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ABSTRACT

Thesis title: Information Content in Vocalization of Guinea Pi@Savia porcellu¥:

Individual Distinction and Recognition of Predators

Guinea pigs represent domesticated precocious t®ddrich became common
pets. From the first day after birth they are fullgcal. This thesis was devoted
to the vocalization of pups. The aim of the thegs to 1) determine the age when
the vocal individuality in “whistle” sound is demstrable; 2) test possible ultrasonic
signals emitted by young guinea pigs; 3) studyathi@redator reactions and alarm calls
to aerial (bird of prey) and terrestrial (dog) patats and human (control test).

A total of 16 guinea pig pups were tested for voealividuality, 28 pups
for ultrasonic vocalization and 27 adolescentsdmdator recognition. When testing
vocal ontogeny during the first 9 days after birthgpbserved changes in temporal,
frequency and parameters of intensity. When | testal individuality by cross-
validated discriminant function analysis (DFA) baésm ten acoustic parameters, calls
were classified to correct animals with followingucsess: day 1 = 71.9%,
day 3 = 58.8%, day 5 = 53.10%, day 7 = 50.60% aad 3= 63.10%. The highest
frequency in whistle was 30.03 kHz. In predatorcdmination reactions as freezing,
fleeing and vigilance were observed. In the preseot dog, guinea pigs reacted
for the longest time and most frequently by fregziivhen confronted with a bird
of prey, | observed for a longest time and mostrofieeing and then freezing. When
exposed to a human, guinea pigs showed mostlyavigd. Almost no vocalization was
observed except for two events of alarm calls +r"das in the presence of dog
and “chirrup”as reaction to bird of prey.

The following conclusions can be drawn from thesprged results: 1) vocal
individuality of guinea pigs is demonstrable imnegdly after birth and the rate
of individually different vocal parameters changeith age; 2) guinea pigs are able
to produce sound up to 30 kHz, i.e. within theadtund range, but signals of high
frequencies are not crucial for their communicati@) guinea pigs discriminate

between terrestrial and aerial predators, but &€mey alarm calls rather rarely.

Keywords: predator identification, vocalization, vocal individuality, ultrasound

communication, ontogeny



ABSTRAKT

Nazev prace: Individualni hlasova variabilita a informace o eamavani predator

obsazené ve vokalni komunikaci réardomacichQavia porcellu}

Morcata reprezentuji domestikované prekocialni hlodakie se stali Bznymi
domacimi mazliky. Od narozeni naplno vokalizuji. Prace bylmavana zvukovym
projevim mlarat mogat. Cilem prace bylo 1) &it veék, kdy bude prokazatelna vokalni
individualita zvuku ,whistle"; 2) otestovat moznéirazvukové signaly a 3) prozkoumat
antipred&ni chovani a varovné zvuky wifpmnosti vzduSného (dravec) a pozemniho
predatora (pes) @doveka (kontrolni test).

Celkem 16 ml&at mokat bylo otestovano na vokalni individualitu, 28 ddé
na ultrazvukové signdly a 27 odrostlych d'dé na rozeznavani predaiov.ramci
testovani vokalni ontogeneze vip¢hu prvnich 9 da od narozeni, byly pozorovany
zmeény jak v casovych a frekveimich parametrech, tak i v parametrech intenzity.
Pii testovani vokalni individuality validovana diskinatni analyza (DFA) zalozena
na deseti akustickych parametredhirgdila jednotlivé zvuky ke spravnym jedim
s nasledujici usgnosti: den 1 = 71,9 %, den 3 = 58,8 %, den 5 4®3p, den
7 = 50,60 % a den 9 = 63,10 %. NejvySsSi s@mna frekvence u zvuku whistle byla
30,03 kHz. B rozpoznavani predatroyly meteny reakce strnuti, &K a ostrazitost.
V pritomnosti psa m@éata reagovala nejdéle a &&gtji strnutim. Ri vystaveni dravci
jsem u motat nejdéle a néastji pozorovala ik a nasledné strnuti. Naifmmnost
¢lovéka mokata nejvice reagovala ostrazitosti. Zaznamenata jseuze dva ippady
vystraznych signal- ,drrr* v ptitomnosti psa a ,chirrupfako reakci na dravce.

V praci jsem dosfla k za¢ram, Ze: 1) individualita maat je prokazatelna
od prvniho dne Zivota m&at a mira individuak rozdilnych vokalnich paramétise
s wkem neni; 2) mokata jsou schopna vokalizovat do frekvence 30 ki€zpeo jejich
komunikaci nejsou vysokofrekveni signaly kiEove; 3) moéata rozeznavaji pozemni

a vzdusné predatory, ale varovné zvuky vydavajiziatka.

Kli ¢ova slova rozpoznani predatdr vokalizace, vokalni individualita, ultrazvukova

komunikace, ontogeneze
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1 % INTRODUCTION

The guinea pigGavia porcellu} is one of the oldest animals of South America
that was domesticated approximately 3,000-6,008syago (e.g. Hickinghaus, 1961),
but as some authors indicate, up to 7,500 yearsraffte Andean region (e.g. Wing,
1986). Wild cavy Cavia aperey feral ancestor of domestic guinea pig (Rood,2197
Weir, 1974), reaches population density of 30 achdividuals per one hectare (Asher
et al., 2008) and it has a well developed socfel Population of cavies forms small
groups of one dominant male, up to three female$ wheir offspring and some
subdominant males (Jacobs, 1976; Sachser, 198r Aghal., 2004). These groups
are characterized by polygynous social and matysiemn (Sachser, 1998; Hohoff,
2002).

Their rich social system is connected with a ricloustic repertoire (Lacher,
1981). For guinea pig, as well as for other sagpacies, acoustic communication is one
of the most important forms of communication. Vazation is emitted immediately
after birth of precocious guinea pig pup (Arvol®74). The young actively moves
around the mother and other siblings and it incgbsakeeps the contact
with the mother by vocal cues. When a guinea pig loses contact with its mother,
it emits isolation-whistle sound (Berryman, 1976pmiicelli, 2000; Kober et al., 2007).
This vocalization in context of separation is eadttuntil four (Pettijohn, 1979a;
Monticelli and Ades, 2013) or five weeks after birtfBaklov4, 2011). During this
period, some vocal characteristics of the whistiensl vary - call duration (Tokumaru
et al., 2004; Baklova, 2011; Corat et al., 2012) &equency (Tokumaru et al., 2004;
Corat et al., 2012). Tokumaru et al. (2004) testedal individuality of this sound
in eight-day-old to ten-day-old guinea pig pups &mnehd that whistle sound of guinea
pig pups is distinctive by a set of parameters (lhoéru et al., 2004). Therefore | found
it of interest to complete this information and etfetine the demonstrable onset
of vocal individuality in whistle sounds.

The whistle is a sound of high frequency, it caacteup to 30 kHz (Berryman,
1976) but no spectrogram was showed and, to my laume, no other scientific paper
confirmed the possibility to reach this frequeneyh@her than 22 kHz (Sewel, 1969;
Tokumaru et al., 2004). During data analyzing foy master thesis, | noticed

the tendency of spectrogram to continue abovertguéncy 22 kHz (Baklova, 2011),

11



1% INTRODUCTION

but | did not have a specialized equipment for héggmals recording. The question
therefore remained: are guinea pig pups able tdym® sounds of a frequency higher
than 22 kHz?

Another important way of acoustic communicatiorguinea pig is that emitted
upon occurrence of a predator. In wild cavy, twoety of alarm calls are known — “drrr”
and “chirrup” (Monticelli and Ades, 2013). Alarmlisaserve animals to warn other
family members of danger from predators (Klump &faalter, 1984). Some animal
species discriminate among several types of preslatoy changing features
of alarm signals (Marler et al., 1992; Evans et 3093). Therefore | was interested
in whether the domestic guinea pig that had notnbeeposed to predation
for generations is able to distinguish among pr@dafpes by vocalization or behaviour

reactions.

12
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2 % LITERATURE REVIEW

2.1 Scientific name and taxonomy

The International Commission on Zoological Nomenwoka conserved the name
Cavia aperea(Erxleben, 1777) for wild cavy (see Fig. 1) a@hvia porcellus
(Linnaeus, 1758) for domestic guinea pig (ICZN, 20According to Sachser (1998)
and Kiunzl and Sachser (1999), Adrian et al. (2@0%) Kemme et al. (2009) the wild
cavy and domestic guinea pig belong to one speRiesearch based on molecular data
proved that they are separate close related sp@estto et al., 1995; Spotorno et al.,
2004) and they are able to produce fertile hybj\isir, 1974).

Guinea pig is classified in Caviidagamily (order Rodentia, infraorder
Hystricognathi) This family is divided into three subfamilies - tWwiwing: Caviinae
and Dolichotinaeand one defunct: Cardiomyinae. The subfamily Cadincludes four
generaMicrocavig Galeg CaviaandKerodon(Moojen, 1952; Cabrera, 1953; Nowak,
1991).

Figure 1. Wild cavy (Cavia apereqin Zoo Zirich (photo: Vladimir Motska).

2.2 Biology, social and mating system of wild cavy

Wild cavy is a social, neotropical, herbivorouseqacial and diurnal rodent
(Rood, 1972; Cassini, 1991). A newborn precociatycaeighs 50 - 70 g, the body
mass of adult males reaches about 600 g and oflden®0 g (Rood, 1972; Weir,
1974). Cavy lives in bushy and grassy lands neaiveys or lakes (Ximénez, 1980;
Asher et al., 2004) in Uruguay, the southern Pagguhe northeast, central
and southern Brazil and the north-eastern Argenfa@od, 1972; Ximénez, 1980)
and in Colombia, Peru and Bolivia (Redford and &g, 1992). Cavy also inhabits

13



2% LITERATURE REVIEW

high and dense vegetation, shrubs, burrows andyramkcrops which provide
the protection from predators (Lima and Dill, 1990)

The social system of wild cavy and its spatial aigation are regarded
as adaptations to high predation pressure. Onlgnall ggroup size is able to reduce
the risk of detection by predators in dense vegetaWVild cavy lives in small groups
consisting of one dominant male and more than ameale (Asher, 2004), their
suckling offspring and one subdominant male or mdeeobs, 1976; Sachser, 1986;
Asher et al., 2004). Male defends the females agamales from neighbouring
territories (Rood, 1972; Sachser, 1998; Asher, 200Bhe territory occupied
by a dominant male is overlapping with territory ather males and females (Asher
et al., 2004). The territory of a male is about ttumes larger than the territory
of female (Asher, 2004).

