two approaches for analysis of call stability through years in
male red-breasted geese. With the first approach (successive), we calculat-



32 Kasarka 11(1) (2008)

Table 3

Values (mean * SD) of the two-syllable call power and temporal parameters for
male and female red-breasted geese and results of ANOVA analysis for sexual
differences

Tabamma 3

3Havenms (cpepgHee * SD) mapaMeTpoB IBYXyHAapHBIX KPMKOB CaMIIOB I CaAMOK
KpacHO300BIX Ka3apOK ¥ pe3yJIbTaThl MEXKIIOJIOBOTO CpaBHEHMS PV IIOMOLIV
0nHOaKTOPHOTO AucrepcroHHoro aHamsa (ANOVA)

N Dur_Int, Dur 1, Dur_2, pf_mean1, kHz | pf_mean2,
Sex/Ton ms ms ms kHz
Males / Camupl 66 193471 80+11 115426 2.73+1.05 2.50+0.98
Females / Camku 59 151181 85412 11731 2.15+0.54 2.150.61
F=9.61 F=7.05 _ F=14.72 F=54
ANOVA p<0.05 p<005s | FT01ms 1o 0001 p<0.05

Notes: ns - differences are non-significant; other abbreviations as in Table 1.
IIpmMm.: ns - pasIndns HeLOCTOBEPHEL, OCTaIbHbIe 0003HAUeHIs KaK B Tabie 1.

ed discriminate functions for calls recorded during a given year, and then
used these functions for discrimination of calls recorded from the same
individuals in the next year (Table 5). Discriminant stepwise analysis on
assignment to individual performed for each of four years (within-year clas-
sification) showed very high correct assignment scores ranging from 85.8 %
(1988 within-year classification for 12 males) to 100 % (1989 within-year
classification for 7 males) (Table 5). In all four within-year analyses, inter-
syllable interval and duration of the second syllable were those parameters
that mainly contributed into discrimination. A cross-validation analysis of
the calls recorded from the same birds in the next year was performed us-
ing discriminant cues calculated for the call samples of the previous years

Table 4

Assignment of red-breasted goose calls to correct sex on the basis of stepwise
discriminant and cross-validation analyses

Taoauma 4

ITpuuncienve KPUKOB KpacHO300BIX Ka3apoK K JaHHOMY IIOJIy Ha OCHOBe
IIOIIATOBOTO AVMCKPVMMMHAHTHOIO Y KPOCCBAIM/IALIVIOHHOIO aHaJIV30B

Discriminant analysis Cross-validation analysis
[UCKPUMMHAHTHBIA aHanu3 KpoccBanupaumoHHbIi aHanus
Sex/Mon N Correct classification (%) N Correct classification (%)
MpaBunbHO npuuncneHo, % MpaBunbHO NpuYmMcneHo,
%
Males / Camupbl 66 84.8 1029 80.7
Females / Camku 59 89.8 175 88
Total / Bcero 125 87.2 1204 81.7
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(1987 using cues of 1986, 1988 using cues of 1987, etc)). The analysis showed
remarkable decrease of assignment scores. For example, 1986 within-year
classification showed average 98.5 % correct assignment to caller in com-
parison to 68.0 % for 1987-1986 between-year classification (Table 5).

With the second approach (cumulative), we calculated discriminant
functions for pooled samples of calls recorded during a few successive
years, and used them for discrimination of calls recorded from the same
bird during the following year (Table 6). For pooled call samples, discrim-
inant stepwise analysis on assignment of calls to caller also showed very
high values of correct assignment, varying from 82.5 % (1985 + 1986 +
1987 + 1988 pooled-year classification for 14 males) to 98.2 % (1985 + 1986
pooled-year classification for 6 males) (Table 6). With one exception, in-
tersyllable interval and duration of the second syllable were again the
parameters with the greatest contribution into discrimination. Like the
successive approach, cross-validation analyses of the calls recorded in
the following year, performed using discrimination cues calculated for
pooled call samples of the previous years, showed remarkable decrease of
assignment scores (Table 6).

