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1 Introduction

Recognition of individuals is widespread in anirksgdom. Both receivers and signallers
could benefit from individual recognition in siti@s when they repeatedly communicate
and interact between each other (Tibbetts and R@@¥). Naturally, animals living in
complex social environments (groups, colonies acks$) are capable to recognise
individuals. Distinguishing individuals is importafor any group member; for example, it
can facilitate understanding social structure, aduierarchy and the relationships between
individuals in groups of primates (Bergman and $hee2013). Individual recognition can
also help animals reveal identity of reliable induals from cheaters or unreliable
individuals (Olendorf et al. 2004). Also, parenfspiing recognition (Jouventin et al.
1999; Charrier et al. 2003; Charrier and Harco0A6), sibling recognition (Wanker et al.
1998) or mate recognition represent recognitiomdividuals which can be challenging
especially in colonially breeding species (Dalealet2001). Solitary animals may benefit
from individual recognition as well, and can usdoit recognition of neighbours ("dear
enemies” - Wei et al. 2011) from strangers. Fonmgda, territorial American bullfrogs
(Rana catesbeina) recognize voice of unfamiliar individual betwetamiliar neighbours
(Bee and Gerhardt 2002). Likewise, territorial birdan recognize neighbouring males
from strangers (Stoddard et al. 1991) and even megenthem to the next year (Godard
1991, Draganoiu et al. 2014).

Individual recognition can be based on various hmasms and use chemical,
visual and acoustic cues (Tibbetts and Dale 20DFactory signals inform about position
in hierarchy, dominance and also show individuatidctiveness (Thom and Hurst 2004).
Animals can also use visual cues, for example, Papsps Polistes fuscatus) use uncial
facial features to identify individual nest-matekibpetts 2002). In comparison with
olfactory and visual cues, vocalizations can caugent and up to date information even
over long distances which receivers can react innaelg.

The most basic individual vocal cues have origmn specific anatomy and
morphology of vocal organs and of the whole vocattt (Taylor and Reby 2010) of each
individual. In birds, the voice is formed in syringenerally located at the area where
trachea divides into bronchi. For example, birdthvldig syringes might have lower and
stronger voices than birds with smaller syringear@guin et al. 2007). Further, many

birds can produce two voices simultaneously, edcthe@m by different part of syrinx.
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According to Aubin et al. (2000) this may lead mteractions of sound waves from both
parts of syrinx reflecting tiny differences in vbt@act between individuals.

Given the information above, it is not surprisitigat many studies show
individually variation in vocalization in birds (Bmpson 1970; Lein 1978; Cicero and
Benowitz - Fredericks 2000) and as | mention, itmividual variation has many important
implications for their lifes. Scientists have foedstheir attention on individual variability
in bird vocalizations for decades (Borror 1956; ifipson 1970; Williams and MacRoberts
1977). Successively, visual comparison of individspectrograms became standard
method to demonstrate individual differences amamgdjviduals(Borror 1956), even
though measuring of exact acoustic parameters dhatacterize individuals was still
missing in the past but became common from laterges (Glittinger et al. 1978).

Non-songbirds represent good study models bedhagehave simple vocalizations
with relatively stable acoustic structure (e.g. Maton et al. 2003). On the other hand,
songbirds (and other avian vocal learners) areialpexgarding their vocal plasticity and
vocal learning abilities. Therefore, they possessremcomplex identity coding and
decoding mechanisms. For example, good imitatialityalof many species could hinder
individual recognition. However, identity can stbe detected due to small individual
modifications of the original imitated song (Catolg and Slater 2008; Mennill 2011).
Ortolan buntings Emberizia hortulana) share syllables with similar shape but differ
between males by slight shifts in frequency (Osiggtial. 2005). Song plasticity and song
learning ability can also provide mechanisms to rowp opportunity for individual
recognition. Birds may develop individual repertsir(Gaddis 1985; Kroodsma 1996) or
specific individual signatures (Wanker et al. 20@®truskova et al. 2010). Individual
signatures can be located in the specific parsonfs (Linossier et al. 2013) only.