Male-female relationship is influenced by femal®ick, a reproductive strategy
described by Sachser and Hendrichs (1982). A poiggsating system is expensive
for males because of competition for mating (Reilgnd Fedak, 1991).
The alternative mating strategies ensure reprogeisticcess. These strategies can lead

to differences in colour, size and behaviouralitagiMachatschke et al., 2008).

2.3 Domestication process

Domestication is a process, which has the effeajemetic selection of certain
characteristics (Price, 1984; Lickliter and Nes39d). During domestication, a small
number of groups of wild species is successfullgdbin captivity and survives
under human care (Clutton-Brock, 1999). Human mlesithem shelter as a protection
against predators and food and they reproduce umsleontrol (Price, 1984).

The phenotype of domestic animals is made of germtid environmental
factors, which are mixed at various levels during tlevelopment and evolution (Price,
1984; Lickliter and Ness, 1990). According to Prigd984), the process
of domestication is influenced by three main genatechanisms: inbreeding, genetic
drift and selection (natural and artificial).

Domestication is always accompanied by distinctngea in morphology
(Boice, 1973; Price, 1984; Setchell, 1992; O'Regand Kitchener, 2005).
The difference between body mass of domestic guipiga and of wild cavy

is remarkable. Adult guinea pig reaches 700 - 18008epending on sex, whereas

14



2% LITERATURE REVIEW

the wild cavy reaches only 400 - 700 g (Cabrer&31Weir, 1974; Ximénez, 1980;
Harkness and Wagner, 1995; Eisenberg and Redf®&B)1The increased body size
may be due to domestication and the fact that gugs were selected mainly for their
meat (Weir, 1974). Similar to other species, dueldmestication process, guinea pig
has reduced size of brain, which accounts for atk8&b of its body size (Lewejohann
et al., 2010).

Domestication is accompanied by changes in phygyobnd behaviour (Boice,
1973; Price, 1984; Setchell, 1992; O'Regan andhkier, 2005). The comparison
of wild cavy kept in captivity with the domesticrfo of guinea pig shows changes
in hormonal stress responses as well as in behawou instance, domestic guinea pig
males display courtship and copulation more ofteant the wild ones (Kinzl
and Sachser, 1999). The differences in behavioedu@ed alertness, nervousness
and sensitivity in domestic guinea pig) may be dige differences mainly
in temperaments of wild and domestic animals. Ddimeglinea pig is generally more
tolerant and less aggressive to conspecifics thhoavy (Kinzl et al., 2003). Guinea
pigs also show less explorative behaviour (Kiinzlet2003; Zipser et al., 2014). All
these changes produced by domestication are relatethe artificial selection
and the stimuli in environment (Boice, 1973; Pri@®84; Setchell, 1992; O'Regan
and Kitchener, 2005).

In general, the process of domestication may héeete on vocalization (Miller
and Gottlieb, 1981). For instance, these authommpemed the acoustic structure
of maternal calls in wild duck and domestic duckey detected differences in two
acoustic parameters, the duration and dominantuémcy, which can correspond
to changes in body mass between wild and domestk (Miller and Gottlieb, 1981).
Some differences in vocal parameters of wild camg @omestic guinea pig were
identified, too. There were found significant difaces in the several vocal features.
Domestic guinea pig has higher fundamental fregesnand slower emission rate
(longer note duration and longer internotes intisjvéhan the cavy (e.g. Monticelli,
2000; Monticelli and Ades, 2013).

Monticelli et al. (2009) also detected differenaesocal repertoire of wild cavy
and domestic guinea pig. Except for the whistlet@aiduring isolation from close
relatives, domestic guinea pig emits a food-argitgm whistle as food delivery
anticipation (Arvola, 1974; Coulon, 1982; Ades let B994; Monticelli and Ades, 2011)

15



2% LITERATURE REVIEW

as a result of the human care. This context is siifazking in wild cavy. Moreover,
wild form of guinea pig often uses alarm call chprwhich is rarely emitted
by the domestic form (Monticelli and Ades, 2011).

2.4 Reproduction of domestic guinea pig

Guinea pig is a polyestric and non-seasonal roddates are sexually mature
at three or four months when a body mass of 6000- ¢ is reached. Females reach
sexual maturity at two or three months when theigiw&50 - 400 g. Females are fertile
for about five years. The oestrus is repeated el8ryo 21 days and it lasts about
8 to 11 hours (Stockard and Papanicolaou, 1917;nycet al., 1935; Sykora et al.,
1983).

Male courtship behaviour includes exploration, deling the female
accompanied by “rumba” - a swaying movement oflthek part of body (King, 1956;
Rood, 1972; Berryman, 1976; Coulon, 1982). Thisavedur is also complemented
by emitting of purr vocalization (Berryman, 1976;oMicelli, 2000). The mating
is a very short act repeated several times. Makesble to mate with several females
during one day. After ejaculation, sperm is movinggenital tract of female for 30
hours (Sykora et al., 1983).

Compared with altricial rodents, the gestation quiin the precocial guinea pig
is very long. It takes on average 68 days (ranffiogn 59 to 72 days). Eyes of pup are
opened two days before birth. Guinea pig pup stetsing in uterus as soon as about
12 days before parturition (Romand, 1971).

Guinea pig females do not prepare a nest for tiewborn pups. The young are
born quickly. The parturition mostly occurs duriting night hours and it takes about 30
minutes (Harper, 1972; Hennessy and Jenkins, 19%).parturition is often difficult
because of numerous litters and body proportiorguofea pig pups. The head of a pup
measures one third of their body size. The litiee ®f guinea pig counts from three
to seven pups. Guinea pig females do not reducdittbe size by devouring pups
(Sykora et al., 1983) but large litters are asgediavith stillbirths (Hisaw et al., 1944).

Mothers are the major caregivers of pups, allosngkamong other females
in harem is also common (Takamatsu et al., 200BhoAgh males are tolerant towards

the pups, they do not provide any care (Beisielff93; Adrian et al., 2005).
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2.5 Development of the newborn guinea pig

The birth body mass of guinea pig pup varies with season of the year,
the breed, the litter size (Sykora et al., 1983) éime duration of the pregnancy.
Their body mass at birth ranges between 40 anddl@Banks, 1989). According
to Banks (1989), guinea pig pup born with body niass than 50 g, often dies several
days after birth.

Similar to other hystricomorph rodents, a newboguinea pig has well
developed skin (Sykora et al., 1983) and is cedvewrith hair, its eyes are open
and it is also fully vocal (King, 1956; Rood, 197&uinea pig pup can make a variety
of sounds at birth and the vocal repertoire of ybang is almost identical with that
of the adult (Ehret, 1980). Newborn also posses®ldped incisors as well (Sykora
et al., 1983). Its thermoregulatory activity is dmretrable from the day of birth
(Blatteis, 1975). On the other hand, during thetfiveek, guinea pig pup is not able
to urinate and defecate itself and it is dependgitn licking of the perineal area
by the mother to stimulate these reflexes (HarkaessWagner, 1995).

The growth and development of newborn guinea pigery fast. During the first
two months, guinea pig gains weight from 2.5 to §.per day. The weaning starts
between 21 and 28 days after birth (Sykora et1883) when the pup’s body mass
of 150 - 200 g is reached (Harkness and Wagner5)198uinea pig grows until
15 months (Banks, 1989) when adult body mass rea®®® - 1200 g in males
and 700 - 900 g in females (Cabrera, 1953; Wei741Ximénez, 1980; Harkness
and Wagner, 1995; Eisenberg and Redford, 1999).

Birth 1 month 2-4 months 15 months
weaning sexual maturity end of growing
pe——————=i}

Figure 2. Critical points in development of guinea pigs @ding to Stockard
and Papanicolaou (1917); Young et al. (1935); Syletral. (1983) and Banks (1989).
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2.6 Communication of guinea pig

Guinea pigs as well as other mammals use olfactartile, visual and vocal
channels for communication. Using of specific crerdepends on several conditions,
for instance energy and time cost of coding andodeg information, distance
and environment conditions etc. (Walker, 1998).

The chemical communication is mostly used in soc@iganization
and individual recognition. Guinea pigs are able tecognize individuals
by information contained in urine (Beauchamp, 1953) perineal (e.g. Beriter et al.,
1974) or supracaudal secretions (pheromones) conrbination of these odors (Martin
and Beauchamp, 1982). This sort of communicationsisd for example in marking
territory (e.g. Johnson, 1973), distinguishing kew familiar and non-familiar animals
(e.g. Bronson, 1968) and predator recognition (Ayafeh et al., 2005).

A tactile cue of communication has one main restradistance. Close contact
is necessary. Tactile sort of communication is eissed with sexual context (kissing,
grooming etc.) agonistic behaviour (biting) or teaship between parents and their
offsprings (Walker, 1998).

Guinea pigs have a well developed sense of hedltagtin and Beauchamp,
1982) ensured by the middle ear and cochlea (F26086). Middle ear of guinea pig
as well as of degu and chinchilla has a lengthdmestl of malleus with extending
rostrally from the malleoincudal articulation. Thealleus and incus is fused, a bony
spicule passing through the foramen of the staped, a pars flaccida is absent.
The guinea pig and chinchilla maintain a stapediuscle and the tensor tympani.
Septa are lacking in the guinea pig (Argyle and &mas2008). These morphological
specifics are associated with hearing of low fremies (Mason, 2013). Despite this
fact, hearing range of guinea pig is relatively avidliller and Murray (1966) affirmed
the hearing ability of guinea pig from 0.125 tol32z and Heffner et al. (1970) proved
a hearding range of guinea pigs from 0.086 to #bL5. Anyway, the maximum audible
sensitivity is between 0.5 and 8 kHz (Miller and My, 1966) or around 8 kHz,
but individual differences in sensitivity may vamth the age and body mass (Heffner
et al., 1970).
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Eyes of guinea pigs are located on the sides ohda&l and enable them large
vision field. Their optical angle ranges betweerb 23hd 340° (Prince, 1956; Duke-
Elder, 1976). According to Jacobs and Deegan (189dy have dichromatic colour

vision and they are probably able to distinguistwieen green and red colour.