Comparison of these two approaches showed that their results were
the similar. However, cumulative approach resulted in somewhat higher
correct assignment scores than successive approach. This effect was ob-
served both for average values of between-year classification and for in-
dividual scores. For example, calls of male No. 41 showed 35.7 % correct
assignment for 1989-1988 between-year classification and 64.3 % correct
assignment for 1989-1985 + 1986 + 1987 + 1988 between-pooled-year clas-
sification (Tables 5, 6). It is possible, that such differences were conditioned
by the fact that, with the same number of individuals, the samples for
calculation of within-year classification values were always smaller than
those for calculation of pooled-year classification values. It is due to the ef-
fect that the larger number of individual calls included into discriminant
analysis provides better estimation of their individual variability.

It is evident from Tables 5 and 6, that, for some males, correct as-
signment values on the base of between-year and between-pooled-year
classifications were fairly high from year to year. For example, correct as-
signment of male No.1 calls resulting from cross-validation analyses was
always high and varied from 46.5 % (1987-1986 between-year classifica-
tion, Table 5) to 78.3 % (1989-1985 + 1986 + 1987 + 1988 between-pooled-
year classification, Table 6). The same pattern is evident in males No.5,
No.§, and partly, in male No.4, for which only data for the limited period
are available. On the other hand, cross-validation correct assignment val-
ues for male No.7 had never exceed 36.1 % (1988-1985 + 1986 + 1987 be-
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tween-pooled-year classification, Table 6) and sometimes declined to 0 %
(1987-1986 between-year classification, Table 5). Thus, calls of individual
males did differ in their capacity to be classified in the next year with
cross-validation analysis.

DISCUSSION

Comparison of the degrees of individual and sexual differences

of the loud two-syllable calls of red-breasted geese

Our data for the red-breasted geese showed that the individual dif-
ferences in two-syllable calls were well expressed, whereas the sexual
differences nearly lacked.

In captivity, red-breasted geese use two-syllable calls mainly in
spring, in the period of reestablishment of the former and formation of
new pair bonds after the period of winter inactivity. These calls were pro-
duced during self-advertisement displays and during call-overs among
pair mates having lost visual contact to each other (Volodin, 1990b; 1990c).
In nature, these calls were reported also as mobbing calls directed to hu-
mans, dogs, and Arctic foxes approaching the breeding colony (S.P. Khar-
itonov, J.I. Kokorev, J.L. Quinn, pers. comm.). Therefore, two-syllable calls
proved their function as long-distant vocalisations.

The presence of individual features in long-distant calls should have
an important adaptive significance, providing to conspecifics a possibil-
ity to recognize their social mates distantly and to change their behav-
iour adequately depending on the caller’s personality. Importance of
individual cues was confirmed by many playback studies, e.g. for black-
legged kittiwake Larus tridactylus (Wooller, 1978), bobwhite Colinus virgin-
ianus (Baker, Bailey, 1987), great tit Parus major (Weary, Krebs, 1992; Lind
et al, 1996), black-capped chickadee Parus atricapillus (Miyasato, Baker,
1999), black-headed gull Larus ridibundus (Charrier et al., 2001), king pen-
guin Aptenodytes patagonicus and emperor penguin A. forsteri (Aubin et al.,
2000; Lengagne et al., 2001; Aubin, Jouventin, 2002), etc.