Recent technological progress in audio recordemgd analysis make it possible
that vocalizations will become a common monitoriogl in future (Blumstein et al. 2011).
Nowadays different applications of acoustic momitgrare considered. For example, it
might be possible to estimate species richnessn@at al. 2011; Wimmer et al. 2013)
based on recordings of soundscapes. One of that@dtapplications is also monitoring of
individuals. This monitoring approach would be Hielgor collecting information about
species living in hardly accessible terrain, likepical forests (Mennill and Vehrencamp
2008), species with nocturnal activity (Lengagn®DO0or species that are difficult or
problematic to catch (Marques et al. 2013). Indmaildvariation in bird vocalizations has

been widely documented and could be used in ped@fplications to identify individuals
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in field. Birds could be recorded in the field, ngispecial bioacoustics recording devices
(Rempel et al. 2005) or acoustic sensors (Wimmat.é1013). These recordings should be
subsequently analysed and assigned to correctidudils. The ideal method should be
easily applicable between different species. Weawy Krebs (1992) suggested that Grate
tits (Parus major) can recognize familiar and unfamiliar individuy general voice
characteristic independently on syllable contenthef song. General voice characteristics
could be therefore potentially used for acoustiaitooing of individuals.

In this study | would like to answer following i®ns; 1) Are general song
characteristics individually distinct in Chiffchaff 2) Are these individually distinct song
characteristics stable in time? Most studies fomysin individual vocal variation explore
very short recordings. Consequently, my aim wastidy individual variation on different
time scales; | explored individual variation in genrecorded within single recording

session; within single day; between two successays, and between years.
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2 Material and Methods

2.1 Study species

According to (Cramp 1992), ChiffchafPlylloscopus collybita) is a small-size song bird
(Passeriformes; Siilvidae) very common and wideeagrin west Palearctic. Optimal
habitats are lowland woodlands with sparse canepglland rich undergrowth, often at
moist areas. It is also common species in parkggandens. Chiffchaffs are monomorphic
species. Nevertheless, males and females diffiéreiin behaviour. Females spend most of
the time quietly deep and low in the shrubs. Intast, males show strong and aggressive
behaviour and defend their territory by singing @hdsing out intruders. Chiffchaffs are
monogamous, but the facultative polygyny (mostlyaony) is also possible, especially, in
the area with excessively high population densligey are migratory passerine birds
wintering in Mediteranean and North Africa. Firsales arrive from mid March during the
spring migration and they start to find and defémalr territories immediately. Loud male
songs, duets and antagonistic songs are very inéera the beginning of season.
Generally, females begin to arrive a week afteresaintensive chases as well as physical
male fights are common during the territory estdbhient and pairing period. Pairs
ordinary breed twice per season and first clut¢Agsil, May) are usually slightly bigger
(on average 5 eggs) than later clutches in Juneeang July. Although chiffchaffs are

territorial, their territories may to some extemedap at sites with high breeding density.

2.2 Study area

Males were recorded in former military training aren the outer boundary @feské
Budgjovice, Southern Bohemia, the Czech Republic (48%N, 14°26, 5" E). The area
(ca 1 knf) is covered by habitat with small ponds, marstesshrubs. Willows%alix sp),
birches Betula sp.) and poplarsPppulus sp.) dominate in vegetation. Also large and old
oaks Quercus sp.) grow sporadically or in alleys on dams. Weenstudying Chiffchaffs
at the locality since 2008 to 2012. The area hapfsoximately 60 males every year and
the breeding density is relatively high. Large migjoof males was colour-banded during
the years. About 16 - 25% banded males were deteagain in at least one of the

successive years.
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2.3 Recording