2.6.1 Acoustic communication

Acoustic signals are very variable due to changekequency and amplitude
modulation. They can be used in communication undstinct environmental
and social situations. By changing the particuustic parameters, sound signals can
be adjusted to long or short-range communicatioepddding on call frequency,
acoustic signals can be more or less easy to |¢kttder and Hamilton, 1966).

All communicative events must consist of at ledsed basic components:
caller, signal and receiver (Wiley, 1983; Bradband Vehrencamp, 1998). In general,
the signal transfers information about the statdhef caller - its motivational state
(zahavi, 1981), emotional state and physical charestics (e.g. Harris et al., 2006;
Pfefferle and Fischer, 2006). The receipt of thgmal may elicit specific behaviour
of receiver.

There are known at least two hypotheses directed the function
of communication (Owings and Leger, 1980). Thet finse - “information hypothesis”
(e.g. Smith, 1977), states that both the caller d@he receiver have benefit
from the transmission of information received bycbang the signal. In contrary,
the “manipulation hypothesis” (e.g. Charnov and l€rel1975; Dawkins and Krebs,
1978) means that the caller manipulates the receaivea way that is favourable
for the caller and the benefits of receiver areimportant.

Also the motivation of caller and structure of B@sunds play important roles
in acoustic communication. This relationship is tbdsscribed by “the motivation-
structural rules” of Morton (1977). They state tlarsh sounds with low frequency
indicate that the caller is unfriendly and can @ittthe signal receiver. In comparison
with those, tonal sounds with high frequency areittech by submissive, fearful

or friendly animals (Morton, 1977).
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2.6.1.1 Vocal repertoire of guinea pig

Vocal repertoire of wild cavy was characterizedi@tail by Monticelli and Ades
(2013). Arvola (1974), Berryman (1976) and Coul@882) described vocal repertoire
of domestic guinea pig. Arvola (1974) was the fissientist who in more detail
described the structure of vocalizations and thamctions just as Berryman (1976),
who devoted her study to physical structure ofdigmals and their functions. Coulon
(1982) dedicated his attention to social contextvotalizations. For this author,
the grade of distribution over time (rhythmic timis) the primary factor for vocal
description. Each of these authors described vaatadns of guinea pig using different
terms. In this thesis, | am using primarily ternfid8erryman (1976), but | also mention
other terms of the other authors.

The vocal repertoire of guinea pig has many costeBerryman (1976)
described 11 different calls in guinea pigs aceggdheir functions; she divided them
into 5 categories such as calls used to increageirpity, greeting and proximity-

maintaining calls, proximity-regaining calls, dests calls and alarm calls.

Table 1 Vocal repertoire of guinea pigs according to Beran (1976)

Vocalization | Duration [s] | Frequency range [kHz] Nunber of harmonics
Tweet 0.01-0.15 0.5-4.75 1-2
Low Whistle 0.05-0.15 05-4 1-7
Whistle 0.15-0.55 0.5-30 3-14
Chut 0.025 - 0.05 0.25-3 1-2
Chutter 0.04 - 0.40 0.25-6.5 1-5
Whine 0.05-0.475 0.25-16 1-5
Squeal 0.05-0.25 0.50-18 3-12
Scream 0.20-0.45 0.5-30 3-12
Purr 0.525 - 3.60 02-2 1-7
Drrr 0.20-0.80 0.2-17 1-4
Chirrup 0.025 - 0.05 15-6 1-3
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2.6.1.2 Characteristics of particular sounds

Tweet

The tweet is a typical infantile call. Tweet occtws up to five days after birth
when the pup lives with its mother (Berryman, 1978)is vocalization is heard rarely
after ten days of guinea pig’s life (Ehret, 1980 at is connected with anogenital
cleansing by the mother (Berryman, 1976; Coulon82)9 Moreover, tweet can
be produced in case of mother-pup separation whencbntact is not achieved
(Eisenberg, 1974). Only few occurrences of the-madembling tweet were noted
in adults. In them, all occurrences of this callreven conjunction with mating
(Berryman, 1976; Coulon, 1982), specifically withdraction between male and female
in oestrus or with male who smells female’s urirerk{Monticelli and Ades, 2013).

Tweet is a sound of low frequend® - 4 kHz). It is a soft call almost
imperceptible to human ear, audible to only shtathce (Berryman, 1976). Tweet has
several harmonics and sounds like a separatiorwteditle composed by a quick sharp
frequency increase of 1 kHz (Berryman, 1976; Mailiand Ades, 2013). King (1956)
termed this call as “high-pitched series of squealsd Coulon (1975) called this
vocalization “le cri du jeune par la leche femelle”

Although | am in daily contact with guinea pigshad a chance to hear this
sound only once. It was in adult female guinea pigich was living with her adult
female offspring. In this case, guinea pigs wer¢ close to each other, but they
maintained visual contact with each other. The dowminded me of song of a bird.

I managed to record this sound that can be se#eispectrogram below (Fig. 3).

Figure 3: Spectrogram of tweet.
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Low whistle

Low whistle and whistle are the major sounds ohgaipig (Arvola, 1974; Suta
et al., 2003). Even guinea pig pup younger thahd@#s makes low whistle abundantly
when it is separated from its mother (Arvola, 19E)en Berryman (1976) affirms that
low whistle is generally connected with separatiand situations eliciting fear.
But according to Berryman (1976), this vocalizatadso follows the occurrence of any
stimulation associated with maintenance and cathefanimals, for example rustling
of hay. Guinea pig individuals learn to know thssaciation very rapidly (Berryman,
1976).

Low whistle occurs alone or in conjunction with t®of whistle. Low whistle
has a small frequency range and number of harmd@Rigs 4), this vocalization is not
made up of several units like chutter. The highesergy occurs in the lower
frequencies of this call (Berryman, 1976). Peard@Y0) called this sound “whimper”

and Arvola (1974) “sociable squeal”.

kHz
20

15

10

Figure 4: Spectrogram of low whistle.

Whistle

Generally, whistle as well as low whistle occursdwo contexts. The first one
Is associated with isolation, when guinea pig paps separated from their mother
(Berryman, 1976; Coulon, 1982; Tokumaru, 2000; Numili et al., 2004; Monticelli
and Ades, 2013). This call with this context is #ed only by pups up to four or five
weeks (Pettijohn, 1979a; Baklova, 2011; Monticehid Ades, 2013). The second
context is connected with expectation of food (femdicipation-whistle) (Arvola, 1974,
Coulon, 1982; Ades et al., 1994; Monticelli and 8d2011). These calls are very
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similar (Ades et al., 1994). Results of Corat ef{2012) lead to opinion that these calls
are the same, with identical basic structure diffgronly in context only. Berryman
(1976) does not distinguish between the isolatidristhe and the food-anticipation
whistle; she associated these two contexts with Iawvistle. Coulon (1982)
differentiated between them and found term foragoh whistle “le cri de quéte
et sifflement d"appel” for food-anticipation whistlArvola (1974) also distinguished
between these two whistles. The author called sb&ation-whistle “agitating squeal”
and the food-anticipation whistle “shrieks of hungad thirst”. The first one has
a naso-oral emission, the second was describeduthora as the most pure oral
vocalization. Generally, when one guinea pig stads make this vocalization,
it provokes similar sounds in the other guinea fgwvola, 1974). Andrew (1963) calls
the whistle “squeak”.

Whistle consists of distinctive high-pitched soucdmposed of several repeated
harmonic notes (Fig. 5) with marked frequency matiah (Berryman, 1976; Pettijohn,
1979a; Tokumaru, 2000; Monticelli et al., 2004).isThall is based on an initial low
whistle structure, which has been extended int@regdr and higher frequency call
(Berryman, 1976). A dominant frequency moves aro@iridHz and a mean frequency
of 3 kHz (Monticelli et al., 2004). The interval theeen whistles is very variable.
Whistle is often given after a bout of low whistierryman, 1976).

Figure 5: Spectrogram of whistle.
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Chut

This vocalization is one of the commonest callgwihea pig. It occurs during
all social interactions in males and females ofaglés (Arvola, 1974). In adults, chut
Is connected with exploring behaviour and it carhbard when guinea pigs make each
other’s acquaintance (Arvola, 1974; Berryman, 1@djlon, 1982). When the stranger
is exposed to contact with other guinea pigs, the occurs (Berryman, 1976). Guinea
pig individuals emit chut even in fear (Arvola, ¥9Berryman, 1976; Coulon, 1982).
One-week-old guinea pig emits chut during sniffiagd. Chut is emitted by the mother
during suckling of the young, it also stimulategrthto defecate and elicits other
activities concerned with maternal behaviour (Beray, 1976).

Chut is produced by rapid respiratory movementsvgk, 1974). It appears
almost atonal (Berryman, 1976). The mouth is simgk lgos and tongue do not move.
When guinea pig emits this call, also ear movemeatsbe observed (Arvola, 1974).
Chut is often accompanied by nosing, sniffing ambikg (Arvola, 1974; Berryman,
1976; Coulon, 1982).

Chut is the lowest-tone vocalization produced binga pig. A slight increase
of frequency is observed towards to the end of (&#rryman, 1976). According
to Arvola (1974) and Berryman (1976), this soundstsort, nasal, not abrupt,
and appearing singly (Fig. 6) or in pairs as “deuttiut” (Fig. 7).

Pearson (1970) and Eisenberg (1974) called thedstelock” and according
to Arvola (1974) this sound is called “subsoundtvéla (1974) divided this call into
low-pitched subsounds, high-pitched subsounds agh-gitched double subsounds.
Coulon (1982) called chut “le cri de la cohésiortiale” and Monticelli (2005)
interpreted the call in Portuguese like “cos”.

0.2 0.4 s

Figure 6: Spectrogram of single chut.
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kHz
20
15

10

Figure 7: Spectrogram of double chut.