Compared to individual, sexual differences were poorly expressed
and did not allow the discriminant analysis-based geese sexing. It seems
that two-syllable calls lack reliable cues to sex, and that sex recognition
in the red-breasted geese is based on the other acoustical and locomotory
characteristics. In spring, males show much greater activity in initiation
of various interactions, than females (Volodin, 1990a). Occasionally, we
registered mistakes in sex recognition resulted in formation of male-male
pairs in cases when low-rank males with low social activity were present
in a group. The male-male pairs included one active and one passive male
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(Volodin, 1990a). Another sex-specific peculiarity was that only male red-
breasted geese produced loud calls of another type, ‘one-syllable calls’,
during self-advertisement display in horizontal posture. In contrast, fe-
male geese adopted this posture only during triumph ceremony, accom-
panying it with female-specific triumph calls (Volodin, 1990b, 1990c). As
regards the two-syllable calls, female geese produced them considerably
rarely, and in other situations than males (Volodin, 1990c).

In spite of the fact that discrimination results did not differ from ran-
dom assignment to sex (Table 4), ANOVA showed significantly higher fre-
quency of maximum amplitude for male in comparison with female calls
(Table 3). This result is unusual, because the female body weight equaled
no more than 87 % of the male one throughout a year (Volodin, 1992), and
one could expect that the larger males have longer vocal tract, providing
lower frequencies of maximum amplitude (Fitch, Hauser, 2002). On the
other hand, the lower female frequencies of maximum amplitude in two-
syllable calls may be related not to the vocal tract resonances, but directly
to the functioning of sound source (syrinx), because previous data for the
other call types showed that mean female fundamental frequency was
lower than the male one. For example, male one-syllable calls recorded
during triumph ceremonies in this species showed nearly twofold higher
fundamental frequency (191 +0.03, n =40), than female triumph-calls
(1.10 £ 0.04, n = 22) (Volodin, 1990c). Similar sex differences were showed
also for mate-mate alarm duetting in the white-fronted geese Amnser
albifrons (Krechmar, 2003). These data allow us to assume that the red-
breasted geese have certain sex-related anatomical structures of the vocal
apparatus determining higher fundamental and/or maximum amplitude
frequencies in the larger sex (Johnsgard, 1961; Fitch, 1999).

Reliability of individual identification in male two-syllable calls and

possibility of bioacoustical monitoring of red-breasted geese in the wild

Our data suggest that individual features of male two-syllable calls
remained stable over years. It is indicated by the fact that identification
of the caller by its calls in the next year with discriminant analysis was
high enough, regardless the approach being applied (successive or cumu-
lative). On the other hand, calls of some individuals (for example, male
No.7) had no reliable cues allowing their correct discrimination in the en-
tire call sample in the next year.

The most important for encoding individuality were temporal param-
eters, such as intersyllable interval and duration of the second syllable.
These two parameters showed the highest individual variability (Table 1).
The intersyllable interval and duration of the second syllable made the
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greatest contribution into the individual discrimination both in the entire
five-year male-female call sample and in within-year male samples. These
temporal parameters were also essential for discrimination rate of the
calls through years. Prominent differences in temporal parameters are
evident even if the spectrogram patterns are visually compared (Fig. 2).

Large number of power parameters (50 of 55 used in the present
study) did not provide the expected effect for individual discrimination.
It could be related to strong dependence of power parameters on the dis-
tance to the caller, its orientation (angle) to microphone, and masking
noise, whereas temporal parameters are much more stable to these factors
(Wiley, Richards, 1978; Owings, Morton, 1998; Frommolt, Gebler, 2004). We
can expect that another parameter encoding individuality in red-breast-
ed geese might be an interval between entire two-syllable calls produced
in bouts. Red-breasted geese almost always produce two-syllable calls in
long bouts (Volodin, 1990c), but in the present study we recorded calls in
dense flocks and could not register reliably intercall intervals in the indi-
vidual call bouts. However, it would not be a problem for recording in the
wild, because of the small number of nesting pairs in the colonies (Quinn
et al,, 2003; Kharitonov et al., 2005). Thus, the contribution of intercall in-
terval into individual identification of red-breasted geese and its stability
through years should be revealed in the further investigations.