Males were recorded for different purposes overyders 2008 — 2011. Recordings were
made from April to June, due to the strong motosatof chiffchaff males to sing in this
time. Recorded individuals were marked by combamatf standard aluminium ring and
up to three different colour rings for identifiaati of individuals on locality. Recorded
songs represent two different datasets: first e@ataas focused on within and between day
variation in song parameters (Days dataset; n =maBs) and the second dataset was
focused on between years song variation (Yearssefata = 16 males). See below for
detailed description. In total, songs from 29 d#f® males were used in this study.
Recording conditions were generally similar fortboécording datasets. Recording were
done from 5:30 to 11:00 in the morning. We used avite recorder and a directional
microphone Sennheiser ME67. We tried to recordsbésl close as possible, usually within
the distance of 5 - 15 meters from the singing laind with no obstacles in between the
microphone and the recorded male if possible.

Days dataset included recordings from the yeaf 2Days dataset was recorded in
two successive days to compare male songs frondays and find possible differences
between them. During the first day recordings weieen from early morning from c.a.
5:00 to c.a. 9:30 a.m. During second day, recoslingre done only early in the morning
(c.a 5:00 to 6:00). In detail, recordings from thist day (DAY1) represent on average 63
min (minimum 28 min, maximum 115 min) long recogbn(singing time) and recordings
from the next day (DAY?2) represent on average 14 minimum 5, maximum 61 min)
long recordings. Overall, we recorded over 17 hafirecordings with 6216 songs in both
days (Table 1).

Table 1. Number of songs recorded and analyzed for eadh imalataset Days

Number of songs

Male Al Analyzed
PC1101 456 212
PC1102 424 143
PC1103 354 150
PC1104 255 126
PC1105 237 48
PC1106 969 467
PC1107 793 365
PC1108 737 397
PC1109 848 314
PC1110 325 118
PC1111 103 77
PC1112 481 169
PC1113 234 184

Total 6216 2770
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Recordings for Years dataset were taken duringsy2@®8 — 2011. Songs were recorded
for each male in at least subsequent years in e¢odeompare their songs between years.
Years dataset contained on average 4 min longdigs (minimum 2 min, maximum 8
min). Altogether, 837 songs from 16 males wereeoddd (Table 2). Initially, these data
were collected for different studies, nevertheléssy also fit for this research.

Table 2 Number of songs recorded for each male in datésats

Number of Songs

Male All Analyzed
F72726 56 45
F91901 62 0
F91903 62 22
F91907 50 40
F91909 47 0
F91913 57 24
F91915 53 42
F91916 66 42
F91930 44 0
F91931 56 0
F91954 45 22
F91959 43 33
F91969 69 35
F91973 40 30
F91983 46 0
J23234 41 0

Total 837 335

2.4 Song analysis
All songs were processed and analyzed in AvisofsS#b Pro software (Raimund Spetch,
Berlin). As a first step, | checked each recordimghoose only the high quality songs for
analysis. Any songs containing high background enoather birds' vocalizations, and
others disturbances, hindering song spectrograntysaasawere rejected from further
analyses. Subsequently, | applied a highpass {®800 Hz) on all preselected songs and
down-sampled the songs to 22050 Hz sampling fregyuen

Although many recordings were eliminated from Hert analysis, good sample of
songs still remained for analysis. There were 23§l@cted songs for Days dataset (from
6216 original songs, see Table 1). Years datasetmuach smaller and | analysed 335

songs from 837 original songs. Furthermore, 6 bingdse completely removed from



161
162
163
164
165
166
167
168

169
170
171

172
173
174
175
176
177
178
179
180
181
182
183
184
185
186

further analyses because of low number of songgmerding (Table 2). | used the
“Automatic parameter measurement” tool in Avisofimeasure song parameters.

| measured following basic song parameters: sength (s), syllable interval (s),
minimum frequency (Hz), maximum frequency (Hz), péa@quency (Hz) and frequency
quartiles (25, 50, 75 % of spectrum, all in Hz)g{lfe 1). | determined these characteristic
for their simplicity, easy measuring procedure,yease across species and they give

overall description of temporal and frequency spagameters.