Chutter

Chutter is another typical guinea pig vocalizati@uta et al., 2003). Chutter
occurs during courting and also in situations ohiidly aggressive kind (Berryman,
1976; Coulon, 1982). Infant emits chutter when tlaen avoids nursing (Berryman,
1976).

Chutter is a tonal vocalization of higher maximuraguency than the chut
(Berryman, 1976). This vocalization is a seriesvafiable noise bursts and chirp
(Fig. 8). It is an isolated short acoustic impugigh harmonic structure (Suta et al.,
2003). Chutter may also be accompanied by boutshifies and by tooth chattering
(Berryman, 1976). Arvola (1974) called this vocatian “the sociable squeal”, Coulon
(1982) termed this vocalization “le cri de contsatial”.
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Figure 8: Spectrogram of chutter.
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Whine

Whine is a sound of fully-grown guinea pig, it hasver been observed
in guinea pig pups (Arvola, 1974). Berryman (192a@d Coulon (1982) connected
the context of whine with that of chutter. Whinecors in situations associated with
sexual excitement, in situations of mild discomfartd it is related to agonistic
interactions (Arvola, 1974; Berryman, 1976). It Ggpear after a prolonged occurrence
of these situations (Berryman, 1976). In males ne@haccurs frequently in conjunction
with chutter, tooth chattering (Berryman, 1976)rrpand squeal. During emitting
of whine, the mouth of caller is closed (Monticalhd Ades, 2013).

The shape of whine is highly variable; it is comgb®f various kinds of notes
(Berryman, 1976). All whine notes have harmoniaudiire (Monticelli and Ades,
2013). Intensity often increases towards the enthisfcall (Berryman, 1976) as can
be seen in Fig. 9. Pearson (1970) termed this atmn “warble”, Arvola (1974)
called it “squeak-squeal” and Monticelli (2005) ftgt'.
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Figure 9: Spectrogram of whine.
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Squeal

The squeal is associated with agonistic interac{®erryman, 1976; Coulon,
1982), for instance in the case of light injuriesn others (Berryman, 1976; Monticelli
and Ades, 2013). This call is also emitted durimgpdtes over food or in situations
when the pup tries to nurse and its mother ref(idesiticelli and Ades, 2013).

It is an oral sound; during squeal, the openingnuiuth (Arvola, 1974;
Monticelli and Ades, 2013) and movements of lipsl dangue are visible. The air
streaming through the glottis makes the squeal. Sthesal of newborn guinea pigs
is jerky because of small volume of their lungs\@a, 1974).

This vocalization occurs almost singly (Berryman978) but it could
be accompanied by a burst of whines (Monticelli @ats, 2013). Squeal is the most
variable and has the greatest variability in itsicure. There are many harmonics
in squeal (Fig. 10). The greatest intensity isha fundamental and lower harmonics
(Berryman, 1976). Arvola (1974) called this vocatinn “after shriek”, Coulon (1982)

“le cri de stress” and Monticelli (2005) termedsthrocal call “chorinho”.

Figure 10. Spectrogram of squeal.

Scream

Scream is associated with aggressive encounterssewete injuries (Arvola,
1974; Berryman, 1976; Coulon, 1982; Monticelli a~des, 2013). Scream has been
recorded also in situations when guinea pig is galyedisturbed (Arvola, 1974;
Berryman, 1976). Young guinea pig makes this somhen it perceives major changes
in housing (Berryman, 1976).

Scream is a harsh and piercing sound (Berrymang)19he sound is loud

at the end, if the guinea pig has not much airtsnlung, the sound may be stopped
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in the middle (Arvola, 1974). This vocalization hasany, up to 12, harmonics
(Berryman, 1976). The intensity of the call is desain the lower harmonics but tends
to be well maintained throughout the call (Fig..1%fream may occur in bouts with
a separation call whistle (Berryman, 1976). Arv@l®74) called this call “distress

squeal”.

Figure 11 Spectrogram of scream.

Purr

Purr occurs during courtship and it is mostly ahleurtship call (Monticelli
and Ades, 2011). In adults, purr is usually accamgzh by circling and swaying
around the other one in pair. This behaviour isvkma@as rumba (King, 1956; Rood,
1972; Berryman, 1976; Coulon, 1982). Purr also oxcluring aggressive encounters
(Berryman, 1976; Monticelli and Ades, 2011). Youmminea pig purrs when
approaching and suckling from the mother (Berryni&¥,6). However, Coulon (1982)
affirms that guinea pig pup does not make this daduring the first 14 days of life.

Purr is the longest vocalization made by the gupiga The length of this purr
and its occurrence distinguishes this sound fromn (Berryman, 1976). The purr
is formed by units short identical, repeated ataéqutervals to form a sentence
(Fig. 12) (Arvola, 1974; Berryman, 1976; Coulon 829 Berryman (1976) describes
this purr like a sound with higher frequency in tast elements of sounds. According
to this author, the frequency of the pulses camesse in the second half of sound
phrase. Purr of a female contains higher harmotias that of a male (Berryman,
1976).
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Purr is called “rumble” by King (1956), “rut rumbleby Rood (1972)
and Arvola (1974) and “purr” by Eisenberg (1974ddBerryman (1976) and “cri
rythmique sexuel” by Coulon (1982). Monticelli (Z)0called this sound “chamado

de corte”.

Figure 12 Spectrogram of purr.

Drrr

Drrr is alarm call for short distances (Arvola, 29Berryman, 1976; Coulon,
1982; Monticelli and Ades, 2011). Drrr provokeselzeng or posture of attention
in the receiver (Eisenberg, 1974; Berryman, 1976ntitelli and Ades, 2011). Caller
emits drrr as an alerting call trying to catch #teention of surrounding guinea pigs.
It often elicits a corresponding call from all theimals in the group (Berryman, 1976).
Arvola (1974), Berryman (1976) and Coulon (1982hroect drrr also with sudden
change in the environment or general environmedisiurbance. High frequency
sounds, even of low intensity (the clink sound et sf keys), may elicit a drrr
in guinea pigs (Arvola, 1974). Monticelli (2005) s#yved drrr sound during
environment exploration. Males and females of giksaemit short sentences of drrr
(Kunkel and Kunkel, 1964). However, in a guinea paunger than one week, drrr
cannot be interpreted as an alarm call. In genseal, age and body mass do not change
the structure of drrr (Arvola, 1974).

Arvola (1974) characterizes this call as a nasahdoDuring drrr only small
movements of sides of the posterior tongue appéhrtihe mouth closed. The resonant
cavity is the nasal cavity and trachea. The dumabb the pulses usually increases
from the middle towards the end of the sentencéewdecreasing the intensity (Arvola,
1974). Drrr has one to four harmonics (Fig. 13)r(gman, 1976).

29



2% LITERATURE REVIEW

King (1956) described this call like as “low-pitcheumble”, Rood (1972)
and Arvola (1974) called this vocalization “alaremble”, Eisenberg (1974) termed
this call “tutt tutt” and Coulon (1982) “cri rythmiile d’alerte aux sons”. Monticelli

(2005) called purr “chamado de alerta”.
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Figure 13 Spectrogram of drrr.

Chirrup

The chirrup is a long distance alarm call (Monticahd Ades, 2011) rarely
occurring in domestic guinea pig (Berryman, 1976ul6n, 1982; Monticelli and Ades,
2011). This warning vocalization evokes respongeestlier animals (Monticelli, 2005)
and evokes freezing of receivers (Ehret, 1980; yBean, 1976). Berryman (1976)

associating this call with disturbance.

kHz
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Figure 14: Spectrogram of chirrup.

30



2% LITERATURE REVIEW

Chirrup is an oral sound. During this vocalizatidine mouth is slightly open
and the resonance takes place in oral cavity (Arvb974). It consists of long series
(up to 15 minutes) of fast repeated notes (Morijc2D05). The greatest intensity
is shown at the lowest frequencies (Fig. 14 abdBeyryman, 1976). Arvola (1974)
and Coulon (1982) described this vocalization &oag”.”

2.6.1.3 Sound formation

The vocal production is based on the system ofdurgcal tract and larynx
(Fitch, 2006) and several characteristics of thealofolds in the larynx, such
as the mass, length and elasticity (Fitch and Ha@¥?2). The vocal tract consists
of muscle fusculus vocaljs ligament [jgamentum vocale connective tissue
and a mucosal cover (Schneider, 1964) of oral aamshincavities (Stevens, 1998).
In Fig. 15, an x-ray of head of guinea pig with trechea can be seen. However, the
vocal tract of guinea pig is not visible either Kyray, or by computed tomography
(CT). Investigation by endoscope is not safe imgaipigs. The mucosal cover may be
injured by probe and it can cause swelling and emiipig may suffocate. This is the
reason why it is possible to investigate the vogatt only in dead individuals
(Sekyrova, 2016, pers. comm.).

Vocalization is generated by the co-activation afcal cord and laryngeal
muscles (Shiba et al., 1996). Laryngeal muscledmded into internal and external.
External muscles are responsible for up and dowwement of the larynx affecting
the vocal tract length and vocal tract shape. Titermal muscles of the larynx
are responsible for opening and closing the vooad< (Fitch and Hauser, 1995), which
are small and poorly developed in guinea pig (Brevemd Cruise, 1997).
The production of sound is the secondary functibrlaoynx; its primary function
is the protection of trachea against food (Schmeit#64). Once air is inside the larynx,
it follows the usual course to the lungs (Coopeatt &chiller, 1975). The air powered
by pressure of lungs vibrates at certain resoneequencies - the space between
the vocal cords, which are designated as glottisr{(pton et al., 1997; Stevens, 1998).
The vocal cords vibrate and the volume of air isdolated. The vocal tract acts
as a filter and operates independently of the so(ffdch and Hauser, 2002). A sinus
wave - fundamental frequencio] and a series of its multiples called harmonias ar

created. Fundamental frequency is related to the aawhich the vocal cords open
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and close and is determined by the length, strasthe vocal folds and their tissue
density (Titze, 1994). Based on narrowing in thealdract, the harmonic frequencies
(also the fundamental frequency) can be prolongefdre the sound leaves the oral
cavity (Stevens, 1998). Air moves in vocal traall amakes formants. They run as filters
which form vocal product. Formants frequencies specified by length and form
of vocal tract, for example larger animals prodlaseer formants because of long vocal
tract (Crompton et al., 1997).