In conditions of high air turbulence, one of the ways of enhancing
sound propagation ability is joining calls in series, and further in bouts
(Hmxomeckmrz, 1984). In the case of red-breasted goose, nesting in the open
windy areas in tundra, provoked the rise of call pattern of two syllables
and further formation of the bouts of two-syllable calls. The binary struc-
ture of two-syllable call could enhance its propagation ability. Simulta-
neously, the binary structure provides the best parameter for individual
encoding (intersyllable interval) showing the largest individual variability.

Our data suggest the principal possibility of bioacoustical monitor-
ing of the red-breasted geese on the basis of individually distinguishable
and relatively sustainable two-syllable calls. The temporal call param-
eters appeared to be the most important for individual discrimination
and supporting call stability over the years. However, final conclusion
concerning applicability of this method could be drawn only after it is
tested in the wild.
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BMOAKYCTUYECKOI'O MOHUTOPVHI'A HA
IOITYJISIIVV KPACHO3OBbIX KA3APOK B HEBOJIE

. A. Bonogun'?, A. B. Kinenosal, E. B. Bosroguna?

! MOCKOBCKMT TOCy[IapCcTBEHHBIV YHUBepcuTeT M. M. B. JTomoHo-
coBa, T. Mocksa, Poccust; volodinsvoc@mail .ru
2 MockoBCKmi 300mapK, I. Mocksa, Poccmst

PE3IOME

OnHo n3 aKTyaJIbHBIX HaIIpaB/IeHNii B O1oaKyCcTyKe CBsI3aHO C paspa-
BoTKOVI MeToa VIHAMBYYaIbHOTO aKyCTMYeCKOro MOHVMTOPIMHIA PeIIKIX
BUIOB IITHIL. 71t OTCIIeXVBaHVs ITUI] IO TOJIOCy HeoOXOIMO, BO-TIep-
BBIX, OOHAPY>XITh VHAVBYyaIbHBIe PA3Idls B 3ByKax IIpeJiCcTaBuTes el
ZlaHHOTO BIia U1, BO-BTOPBIX, OLIEHNUTb CTaOVIIEHOCTh OOHapy KeHHBIX pa3-
VYU OT Tofa K rofy. VIHguBuyaibHble pasindmns oOHapyKeHbI B 3BY-
KaX MHOI'VIX BUOB MJIEKOIIWTAIOIIVIX ¥ IITWII, OHAKO JIUIIb B HEMHOIMX
paboTax wccrenioBay CTaOVJIBHOCTh VHAVBUAYAJIBHBIX IIPU3HAKOB OT
roga K rofy, IpudeM JaHHbIe 3TUX MCCIeOBaHUM IIPOTMBOpeUnBLL. Mex-
Iy TeM, eCyI MHOVBUyaIbHble 0COOEHHOCTM B KpMKaX [IeVICTBUTEIIHHO
CYIIeCTBYIOT M COXPaHSIOTCS Ha IPOTsKeHUM BCeVl XXWM3HU IITUIIBI, TO
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BO3MOXXHO HaJI&KHO OT/IMYATE €€ OT BCeX IIPOUMX, He IIPOU3BO/IsI OT/IOBOB,
MeueHWs VI JIPYTMX CTPecCUpyIommxX mpouenyp. Takum obpasoM, akycTu-
YecKMyI MOHUTOPVHT MOXET B psjie CJIydaeB 3aMeHUTh TPafWIVIOHHbIE
CII0COOBI MHIVBMYaIbHOIO IIPOCIIeKVBaHMS IITHLL (B YaCTHOCTM, KOJIb-
IleBaHMe) ¥ MO3BOJINTh OoJiee MOAPOOHO MCCIIeloBaTh HEKOTOPhIe UepThl
Oriortorny MasIou3y4eHHBIX BUIOB. /11 mTmir Oe3 BHEIIHEro IT0JI0BOrO
AVMMOpdU3Ma aKTyaIbHOV TaKJKe SIBJIsIeTCs IIpo0iieMa OIIperiesleHNs 1oJIa
o KpukaM. Takasi vHQpoOpManmsi MoxeT OBITh WCIIO/Ib30BaHa KaK IIpW
y49€Te TIOJIOBOTO COCTaBa AVIKMX IIOIYJISAIINV, TaK W IS OeCKOHTaKTHOIO
oIperiesieH Vs TI0J1a IITUIL B HeBOJIe.