Power
spectrum Maximum frequency

kHz

Duration

LA LY

Peak frequency

Quartile 25,50 and 75 %

Minimum frequency

I T T
1 2 3 s

Figure 1. Spectrogram of chiffchaff song with matkeeasured characteristics, left side representgipo

spectrum

2.5 Statistical Analysis
Statistical analyses were calculated using stedilsfirogram R.

Potential of individual coding
To determine suitability of song parameters fonviial coding | calculated Potential for
individual coding scores (PIC) for each of the paeters. Following the formula: PIC =
CVb / CVw, | counted PIC for each time-scale (selWw) individually. The basic element
of the formula is coefficient of variation (CV = SDmean) used in two different ways.
CVb is coefficient of variation between males hoeeCVw is an average coefficient of
variation within males (i.e. the CV is counted éarch male and variable separately and the
CV values for a particular variable are then avedagcross males).

| divided data to four individual cases comparthg differences and changes in
PIC values of each acoustic parameter on four reiffietime-scales. “Recording session”

PIC is based on the first 15 songs from each matengl the recording at Day 1. To

7
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compute “Within day” PICs, | used again the fir& dongs but included also the last 15
songs on Day 1 from each male (so PICs were compintem 30 songs per male).

“Between days” PICs were computed from the firssbBgs from Dayl and first 15 songs
from Day?2. In this case PIC for the males PC11@1 0 and PC1111 was not computed
due to low number of suitable songs. In the lasec¢8etween years” PICs were computed
in similar way, but there were different numberssohgs per male. They varied from 9 to

15 songs per male from each of the year (YearlYaaa2).

Environmental conditions and song parameters

To test whether song parameters systematically watly environmental conditions, |
compared averaged song parameters calculated fretnséiccessive 15 songs and last
successive 15 songs of each male from the Dayl matiparametric Wilcoxon matched-
paired test. The analysis was done for 12 maleausecfor the male PC1105, first and last
15 songs were too close in time (recorded withia baur). First 15 songs were recorded
between 5:00 and 7:00; last 15 songs between Ti8®a80 depending on male. But for
each male first and last 15 songs were at leasugshapart. | divided songs into these two
groups to see whether the parameters change wtimaa Daytime likely correlates with
changes in environmental circumstances at theainaihd final part of recording. For
example, early in the morning (first 15 songs) tloése level is low. On the other hand,
later (last 15 songs) the environment is more ndisy to busy road near the locality (main
traffic caused by people getting to work). Othemdaitions, possibly affecting song
parameters, like temperature, humidity, or motatof males could also change during

the morning

Repeatability of song parameters

| calculated Spearman’s correlation coefficignt to test parameter’s repeatability within
day, between days and between years. Spearmam&dation coefficient for Within day
was calculated from same data as Wilcoxon matclagegtest and Within day PICs. The
same data as in case Between days and Between Rasswere used to calculate
Between days and Between years repeatability., Fiesteraged song parameters for each
bird and time interval (first and last 15 songsstfil5 songs from Dayl and Day2, songs
from Yearl and Year2) and then | looked for cotietes between those values. High and
significant correlation between time intervals wbuhdicate high repeatability of song

parameters.
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Discrimination of individuals

Finally, I conducted linear discriminant analysisDA) to assign songs to each bird
according to measured song’s characteristics atetrdime classification success achieved
by the discriminant analysis (Figure 2). Again,rfaDAs were conducted. The first LDA
was conducted to see whether individuals can lidisyated within "Recording session”
time-scale. It was based on 15 songs from Day &.sHtond LDA on "Within day" time-
scale involved all selected songs from Day 1. "Réiog session” LDA and "Within Day"
LDA used leave one out cross-validation. Data fDAs on "Between day" and "Between
years" time-scales used Jack-knife cross-validatidnich means they were divided into
training and test subdatasets. Training subdatas#tined recordings from the Day 1 /
Year 1 and test subdataset contained recordings the Day 2 / Year 2. All acoustic

variables were scaled to z-scores prior to LDA.