Trachea

Figure 15 X-ray of head and trachea of a guinea pig (phidaderina Sekyrova).

Guinea pig can produce three types of sounds: rsasalds through the nose,
oral sounds through the mouth, or naso-oral asnabowtion of these two (Arvola,
1974; Fitch, 2006). Nasal sounds are softer thahswunds because of spongy filling
of nasal passages (Fitch, 2006). The naso-oraldsoare the majority of guinea pigs’
vocalization. These sounds are also the loudestin@uhis vocalization, the nasal
cavity (nostrils and soft palate) and oral cavitpger lip, hard palate, tongue and teeth)
act as resonating spaces. The mouth may be slighéy with much of sound through

the nose. When the mouth is widely open, the samintbarer (Arvola, 1974).
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2.6.1.4 Voiceless vocalization (tooth chattering)

Just as other caviomorph rodents, guinea pig hadly@®0 teeth, the dental
formula is 2 (4 C% P%4 M 3%) (e.g. Smallwood, 1992). Tooth chattering
is produced by rubbing of the upper incisors adaite lower ones (Kunkel
and Kunkel, 1964), but the grinding of molars atemtributes to the sound (Arvola,
1974; Monticelli and Ades, 2013). This vocalizatisncomposed of very short units
(see Fig. 16) - pulses of 0.01 - 0.06 s repeatsti@t intervals 0.01 - 0.05 s (Monticelli
and Ades, 2013).

0.2 0.4 0.6 0.8 1.0 s

Figure 16. Spectrogram of tooth chattering in domestic gaipi.

Tooth chattering accompanies agonistic interacti@g. King, 1956; Kunkel
and Kunkel, 1964; Messias, 1995; Monticelli, 2088y it is mainly produced by adult
males (Arvola, 1974). They chatter their teeth befand after a fight (Arvola, 1974)
and the defeated males chatter their teeth morettiewinners (Kunkel and Kunkel,
1964). Even a young guinea pig is able to prodbteoiceless vocalization; it starts
to chatter its teeth two days after birth (Arvdlay4).

Tooth chattering was also described in other ragjenfior instance
in capybara Hydrochoerus hydrochaerigAzcarate, 1980; Barros et al., 2011),
in European ground squirr8permophilus citelluge.g. Schneiderova, 2008), Rattus
rattus (e.g. Kruk et al.,, 1983) or silvery moler&teliophobius argenteocinereus
(e.g. Knotkova et al., 2008). My own experience tegeetedly been that | noticed tooth
chattering also in rabbit©fyctolagus cuniculys hamstersNlesocricetus auratysrats
(Rattus norvegicys and degus @ctodon degys | noticed that the speed
and intensity of tooth chattering express the odnté this vocalization. Quick, loud

and regular tooth shattering indicates anger an péithe animal whereas quiet, slow
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and occasional chattering means contentment, fetamge in case of caressing,

and some kind of favour to those who caresses.

2.6.1.5 Ultrasonic vocalization

Ultrasound is defined as a sound of frequency highan 20 kHz (Anderson,
1954). This sound is inaudible to humans withouhgisa special equipment - bat
detector (Portfors, 2007). However, for some roslenttrasound plays an important
role in their social life (Corrigan and Flanell\979).

There has been abundant research of ultrasounidritiah pup of rats Rattus
norvegicu$ and mice fMus musculus(e.g. Sewell, 1970; Sales and Pye, 1974). During
the first weeks of life, rat pup separated from thether emits ultrasound to attract
adults, especially lactating female and stimulaetb searching for the lost pup (Noirot
and Pye, 1969; Allin and Banks, 1971; Sales and P9@4; Oswalt and Meier, 1975;
Blumberg et al., 1992; Branchi et al., 1998; Sal#899). Except for this fact,
by emitting ultrasonic vocalization, pup helps thwther to localize its position
(e.g. Smotherman et al., 1978; Brewster and Le®801Brunelli et al., 1994; Inhat
et al., 1995).

The ultrasonic vocalization in the young and adadimals has a different
function. In adult rat, two different types of @sonic vocalization appear. The first one
is alarm call with the frequency of 18 - 32 kHz @asated with anxiety, stressful,
dangerous situations and predator detection (eatjwksser, 1990; Burman et al., 2007;
Wohr and Schwarting, 2007). The second type is krasonic vocalization with
frequency of 50 kHz. It is emitted together withayful or sexual behaviour
(Brudzynski and Pniak, 2002; Musolf et al., 2009).

Not only in altricial rodents is the ultrasonic atization common (Anderson,
1954; Sewell, 1970; Sales and Pye, 1974). Ultrasomas found also in precocious
rodents, for instance in degu pupctodon degyswith the highest maximal frequency
61.6 kHz, as can be seen in Fig. 17 (Long, 20089, ia capybaraHydrochoerus
hydrochaeri$, which can achieve the maximum frequency of 183€ kHz (Nogueira
et al., 2012).
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Figure 17: Spectrogram of loud whistle sound produced bgetor four-week-old degu
(Long, 2009).

In guinea pig, two types of sounds which can exdbedfrequency of 20 kHz
are known. The first one is whistle and the sedsnchlled scream (Berryman, 1976).
The maximum frequency of whistle sound obtainedTiokumaru et al. (2004) was
22 kHz. However, during my study for master thesggnal of some whistle
spectrograms showed a potential possibility to iooet over the frequency 22 kHz (see
Fig. 18). It corresponds with Berryman (1976) wiforas, that whistle and scream can
reach frequency 30 kHz. Monticelli and Ades (20&8amined the repertoire of wild
cavy and they claimed the frequency in scream seandcexceed 24 kHz.

Figure 18 Spectrogram of whistle sound and the highest barmn exceeding
the frequency of 22 kHz.
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2.6.1.6 Vocal ontogeny

The increasing body mass is related to the sizekofl and to the length
of vocal tract. The changes in length of the vdadt and the size of lungs and larynx
may change their capabilities and cause changefistnbution of energy in some
acoustical parameters. The relation between acopatameters and body mass plays
the main role in development of vocalization. Tlwedg of this relationship is called
acoustic allometry (Titze, 1994).

In my earlier observations | registered an increabecall duration within
the four week period (Baklovd, 2011). It may bermuted with the growth of lungs.
Webster and Liljegren (1949) indicated that theglumass increase as long as the body
mass does. Lung growth is associated with chanigesi@ mass and volume - increase
of capability and enlargement of alveolar and ¢apjilsurface. However, the lung can
increase in size without increasing of body masadiy, 1970; Thurlbeck, 1975). This
fact indicates that the body mass may have notienite on longer duration of calls.
According to Lechner and Banchero (1980), the valuwhlungs, alveolar and capillary
surface area increases simultaneously with agedeetwhe second and the fourth week
of guinea pig’s age. The results of my study shosteahg increase of call duration
from the first to the second week and from thedthar the fourth week of life. Between
the second and the third week, the increase of diathtion was not so noticeable
(Baklova, 2011). The same increasing trend in chitation showed the results
on guinea pigs of Corat et al. (2012). These astimoentioned also lower frequency
parameters and lower rhythm of call emission dumgmgwth of guinea pigs (Corat
et al.,, 2012). Vocal cords are the main determiranvoice frequency; long cords
produce low frequency and frequency parametersedser as the vocal tract grows
(Titze, 1994).

2.6.1.7 Vocal individuality and specimen recognitio

In vocal individuality two terms are distinguisheddiscrimination
and identification. Discrimination demands thatiwduals vary in one time enough
to be distinguished. Identification is difficult tdemonstrate. It requires that vocal
characteristics of an individual remain constanttime to be associated with that
particular animal (e.g. Peake et al., 1998). Ideation based on individually unique
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vocalizations is a prominent and functionally intpot aspect of signalling among
animals in several contexts (Bradbury and Vehrempcab®98). Vocal individuality

is important for several reasons — for indicatibmale quality which influences female
choice (e.g. Steenbeek and Assink, 1998), in makem competition

(e.g. Mager et al., 2007) and for allowing indivédluecognition of family members

from strangers (Falls, 1982; Ydenberg et al., 19838&pman and Lefebvre, 1990; Wich
et al., 2002; McComb et al., 2003). According toeBeer (1991) pup discrimination
may be especially important when infants are mohitel other females with their
offspring coexist within the group. Individual regotion produces mutual benefits
to avoid misdirected maternal care, energy experelifrom mother and the risk
of injury of the young by approaching unrelated &as (Trivers, 1974). In precocial
wild cavy living under the polygynous mating systémgroups of several females
(Asher et al., 2004) the mother-pup recognition naéso play a role. Mother can
discriminate her pup (Fullerton et al., 1974; Tolum 2000; Kober et al., 2007)
as well as pup is able to recognize its motherléRoin et al., 1974; Pettijohn, 1979b).
Cavy is able to discriminate other family membemwsrf unfamiliar ones (Beauchamp,
1973; Cohn et al., 2004). Individual recognitioayd an important part of cavy’s social
system; it can also maintain stability of socialisture (Sachser, 1998). Individuals can
be discriminated by vocal parameters (Tokumaru let2804; Terry et al., 2005)

and by olfactory cues as well (Jackel and Trillmi2803; Kober et al., 2007).