OOmBekToM Halllero MccileloBaHMs ObUla KpacHo300ast Kasapka. [Ipo-
Or1eMa GeCKOHTAaKTHOrO MOHWTOPVHIA O4eHb aKTyasIbHa IIjIs 3TOrO BUa,
THEe3/I0BOVI apeasl KOTOPOIO OrpaHWYeH VCKIIIOUMTENIEHO TeppPUTOpUeNt
Poccvm, a 9wmiciieHHOCTB B Ipupode HecTabwsibHa. CaMIIBI M CaMKW Kpac-
HO300BIX Ka3apOK Hepa3JIIVMBL II0 OKpacke VI IIOYTU He OT/IVYAIOTCs II0
pasMepaM. B rHe3m0BOVI ITeprOf, OIIpene T II0JT 3TMX IITVIL, HECJIOXKHO II0
VIX IIOBEIEHWIO, HO B APyTOe BpeMsi CIIe/IaTh 9TO 0e3 OT/IOBa HpaKTUIeCKN
HeBO3MOXXHO. KpacH0300ble Ka3apKy THe3OSTCS MaIbIMI KOJIOHVISIMUL II0
3-10 map mo Oeperam ceBepHEIX peK. B TeueHme Bcero permpomyKTMBHOIO
Ce30Ha CaMIIbl Pa3MHOXXAFOIIVIXCS ITap PEryyIsspHO M3Iai0T IPOMKNE IBYXY-
TapHble KPVKW, VICTIONB3Ys VX PV OKPUIKMBAHWM JIIOMEVI, IOMAIITHUX CO-
0ax 1 1mecroB. DTV KPUKM JIETKO 3aIlViCaTh B IpVpore, a MajIble pa3Mepsl
KOJIOHWTVI TIO3BOJIAIOT HaAEKHO MOEHTU(PUIMPOBATh KPUYAIIYIO 0COOb.

Lespio Halero vccieoBaHVs ObIIO COIOCTAaBUTH BEIPaKeHHOCTD VH-
OVBUIYaTBHBIX VI TIOJIOBBIX Pa3/IM4uil B TPOMKMX IBYXYHAAPHBIX KpUKax
KpPacHO300bIX Ka3apOK, OIlpelle/INTh Ham&KHOCTb MHAVBIIYaIbHOV MIeH-
TUVKAIIUY B TedeHVe HeCKOJIBKVIX JIET ¥ OIIEHUTh BO3MOXKHOCTD aKyCTH-
YecKOro MOHMTOPWMHTA AJIs 3TOrO BUfla B IIpMpoze.

B MockoBckoOM 300IapKe B TedeHVIE ATV PelIPOIyKIVBHBIX CE30HOB,
¢ 1985 1o 1989 rT., ObIIM 3amIMCaHBI ¥ IIPOAHATIM3MPOBAHEI 1328 TpoMKIIX
IOBYXYOApHBIX KPMKOB OT 36 KpacHO300bIX Ka3apok (22 caMII0B 1 14 caMOK).
B xaxmoM Kpuke m3MepsIn 55 BpeMeHHBIX 1 SHepreTUUYecKnX I1apaMeT-
POB: IIJTUTEIIBHOCTY IIEPBOT'O VI BTOPOTO CJIOrOB VM MHTepBasla MeXITy HVIMY,
a Tak>Ke II0 26 3HepreTUUYeCKMX ITapaMeTPoB J1jIsi KaXkI0ro M3 CJIOrOB Kpu-
Ka. [Iy1s Toro uToOkI 110 HAOOPY IIPW3HAKOB OINpeNeNINTh, ITPUHAIEXNT
IV 3aIIMICAaHHBIVI KPVIK JaHHOV 0COOM MIIV JAHHOMY IIOJTY, VICTIOIB30BasIN
Hpoliely py HOIIaroBoro NVCKpYMWHAHTHOIO aHasIM3a.