234 3 Results

235

236 3.1 Potential of individual coding

237 PIC values (Table 3) varied from 0.98 (peak freqyenbetween years) to 2.03 (syllable
238 interval - recording session). According to prewaiudies, the parameter has a potential
239 for identity coding if PIC reaches a value highleart 1. Only peak frequency between
240 years did not exceed 1. On the other hand, it maignt that PIC values are generally low
241 so their potential for individual coding is weakyll8ble interval reach relatively high PIC
242 value (PIC = 2.03) during recording session. GdhgmlCs showed declining trend with
243 increasing time-scale. CVb values for frequencyapuaaters were very low, ranging
244  between 0.02 — 0.07. In contrast, duration showeddrgest variation (CVb from 0.33 to
245  0.38).

246 Table 3 Coefficient of variation for each song charaateri between males (CVb), coefficient of variation
247  within males (Cv, mean) and PIC for datasets: Ri#ingrsession, Within days, Between days, Between
248  vyears.

Recording session Within days Between days Betwegears
Song CVb CVw, PIC CVb CVw, PIC CVb CVw, PIC CVb CVw, PIC
characteristic mean mean mean mean
Duration (s) 0.38 0.26 1.48 0.38 0.28 1.36 0.37 0.29 1.27 0.33 0.27 1.18

Syllable interval  0.04 0.02 2.03 0.04 0.03 1.39 0.04 0.03 144 031 0.26 1.19
()
Peak frequency  0.07 0.05 1.34 0.06 0.05 131 0.07 0.05 1.24 0.06 0.06 0.98

(Hz)

Minimum 0.07 0.05 1.35 0.07 0.06 1.23 0.06 0.05 1.22 0.05 0.04 1.39
frequency (Hz)

Maximum 0.07 0.06 1.25 0.08 0.07 1.16 0.07 0.06 1.16 0.03 0.03 1.31

frequency (Hz)
Quartile 25 % 0.02 0.01 1.74 0.03 0.02 1.50 0.03 0.02 1.32 0.04 0.03 1.14

(H2)
Quartle50%  0.02 002 1.30 003 002 126 002 002 133 004 003 1.37
(H2)
Quartle75%  0.02 002 125 003 002 120 002 002 114 003 002 1.39
(H2)

249

250 3.2 Environmental conditions and song parameters

251  Wilcoxon matched-pairs test does not show strorangls in song parameters during the
252 day (Table 4; n=15) with the exception of syllalo¢erval (p=0.034; V=66). Syllable
253 interval was shorter (chiffchaffs increased sykakdte) later in the day than early in the

254  morning.
255
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Table 4 Wilcoxon matched-pairs test; first 15 and lassbhgs a day

Median Minimum Maximum
Song characteristics p \%
First Last First Last First Last
Duration (s) 4.54 4.45 2.65 2.54 9.62 8.29 0.97 40
Syllable interval (s) 0.38 0.36 0.34 0.34 0.39 0.38 0.034 66

Peak frequency (Hz) 4160.67  4184.83  3931.54  3913.33466.00  4459.33  0.569 47

Minimum frequency 3473.67

(H2) 3399.33 3294.67 2930.67 3740.00 3900.00 760.1 57

Maximum frequency 6428.67
(Hz)

Quartile 25 % (Hz)  4123.00 4051.00 3972.67 3930.674244.67 4302.67 0.266 54

Quartile 50 % (Hz)  4734.33 4724.00 4652.67 4617.784928.67 4962.67 0.97 40

Quartile 75 % (Hz)  5639.67 5651.76 5478.00 5348.005871.33 5922.67 0.301 25

6408.00 5565.33 5528.00 7002.67 6864.00 330.7 44

3.3 Repeatability of song parameters

Spearman’s correlation coefficiens) Ghow relatively strong repeatability of most bét
song parameters. In total, average values of sianpaters were significantly positively
correlated between first 15 and last 15 recordatgsd Within day" time-scale) and
showed high correlation coefficients (e.g. duratipeak frequency, minimum frequengy

> 0.7; see Table 5). Nevertheless, similary to Pl€geatability of most song parameters
seemed to declines with increasing time-scale. BatWween days" time-scale, only
minimum frequency has still high and significanpeatability p = 0.84). Spearman’s
correlation coefficients are also weak for mosthaf parameters on "Between years" time-
scale. Only quartile 50 % reachgs= 0.71 and is significantly repeatable in songesnfr
Year 1 and Year 2. | do not consider peak frequépcy- 0.65) repeatable between years
due to the negative sign of the correlation whishin striking contrast with positive

correlation that was expected.