2.7 Predator identification and alarm call

Discrimination of predators is vital and thus widesad among animals
to decrease the predation risk by avoidance of elaug situations. Prey species
commonly detect predators by visual or acousticclibe prey also uses olfactory cues
of predators, such as feces, urine, fur, or segretof anal glands, to estimate the actual
predation risk even when the predator is absenthdéncase of failure of prey species
to recognize and respond to a predator, the prbtyati capture by predator increases.
As a result, there should be strong selection pressn prey to distinguish between
predatory and non-predatory species. Prey aninhallsgive an antipredator response
upon encountering a non-predator waste valuable #éind energy that would otherwise
be available for other activities such as foragamgl reproduction (Lima and Dill,
1990).
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Predator discrimination can be ensured by innateasned mechanisms (Hollén
and Radford, 2009; Brown et al., 2013). The abibfyprey species to discriminate
predators was described for instance in Beldingsumgd squirrelsSpermophilus
beldingi (Turner, 1973), in rabbit®ryctolagus cuniculugVitale, 1989) or even in wild
caviesMicrocavia australis(Taraborelli et al., 2007). Many social-living et species
emit alarm call, species-specific vocalization, warn conspecifics about presence
of predator (e.g. Sherman, 1977; Hasson, 1991; 8teim and Armitage, 1997; Hollén
and Radford, 2009). Moreover, some species, fomeia California ground squirrels
Otospermophilus beechefMarler et al., 1992; Evans et al., 1993), tanm8aguinus
fuscicollis and Saguinus mystagirchhof and Hammerschmidt, 2006), lemusmur
catta (Fichtel and Schaik, 2006), guerezas Colobus gael&chel et al., 2010)
and chickensGallus gallus domesticugEvans et al., 1993) are able to differ
the presence of terrestrial predators from theaberies by producing a unique alarm
call (e.g. Marler et al., 1992; Evans et al., 199i8htel and Schaik, 2006; Schel et al.,
2010). Alarm call varies according to situatiompeyof predator and degree of danger
(Blumstein, 1999). Some species are able to prodewan different alarm calls
for specific types of predators. This warning sigma called “referential call”
(Blumstein and Armitage, 1997); it provides infotioa about the specific objects
in the environment (Evans et al., 1993). Alarm adllmammals may be even more
particular, for instance Bonnet macaquésac¢aca radiata produce different calls
to alert to the presence of leopard and eagle &gyet al., 1980; Coss et al., 2007).
The warning call differs in three ways: in emissrate of call, in acoustical structure
and distinctiveness or in intensity (Blumstein, 999

The alarm call is considered as a key antipredsttategy (Hollén and Radford,
2009), it can increase the possibility of succdsseficape of signal receiver (Weary
and Kramer, 1995). Alarm call seems to be highlgdbeial for prey species (Muller
and Manser, 2008). It is difficult to locate thigsal in space and the predator has
a lower chance to find a caller (Magrath et al.020 In addition to that, alarm call
alerts predator that is has been detected. Moreiiveforms predator about the caller’s
physical condition to avoid capture or about itsotation to fight (Fitzgibbon
and Fanshawe, 1988). The caller is being altruigtien attempting to warn nearby kin
of the presence of a predator. It can elicit hedpnf kin or reciprocal altruists (Rohwer

et al.,, 1976) or remain at a distance as respanskstress call (Hill, 1986). Rohwer
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et al. (1976) described the fact that individualthvkin or conspecifics nearby should
call significantly more frequently. Furthermore, d#tedt (1983) affirms that species
occurring in dense habitats call more than theratpecies occupying open areas.

The main alarm call of wild cavy is called drrr (Benman, 1976; Monticelli
and Ades, 2013). The function of drrr is to warmsé individuals - members
of the group (Monticelli and Ades, 2013). This sdwspreads for only short distances
(Arvola, 1974; Berryman, 1976; Coulon, 1982). Caalgo uses chirrup to alarm
or intimidate potential predator at long distan@denticelli and Ades, 2013). This
vocalization is almost absent in domestic guineg (Berryman, 1976). The last
warning signal chirrup is utilized by members witla stable group which are diffused
over large area. Receiver reacts to this soundd®zing or by running to shelter when
a predator is approaching (Monticelli and Ades,301

Predators attack wild cavy from the air, on theugdy and from the water
(Asher et al., 2004). According to Gambarotta et(2999) these predators include
mammals such as little water opossuntreolina crassicaudatgFelidae); marsupial
Lutreolina crassicaudatgDidelphidae); raptors such &rcus cinereusC. buffonj
Buteo magnirostrigAccipitridae),Milvago chimangpPolyborus plancugFalconidae)
and Bubo virginianus (Strigidae), as well as some serpents suchPhsodryas
patagoniensis(Colubridae). The main mammalian predators of cawjude fox
Cerdocyon thous(Canidae) and the minor grisofalictis cuja (Mustelidae)
(Gambarotta et al., 1999).

2.8 Antipredator strategies

Encounter with a predator elicits anti-predator dvebur, such as vigilance,
the avoidance to reduce the risk of being preyed, lading (Kats and Dill, 1998;
Apfelbach et al., 2005). For small rodents, runrimghelter is the main way to protect
themselves from predators. Burrow offers protectgainst most of them (Garland,
1983; Heglund and Taylor, 1988). But even dense laghl vegetation is often used
by some small species as shelter from predatorsvdBxy 1990; Kotler et al., 1991,
Longland and Price, 1991; Lima, 1998; Tchabovskyalet 2001; Kraus and Rédel,
2004). Prey species may hide in vegetation or ples into which most predators will
not follow them (Garland, 1983; Heglund and Tayl988).
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Wild cavy does not dig burrows to protect itsetirfr predators; instead it hides
in rock piles (Heglund and Taylor, 1988) or move®tgh tunnels made in dense high
vegetation (Rood, 1972; Cassini and Galante, 19%her et al., 2004). Dense
vegetation seems to be a crucial microhabitat &tracfor wild cavy. The activities
of cavy in areas of short vegetation are limitedotdy short feeding periods (Asher
et al., 2004). The presence of a predator makeg kay, hide in shelter and freeze
(Rood, 1969; Rood, 1972; Cassini, 1991; Asher gt2804). Cavy is an excellent
runner; its maximal escape speed is 4.12 m pemsde€trillmich et al., 2003). Even
a newborn cavy is able to escape from predatoredRI072).

In an open space where no shelter is availableziing is a form of hiding
(Csanyi et al.,, 1985). In rodents, freezing (attentimmobility) is characterised
by immobile, crouching posture and some autononfianges, such as increased
respiratory rate and decreased heart rate (Fanséifd). Freezing occurs when prey
detects the predator, but predator does not percihig prey or in the case when
no escape way is possible (e.g. Azevedo et al.5)2Fdeezing may prepare the prey
for next defensive reactions (e.g. Blanchard et 286). Tonic immobility (playing
dead) is an innate physical inactivity (e.g. Klem2001). It occurrs when the direct
confrontation with predator is unavoidable and ¢hes an acute risk of death
(e.g. Azevedo et al., 2005).
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3 ei AIMS OF THE THESIS

1) To determine at what age the vocal individuality inwhistle of guinea pigs
appears

It is well known that guinea pig is able to distigh close individuals
(e.g. Beauchamp, 1973; Cohn et al., 2004). Thetylib recognize vocalization
of family members is used in mother-pup commundieatit is known that mother can
distinguish their pups from others and pups camgeize her (e.g. Fullerton et al.,
1974; Kober et al., 2007).

Vocal individuality of young guinea pigs was testedTokumaru et al. (2004)
and the discriminant function analysis showed $icgmt results of call classification
to correct animal to 70.2%. It follows that the &bzation of guinea pigs is individually
characterized already at the age of eight to tews d&okumaru et al., 2004). | wanted

to determine precisely, when the vocal individuadiability appear.

2) To examine the possible occurrence of ultrasonicgals in guinea pig pups

Ultrasound is a sound over the frequency 20 kHzdgkson, 1954). This sound
plays an important role in communication form fonadl mammals (Sales and Pye,
1974) with function in communication of offspringugnt, pair maintenance, territorial
defence and attraction in mating (Sales and Py#4;1Sales, 1999).

Except for altricial pups of mice and rats (e.gw8kk 1970; Sales and Pye,
1974), also precocious pups of caviomorph roddm, degu Qctodon degys emit
ultrasound signals. Degu emits isolation whistlmilsir to that of guinea pig (Kober
et al., 2007; Long, 2009). Signal of this call witte name “loud whistle” can reach
the frequency of 61.6 kHz (Long, 2009). Becauséhefwide hearing range of guinea
pigs up to 46.5 kHz (Heffner et al., 1970), | suggub that guinea pig pups can emit
ultrasonic vocalization, too. To the best of my Wexge, the occurrence of ultrasonic
vocalization was not confirmed in guinea pig (Seéwd969; Gregory, 2004).
The maximum frequency 22 kHz in whistle was recdrg Tokumaru et al. (2004).
However, Berryman (1976) affirms that the frequeon€yhis call can reach the range
of 30 kHz. Therefore, my second aim of this thes&s to examine the possible

occurrence of ultrasound vocalization in guineapig
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3) To test the possibility of distinguishing among temestrial and aerial types
of predators

The ability of prey species to recognize predat@sused to decrease
the predation risk (Lima and Dill, 1990). The d¢imec of predator is commonly
ensured by using olfactory, visual and acousticsoiats and Dill, 1998; Apfelbach
et al., 2005). Many prey species emit alarm cakmthey encounter predators (Klump
and Shalter, 1984). Some species are able to dlifiete the approach or presence
of terrestrial predators from the aerial ones bydpcing a unique alarm call
(e.g. Marler et al., 1992; Evans et al., 1993; tacland Schaik, 2006; Schel et al.,
2010).

Feral ancestor of domestic guinea pfgayia porcellu¥ is wild cavy Cavia
apereg, which spends the majority of daytime foragingsd to shelters. When
a predator appears, they run, hide in shelter et ¢ (e.g. Rood, 1972; Cassini, 1991).
Wild cavy also vocalizes to warn conspecifics amthtimidate the predator (Berryman,
1976; Monticelli and Ades, 2013). Predators attegkies from the air, on the ground,
and from the water (Asher et al., 2004). Unlike ¢awy, there is practically no threat
of predator attack in domestic guinea pig livinglenhuman-made conditions. Guinea
pig was domesticated approximately 3,000 - 6,008rs/de.g. Huckinghaus, 1961;
Herre and Rohrs, 1990) and since that time it lebred and fed by humans, who
also provide them protection from predators. | wasrested in whether the domestic

guinea pig is able to discriminate among sevegad$yof predators.

42



3% AIMS OF THE THESIS

3.1 Hypotheses

1) Vocal individuality of newborn guinea pig pups wile demonstrable immediately
after birth.

2) Guinea pig pups will produce whistle of frequenayher than 22 kHz.