VHnvBMaya pHbIe pasIndns B KpUKaxX OKas3asInch BEIpakeHbl OUeHb
apko. CpeHsIs BeJIMYMHA IPaBVUTBHOTO IIPUYVICIIEHNS KPUKOB K JaHHON
ocobm cocraBmta 85,6 % (n =430 xpukos or 22 mruiy; 1o 16-20 Kpukos
OT IITMIIBI, BEIOpaHHBIX II0 BceM 5 rofaM), UTO ObUIO JOCTOBEPHO BBIIIIE
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crydariHovt BeytmumHbL (14,7 %), paccuMTaHHOV Ha OCHOBE IIPOIeyphl
pasgommsanyy. HavGomsmmit BKIIa B AVCKPVIMMHAIIIO BHOCVIIV Bpe-
MeHHBIe ITapaMeTpPbl: MEXKCIIOTOBBIVI MHTEPBAJI U IJIUTEIIBHOCTD BTOPOIO
citora. IlostoBble pasans B ABYXyOapHBIX KPUKax Ka3apok IPaKTUIecKn
orcyTcTBoBayt. CpedHssl BeIMUMHA IIPaBWJIBHOIO HPWYMCIEHWUS KpU-
KOB K JaHHOMY IIoTy cocTaswia 87,2 % (n =125 xpukos; 110 3 Kpuka ot 22
CaMIIOB 1 110 4-5 KpuUKOB OT 12 caMOK, BBIOpaHHBIX 10 BCeM 5 rofiam), U4To
He OTJINYaJIOCh OT CJIyYartHOVI BeJIMYVMHE], PacCIMTaHHOV Ha OCHOBe IIPo-
nenypel paHgomusaimu (79,2 %). BeposiTHO, ompenereHve II0jIa y 3TOTO
BMla OCHOBAHO Ha JIPYTMX MOBEeJeHYeCKMX WM aKyCTMYecKMX KIIIouax.
BmecTe ¢ TeM, yacTOTBI MaKCHMMasIBHOV aMIIATY/IBI KaX/IOTO M3 CJIIOrOB
IIBYXYHJapHBIX KPMKOB CaMOK OKa3aJIVICh JIOCTOBEpHO HVIXKe, YeM Y caMIIOB
(p <0.001, ANOVA). DT0 HEOXMITAHHO, IIOCKOJIIBKY OOBIYHO OoJjiee KpyI-
HBIVI TI0JI IIPOU3BOOUT OoJlee HVM3KOYACTOTHBIE 3BYKM, a Y KPacHO300BIX
Ka3apoK CaMIIbl B CpefHeM KpyIIHee CaMOK.

CTabrIpHOCTh VHOVIBUIAYAIBHBIX pa3INduil B KPMKax caMIIOB ObLIa
IIPOTeCTVpOBaHa C IOMOIIBIO ITPOIey Pl KPOCCBaIMAALINM, IIPU KOTO-
POVt paccuMTaHHBIe Ha OCHOBE OIHOVI BEIOOPK OVICKpVMWHAHTHEIE (PyH-
KITMU UCHIOJIB3YIOTCS IS KITaccuMKau OPyrovt BEIOOpKi. 11 3Toro
MBI IIPVMeHMIIM [IBa nonaxoda: (1) dyHKIMm, paccanTaHHbIe 711 KPVKOB
IIpeAIecTBYIOIell BeCHBI, ObIIVM VICIIOIB30BaHBI I KJIacCudpumKarmm
KPVKOB CJIeAyIOIIell BeCHBI (IIOCiIeloBaTeIbHBIV TI0aXom); (2) dpyHKIm,
paccanTaHHBIe IS KPUKOB HECKOJIBKVIX IPeAIecTBYIOMIIX BéceH, Opltn
VICTIOJIB30BAHBI [IJT KylacCVKaIMY KPVKOB CIJIeNyIOIIell BeCHBI (HaKo-
IIATEITBHBIVE TIOIXOM).