11



273 Table 5 Spearman’s rank correlation coefficign{significant correlations with p < 0.05 are higftited in
274  bold)

. Within Between Between
Song characteristics

day days years
Duration (s) 0.76 0.51 0.3
Syllable interval (s) 0.55 0.49 0.35
Peak frequency (Hz) 0.73 0.07 -0.65
Minimum frequency (Hz) 0.71 0.84 0.50
Maximum frequency (Hz) 0.39 0.47 0.18
Quartile 25 % (Hz) 0.69 0.55 0.31
Quartile 50 % (Hz) 0.63 0.3 0.71
Quartile 75 % (Hz) 0.59 -0.13 0.62

275

276 3.4 Discrimination of individuals

277 The highest number of correct classifications afgsoto the right individuals is 60 % for
278 songs recorded during short time interval - withisingle recording session. Within day
279 classification accuracy is 57 % and between dagsdiaation accuracy is 45 %. The
280 lowest overall accuracy is on between years tina¢ese only 18 %. Even such a low
281 accuracy is still almost twice higher than accuraexpected by chance (correct
282 calssifications by chance = 9 for between yearg)d4t Classification accuracy also varied
283 markedly between males within each time-scale. &wample, the accuracy within
284 "Recording session" for PC1107 was 100% in compari@ith only 7 % of correct
285 classifications for PC1104.

286

287

12



288  (Figure 2): Results of LDA(classification matrix) for songs recorded witlReccording sessit (a), within
289 day (b), between days (ahd between yez (d).
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4 Discussion

This study is about individual variation in fundamed song parameters, their stability and
their potential for individual coding in Chiffchatf My results suggest that general song
parameters have a potential for individual codingthey are not stable in time. Therefore,
identification of individuals based on these partarse could be possible only within a
short time interval and their application for adomsnonitoring of individuals might be
problematic in Chiffchaffs.

There is an evidence that some birds have indalidyllable repertoires which
even persist between years (Mamede and Mota 20BZaDoiu et al. 2014). Other species
may possess special individual signatures in toalis or within certain parts of a song
(Wanker et al. 2005). Nevertheless, neither oftii® mechanisms is appropriate for bird
monitoring in general. Long recordings are requitedget whole syllable repertoire in
many species. Moreover, birds could use only patheir repertoire even during long
recording sessions and possible results would theisbased on incomplete data.
Chiffchaffs repertoire size is small, ranging fromto 13 syllables (Cramp 1992).
However, Chiffchaffs probably use song types (@dyne combinations of syllables types
are possible) and it may take tens or hundredsssbefpre they switch from one song type
to another (Pavel Jaska pers. comm., pers. obsredver, using repertoires or individual
signatures is not easily applicable across diffespecies. Therefore, | decided to approach
the song as a basic unit for analysis and analgsspeters which can easily describe basic

parameters of whole song, without any special eegasyllable content.