3) Guinea pig individuals will react in a different wdo exposure of terrestrial

and aerial predator.
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4.1 Vocal individuality

4.1.1 Animals

For this research, 16 guinea pig pups (8 malesitales) were used. Guinea pig
individuals belonged to long haired breeds (sheltigerino, texel and coronet)
from the Jezerka breeding station in Strasin (5@ 14°7") in the Central Bohemian
region. Only healthy animal without any health peohs were used. Guinea pig pups
were not marked; they were individually recognizbdough natural colours of fur
(see Fig. 19).

Figure 19: Young guinea pigsA. Texel;B. Sheltie.

Guinea pigs were kept indoors with fixed tempematof 22 + 2°C without air
draught and other undesirable conditions. Relativeidity in the room was about
71%. All guinea pig pups lived in one quarter wother siblings and their mother. They
were stabled in wooden-plastic boxes of 60 x 405xcB (Fig. 20) with wooden
sawdust on the floor. Water and hay were providddibitum and pellets and fresh

vegetables (carrot and green pepper) once a daygdewrening.

Figure 20. Stabling of guinea pigs in the Jezerka breediagio® (photo: Michaela
Kralickova).
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4.1.2 Equipment

Vocalizations were recorded in .wav file on digitabcorder Marantz
Professional PMD661 with these settings: sampliatg 4.1 kHz; 16 bits; mono
channels; dynamic range > 87 dB. All guinea pigseweeighed on weighing-machine

with weighing accuracy: 1 g/0.1 g fl.oz/0.1 0z/1 mi

4.1.3 Software

All recorded calls were quantified by bioacoustisaftware Avisoft-SASLab
Pro, version 5.2.07 (Avisoft Bioacoustics, 2014).oufids were visualized
in spectrograms of the following parameters: FFigth: 512; frame size: 100%;
window: Hann; bandwidth: 129 Hz; frequency resanti86 Hz; overlap: 87.5%. Final
data were evaluated by software Statistica 12 g8ftainc., 2013) and the significance
level accepted was p < 0.05. DFA and cross-vabdaprocedures were performed
in IBM SPSS Statistics, version 20.

4.1.4 Data recording

Data were collected from June 2013 to SeptembeB 208 from January 2014
to March 2014 during afternoon. Each guinea pig pugs recorded five times
per testing period (on the day of birth = day 1 #&meh on day 3, day 5, day 7 and 9).
Each young guinea pig was separated from its mathdrit was placed into a plastic
box of 40 x 30 x 40 cm without bedding. The box \pkced in a different, acoustical
isolated room with no auditory or visual contacthwihe other guinea pigs. During
the recording period, neither water nor food wasvigled because of short time stay.
The recording session took two minutes. The diggabrder was located 40 cm above

the centre of the box and the vocalization wasnd=sh

4.1.5 Acoustic analyses

Twenty whistle sounds of the best quality (non-tagping sounds
with minimum background noise) from each testing ¢fa = 5) were marked. From
these marked whistles, ten were chosen by randdectiem and these sounds were
acoustically analysed. Finally, 50 sounds of eautividual, a total of 800 whistles.

The obtained calls were analysed using Avisoft S&SPro by manual procedure.
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Whistle notes were divided into two segments (ED:
1. Segment |: the part with little or no frequency modulatidrofn | to II).
2. Segment |1 the part with variable frequency modulation (frdrto I11).

kHz
20

15

10
v

SEGMENTI SEGMENT II

Figure 21: Spectrogram of whistle divided ingegment andSegment lI

The following acoustic parameters were measuredah whistle note:

Start time of the note {T«art): Measured in point |.

End time of the note [Teng): Mmeasured in point III.

Duration of the note Dur): difference between start and end time (I - IlI).
Start frequency (F«art). measured in point I.

End frequency Feng): measured in point 111

Frequency modulation F£M): interval between start and end frequency (1) Il

N o gk~ wDbdRE

Minimal frequency (Fmin): the point with the lowest frequency measured

on fundamental frequency.

8. Maximal frequency (Fumax): the point with the highest frequency measured
on 2'Y harmonics (point IV).

9. Frequency modulation EMy): interval between start and maximal frequency
of 2" harmonics (interval between point | and V).

10.Time of minimal frequency (Trmin): the time of point with the lowest frequency.

11.Time of maximal frequency Trmax): the time of point with the highest frequency

of 2" harmonics (IV).

46



4\{ MATERIAL AND METHODS

12. Start intensity (I gart): measured in point I.

13.End intensity (Ieng): measured in point Ill.

14.Modulation of intensity (IM): interval between start and end intensity (I }. 1l
15. Duration of Segment | (Durse): interval from | to II.

16. Frequency modulation ofSegment | (FMsg): interval from | to II.
17.Modulation of intensity of Segment | (IMsgg): interval from I to Il

18. Duration of Segment Il (Dursei): interval from 1l to 111

19. Frequency modulation ofSegment |1 (FMsg): interval from Il to 1lI.

20. Modulation of intensity of Segment Il (IMsg1): interval from Il to 111

4.1.6 Statistical analyses

At first, ANOVA repeated measures under GeneraeamModels (GLM) was
applied to test the changes in acoustic paramateog the each age category (n = 5).
Then, | excluded parameters with strong correlafior 0.85). | ordered remaining
acoustic variables based on their F-values andteeleghe first ten parameters with
the highest rank for standard discriminant functimmalysis (DFA) per each age
category. | performed DFA to reduce the number afiables and determine
the percentage of correct assignment of each ataln to correct animals. To validate

results of all DFAs, a leave-one-out cross-valmlagrocedure was used.
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4.2 Ultrasonic vocalization
4.2.1 Animals

Guinea pigs used for this study belonged to longebdebreeds (sheltie, merino,
texel and coronet). As in the previous trial, arlsrfeom the Jezerka breeding station
in Strasin in the Central Bohemian region were uged not the same individuals.
Totally, 28 guinea pig pups (15 males, 13 femdies)h 2-to-15-day-old were recorded.
All animals were healthy. Guinea pig pups were mairked; natural colours of fur
distinguished them (see Fig. 19 above). Stable itiond (see Fig. 20 above), time
of feeding, temperature indoor and relative hungiditas the same as in previous

experiment.

4.2.2 Equipment

Bat detector Pettersson Ultrasound Detector D24@s wsed for recording
vocalization of high frequency. The Pettersson degpy detection capability ranges
from 10 to 120 kHz with sampling frequency 307 kHhe ultrasound emissions were
sampled (1.7s/sample) in the time expansion mod)(1Recordings were saved
to digital recorder Marantz Professional PMD62Qviav format in 16 bits mode and
sample rate of 44.1 kHz. The recorded frequencgeamas 10 - 44 kHz. All guinea

pigs were weighed on weighing-machine with accuraay0.1 g f.0z/0.1 0z/1 ml

4.2.3 Software

Data analysis was performed using bioacousticalvsoé Avisoft-SASLab Pro,
version 5.2.07 (Avisoft Bioacoustics, 2014). Reewordnotes were visualized
in spectrograms of FFT length: 512; frame size:%0®indow: Hann; bandwidth:
129 Hz; frequency resolution: 86 Hz; overlap: 87.5%

4.2.4 Data recording

Data were collected from November 2015 to May 2846 each guinea pig pup
was recorded only once. The recording took plaainduafternoon. Each guinea pig
pup was separated from its mother and it was pladeda plastic box of 40 x 30 x 40
cm without bedding. No food was provided. The testhox was placed in a different,

acoustical isolated room where no possibility afigary or visual contact with the other
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guinea pigs was enabled. The recording session twokminutes and vocalization
of each guinea pig was recorded only once. Thealliggcorder and a bat detector were

were located 40 cm above the centre of the boxandlizations were recorded.

4.2.5 Acoustic analyses

Totally, 20 good quality calls with the highestduency from each recording
section of each individual were marked. Randomly 46unds were chosen
and analysed. Four acoustic parameters were measmiaimum frequency Rmin),

maximum frequencyHnmay), note duration@ur) and the number of visible harmonics.
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4.3 Predator identification
4.3.1 Animals

For these experiments, totally 27 laboratory shaited guinea pigs (14 males,
13 females) were used. All guinea pig pups werdttneadolescents 10-12-week-old.
The guinea pigs came from the breeding stock vidtmumber 2176003 and they were
provided by Luka$ Jebavy, Renata Masopustova ak&d Gobota. The head of this
experiment was lvana Gardianovd, she was alsomsipe for laboratory animals.

All trials were practiced only with healthy animalsil guinea pig individuals
were kept indoors with fixed temperature of 19 € ®Vith relative humidity in the room
about 54% without air draught or other undesirataditions. Guinea pigs were
stabled in a polypropylene cage of 54 x 39 x 20nith wooden sawdust on the floor.
Water was providedd libitum pellets and fresh vegetables were provided ondaya
during morning time. Guinea pigs were divided isi® groups of four individuals
assembled by sex, and three individuals were staddparately. Most of guinea pigs
were not marked; they were individually identifi¢drough natural colours of fur

(Fig. 22). Individuals of white colour were markiegl coloured symbols on their fur.

Fre 22 Three goups of four guinea pi pups (photo: Haimaankova).

4.3.2 Equipment

Vocalizations were recorded using digital recorfarantz Professional PMD
620 (frequency response 20 - 20 000 Hz +1.0 dBh w@mpling rate of 44.1 kHz with
a 16 bits sample size and dynamic range > 87 dBawed in .wav format. Behavioural
reactions of guinea pigs were recorded by digi@mmeras JVC Everio GZ-GX1
and Samsung HMX-F90 in .avi file.
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4.3.3 Software

Sounds were analysed by bioacoustical softwareotviASLab Pro, version
5.2.07 (Avisoft Bioacoustics, 2014). Calls were uwalized in spectrograms
of the following parameters: FFT length: 512; framige: 100%; window: Hann;
bandwidth: 129 Hz; frequency resolution: 86 Hz; e 87.5%. Behaviour of guinea
pig individuals was analysed from the video-recondtng software for behavioural
studies Activities 2.1 (Vrba and Donat, 1993).