BHyTpM KaXXIom M3 BECEH HaAeXHOCTb VIHAVIBVIIYaJIbHOVI MIEHTU-
duKaim ITUIL IO MX KpMKaM Oblyla O4eHb BBICOKOV, ¥ CpeIHsIsS Beyv-
YMHa He omycKaiack Hvoke 82,5 %. Kak v st oObenyHeHHO BEIOOPKY,
HavOOIBIIMI BKJIAX B WHOVBMIYAIBHYIO OVCKPVMWHAIIAIO BHOCVIIV
ME>KCIIOTOBBIVI VIHTEpBasl ¥ IJIUTEIBHOCTb BTOpOro ciora. OmHako HIpu
olpeniesleHn MHAVBUAYaIBHON IPUHAIJIEXKHOCTM KPVKOB CIIeTyIOIIert
BECHBI C IIOMOIIBIO IIPOLIENypPBl KPOCCBAIMIALNN CpelHVe BeJIMIVHEIL
IIPaBIJIBHOV KJIacCUPMKAIIMW CYIIIECTBEHHO CHVDKaiuch. [Ipu cpasHe-
HUM ABYX HOIXOA0B ObUTO OOHAPY KEHO, UTO TPV HAKOIWMTEIILHOM CITOCO-
Oe kiaccmdmKanmy BeJTMUMHEI IIPaBWIIBHOTO IIPUYNCIIEHNS OKa3aIviCh
HEeCKOJIBKO BHIIIIe, YeM IIpW IocslefioBaTesTbHOM. Takym obpasom, Oosbiiiee
YNICII0 BKITIOUEHHBIX B aHAJIN3 KPVKOB OT KayKIIOV IITHITBI CIIOCOOCTBOBATIO
YJIy9IIeHVIO pe3ysIbTaToB KpOCcBaIMAallIOHHOI'O aHasIM3a.

Kpowme storo, 6e11it 0OHapy>keHBI CVUTbHBIE VIHAMBUIYaIbHBIE Pasiiv-
4yis B CTaOVJIBHOCTY KPMKOB T'OfT, OT TofIa. 111 9eThIpéx caMIIoB ObUIO ITOKa-
3aHO, UTO [IByXyIIapHble KPVKI HafléXHO BBIIEIIUIN VX 13 O0IIIelt BBIOOPKI
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€ BepoATHOCTHIO OT 46,5 1o 100 % (B cpemtieM okosto 70 %). 15t omHoro cam-
11a, HA00OPOT, PaBIJIBHOCTD OIIpeNesIeH s KPVKOB Ha CJIEIY oLV TOf], He
HOOHMMAaUIACh BeIIe 36,1 % v 00bIdHO cocTasiisiia okosio 10 %.

Tosry4yeHHbIe B HaIllEM VICCIIEIOBAHMYI Pe3YJIBTAaThl IIOKA3bIBAIOT IIPW-
HIIUIIMAIBHYIO BO3MOXKHOCTS aKyCTMUECKOI'0 MOHMTOPVHTIA KPacHO300bIX
Kas3apoK B IIPUPOJie Ha OCHOBE MHIMBUIYAIBHO PasIMUMMBIX VI OTHOCH-
TEeJIbHO CTAOMJIBHBIX IO OT TOfa OBYXYOApPHBIX KpMKOB. OgHAKO OKOH-
YaTeJIbHO ITOATBEPHAUTH BO3MOXHOCTH €ro IIPUMMEHEHMSI MOXET TOJIBKO
TECTVIPOBaHVIE B IIOJIEBBIX YCIOBVSIX.
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