Potential of individual coding

Potential of individual coding (PIC) is frequentlised in studies dealing with
individual recognition to determine parametersahld for identity coding (Mathevon et
al. 2003; Charrier et al. 2004; Sandoval et al.£220PIC values higher than 1 mean that
parameter has a potential for individual codingn@ga&gne et al. 1997). The higher the PIC
value the greater is the potential of identity ogdior a given parameter. My results show
that all analyzed song parameters could possildle édentity, maybe with the exception
of peak frequency (PIC=0.98 on between years ticages On the other hand, PIC values
of chiffchaff song parameters are relatively wedlacalization parameters of non-

songbirds show considerably higher PIC values.example calls of the black headed gull
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(Larus ridibundus) and the slander-billed gulLérus genei) show higher PIC not only in
temporal parameters (PIC up to 2 or 3) but alsoffequency parameters (PIC values
ranging between 1.1 — 4.9.; Mathevon et al. 2008)y two temporal parameters are used
in this study (duration and syllable interval) baththem have relatively strong potential
for individual coding especially on recording sesstime scale. Within songbirds, song
duration PIC of chiffchaff has similar value likédPfor duration of specific song parts in
White eared ground sparrows. But in contrast withrasults, sparrows had also high PIC
(from 1.1 to 4.9) for frequency parameters (Santleval. 2014). To summarize, it seems
that all of the measured song parameters could desl dor distinguishing between
individuals. Nevertheless, for practical applicagoin monitoring of individuals, song
parameters should be also repeatable on the Idangerscales and stable in different

environmental and social circumstances.

Repeatability of song parameters

Certainly, song parameters might be influenced &yation in environmental and social

conditions (like temperature, air humidity, noigedls, motivation... etc.) during the day
and between days (Wiley and Richards 1978; Slakiyek®013). My results do not reveal
any substantial impact of environmental and soopalditions on song parameters taking
the daytime as proxy for changing environmental aadial condition during the day.

Surprisingly, frequency parameters and song duradid not vary systematically during

the morning although some studies might suggeshgd® of these parameters with
daytime in chiffchaffs due to changes in e.g. ndeseels (Verzijden et al. 2010) or

motivation (Rodrigues 1996). Accordingly, repedigpiof frequency parameters within

day (Spearman’s coefficient results) were high sigdificant in six parameters (duration,
peak frequency, minimum frequency and frequencytdes) but repeatability decreased

on following time scales, possibly due to randomaten in song parameters in time.

Discrimination of individuals

Many studies dealing with individual variability rocalizations use multivariate statistics
like principal component analysis or discriminamalysis (Wanker and Fischer 2001,
Charrier and Harcourt 2006; Digweed et al. 2012)show that vocalizations can be
assigned to correct individuals based on their sttoparameters and hence, could be used
to monitor individuals. These methods show reldyivaptimistic results and, of course,

provide a good evidence that vocalizations arerincgple individually distinct. These
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findings are in accord with my results on discriation of individuals within recording
session. However, the problem of most of theseietud the limited time interval of
recording individuals. In general, long-term indival recognition has been poorly
investigated to date. One of the existing studmesved that owls might have hoots that are
individually distinct and stable. Eagle owBupo bubo) living in captivity did not change
their vocalizations between two years (LengagnellOQ is apparent that long term
recognition of individuals is important for animaBirds are able to recognize songs of
their neighbours from previous years (Godard 199hrthern fur seal females
(Callorhinus ursinus) were capable to recognize playback recordindpei toups after four
years of separation (Insley 2000). Therefore inmedkely that there should be identity
cues in vocalizations stable over time. In condaosmy results show that further studies
considering vocalizations as monitoring tool shoulotus on parameters coding

individuality on larger time scales.

Understanding identity coding in vocalizations isbasic knowledge for successful
application of acoustic monitoring tools. Despidege interest in individual variation in
vocalizations, we know very little about how soreygmeters change in time and which
parameters could be suitable for acoustic monigoahindividuals. Song parameters that
code individuality have to be stable and persigiugh time in order to be practically used
for monitoring purposes. My results suggest thaspane birds represent challenge to
methods of individual identification due to theamsplex song structure and vocal learning
ability. However, songbird males can use songsigtnguish individuals even at longer
time scales like days and seasons suggesting thaie sidentity cues persist in
vocalizations(Godard 1991¢lassical methods of spectrogram song analysis nmighbe
good enough to describe the long-term individuascin songs. Therefore, future studies
might try to determine new parameters based ompthiples of song production and
slight differences in song production organs betwiedividuals.
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