4.3.4 Data recording

Data were collected during September and NovemB&B 2n Demonstration
and Experimental Stable (authority number 5817632UFZE-17214) of Czech
University of Life Sciences in Prague (N 50°7', £22"). The recording took place
during morning hours before feeding, when the atimaere active. Moreover,
in natural environment of cavies, the morning tirmecharacterized by high number
of birds of prey, because they overlap the timeadies” activity (Taraborelli, 2006).
Each animal was separated from other members ajrthg and placed into a 40 x 30
x 40 cm open field arena (glass box) without ljitteod or water. The box was placed
in an acoustically insulated room, where no augitorvisual contact with other guinea
pigs was possible. The digital recorder was loc&@dam above the floor; the digital
camera was located 150 cm above the box.

Each experimental session took two minutes anddmavioural reactions were
videotaped and the vocalization was recorded sanatiusly. Each guinea pig was
exposed to two types of predators — terrestrial @@vthl. For each type of activity, its
frequency (number of occurrences of the respedi®eaviour) and duration (length
of behaviour) were analysed. The differences ofiltesvere considered as significant
when p < 0.05.

The terrestrial predator was represented by a datder collie Canis lupus
familiaris) (see Fig. 23) and aerial model of predator wasesented by taxidermy
tawny owl Strix alucq of the order Strigiformes (Fig. 24). In the figsrt of the trial,
the dog was walking around the box with each gupigaat a distance of about 20 - 40
cm from the box. The dog was not on leash; his owves standing in background
around 4 m far and gave the dog verbal commandsddp barked several times.
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Figure 23 The dog which was used in first part of trial.

During the second trial, the guinea pigs were egfde presence of a human.
Guinea pigs were in regular contact with humansteebur experiments; therefore
a person as a control test was used. During tlails & woman unknown to the animals
was slowly walking around the box in the same distaas dog.

In the last part of the experiment, each guinea w&$ exposed to contact
with model of bird of prey. This model was 30 crmdoand 75 cm wide in wing span.
For technical reasons it was not possible to userch of prey active in day hours.
However, since the guinea pigs” eyes were cloggaiond (about 6 cm above it)
and the shadow of the bird had no clear contoufgerefore assumed that the animals
were not able to identify the type of of bird ofepr| was hid behind the desk
and moved the bird model using a 1.5 m long poles Thodel was moved from side
to side at approximately 1.5 m height above the hath the tested guinea pig.

The interval among the trials was one day.

Figure 24: Bird of prey taxidermy used in third part of tfesearch.
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Every guinea pig was used only once for the indigldporedator type exposures
on 3 consecutive days. On day 1, the trial with tmgk place, on day 2 control test
followed and the influence of bird of prey presemaes tested on day 3. Animals were
tested one by one from No. 1 to No. 27. The recoat¢ipredator behaviour included

fleeing, vigilance and freezing.

These behaviours were defined as follows:

Fleeing the individual ran trying to escape from the stins (Rood, 1972; Shahaf
and Eilam, 2003; Taraborelli, 2006).

Vigilance: guinea pig showing alert posture with freezingl a@xtended front legs
and eyes directed toward the stimulus (Rood, 19@aborelli, 2006).

Freezing guinea pig stays immobile in a crouched postlReofl, 1972; Shahaf
and Eilam, 2003).

4.3.5 Statistical analyses
Final data were evaluated by software Statistica (Sfatsoft Inc., 2013)

and the differences in measured values were camsides significant when p < 0.05.
Non-parametric tests Kruskal-Wallis ANOVA and Mawthitney U Test were used
to analyse the reaction of individuals to each typpredator. Kruskal-Wallis compared
equality of medians of all reactions. If | rejectegipothesis of median’s equality
(p < 0.05), we used Mann-Whitney U Test with al&ive hypothesis which showed
if medians are equal.
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4.4  Ethical consideration
All experiments with animals were performed in cdamce with Animal

Protection Law No. 246/1992 and animal welfare. M@ai pigs thermoregulate
autonomously after birth, thus they are able tontaan body temperature when isolated
from the mother (Brick, 1970). Nevertheless, theasstion of guinea pig pups from
the group was limited to as the shortest time assipte. No signs of stress were
noticed. Immediately after two-minute recording ssess, the tested animal was
returned to his group and stopped to vocalize.rAftat, the situation in the group was
monitored to assure that no conflict after retugnthe pup to the group occurred.

During experiments or manipulation no animal wasrad.
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5.1Vocal individuality
5.1.1 Changes in body mass with age

The body mass of guinea pigs increased over the fline mean body mass [g]
+ SEM in both sexes on the day of birth (day 1) @831 + 1.26, on the day 3: 106.81
+ 1.50, on the day 5: 114.81 £+ 1.41, on the day23.56 + 1.16 and on the day
9: 133.06 + 1.26. The mean body mass changes bettlael and 3 was 7.50 £ 0.90,
between day 3 and 5 it was 8.00 £ 0.79, betweenXdayd 7 it was 8.75 £ 0.72
and between day 7 and 9 it was 9.50 £ 0.63. Theldpment of body mass in males
(Tab. 2) and females (Tab. 3) is shown in Appendix.

Significant changes in body mass of guinea pigseweund: GLM (ANOVA
repeated measures)drf. 4, n = 56) = 310.28, p < 0.001. The body maas constantly
growing in time as you can see in Fig. 20 significant differences in body mass
between males and females were observed: GLM (ANOMpeated measures)

F (1, 14) = 0.02, p = 0.897.

GLM: F (4, 56) = 310.28, p < 0.001

140
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130 +

125 +
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Figure 25 Changes in body mass of guinea pigs through testingeriod. The graph
shows how mean values (= SE) of body mass of gpigsaconstantly grows from day
1 to day 9 of their life.
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5.1.2 Vocal ontogeny

Mean values of measured parameters (x SEM) youficahin Tab. 4 - 7
in Appendix. No vocal parameter correlated with yoathss of guinea pigs. Differences

in acoustic parameters in litter size of 1, 2, and 5 pups were not significant.

Time variables

In testing of time parameters, significant diffezenin call duration Qur)
occurred: GLM (ANOVA repeated measures) F (d.in4,576) = 17.94, p < 0.001, see
Fig. 26.Call duration was constantly growing in time.

GLM: F (4, 576)=17.94, p <0.001
0,29

0,28
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D26
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0,21
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0,19 -

018

0.17

Dur 1 Dur 3 Dur 5 Dur 7 Dur 9

Figure 26. Changes in call duration Dur) in guinea pigs over time.This graph
shows development in call duration (mean + SE) diisle sound from the first
to nineth day of guinea pigs’ life.

The increase of duration was detected also in bpé#nts of sound:
Segments | (Dgkg ): GLM (ANOVA repeated measures) F (4, 576) = 235 0.028
and Segment Il (Dweg ): GLM (ANOVA repeated measures) F (4, 576) = 27.07
p < 0.001. No significant differences in call dimatand its segments between males
and females occurredur: GLM (ANOVA repeated measures) F (1, 158) = 0.54,
p = 0.462;Durseg i: GLM (ANOVA repeated measures) F (1, 158) = 082 0.368;
Durseg 1: GLM (ANOVA repeated measures) F (1, 158) = 2(88,0.125.

No significant differences in time of minimal freency [T=min) occurred: GLM
(ANOVA repeated measures) F (4, 576) = 1.67, p15®. Differences between males
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and females were not occurred: GLM (ANOVA repeataghsures) F (1, 158) = 0.11,
p = 0.737. Time of maximal frequenc¥rfay showed significant differences in time:
GLM (ANOVA repeated measures) F (4, 576) = 14.74 £.001. Time of maximal
frequency increased over the time. No differeneds/éen males and females occurred:
GLM (ANOVA repeated measures) F (1, 158) = 0.28,(598.

Frequency parameters

When tested differences in frequency paramatersngluhe testing period,
no significant differences occurred in minimal fuegcy of noteKnmin): GLM (ANOVA
repeated measures) F (d.f. 4, n = 576) = 1.66,(»158, but the minimal frequency
in females was significantly higher than in malééM (ANOVA repeated measures)
F (1, 158) = 4.98, p = 0.027.

Differences in maximal frequency of second harmdRig..) were significant:
GLM (ANOVA repeated measures) F (4, 576) = 17.35 09.001, as you can see
in Fig. 27. No significant changes between maled temales were found: GLM
(ANOVA repeated measures) F (1, 158) = 0.06, p313.

GLM: F (4. 576)=17.33. p<0.001
6600
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Figure 27: Development of maximal frequency Knax) during the testing period.
The graph shows decrease of mean values (x SE) afinml frequency during
the testing period.
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Start frequencyKRsiwry) significantly increased in time: GLM (ANOVA reped
measures) F (4, 576) = 2.43, p = 0.046. Moreoviart $requency in females was
significantly higher than in males: GLM (ANOVA reped measures)
F (1, 158) = 7.17, p = 0.008.

Also differences in end frequencie(g proved significant differences: GLM
(ANOVA repeated measures) F (4, 576) = 3.19, p018®.(see Fig. 28). No differences
between males and females occurred: GLM (ANOVA abpd measures)
F (1, 158) = 2.24, p =0.137.

GLM: F (4.576)=3.19, p=0.013
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Figure 28: Development of end frequencyHeng) in time. This graph demonstrates
changes in end frequency (mean + SE) during nirys-tissting period.

Differences in frequency modulation of the notaVj were found weakly
significant with increasing trend: GLM (ANOVA repted measures) F (4, 576) = 2.48,
p = 0.043. No differences between males and fematesirred: GLM (ANOVA
repeated measures) F (1, 158) = 1.06, p = 0.3050 Atequency modulation
of 2" harmonic EM,) significantly increased in time: GLM (ANOVA reped
measures) F (4, 576) = 15.82, p < 0.001 and nereifices between sex were found:
GLM (ANOVA repeated measures) F (1, 158) = 0.24,(p626.

Differences in frequency modulation ®&gment (FMseq) Were not significant:
GLM (ANOVA repeated measures) F (4, 576) = 0.03; p.998 and no differences
between males and females occurres: GLM (ANOVA aggk measures) F (1, 158)
= 0.57, p = 0.451. Differences in frequency modataibf Segment I(FMseq ) Were
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not significant too: GLM (ANOVA repeated measurésj4, 576) = 2.10, p = 0.080.
| did not find any difference between males anddlest GLM (ANOVA repeated
measures) F (1, 158) = 0.44, p = 0.510.

Intensity variables

No significant differences in intensity modulatiofiM) occurred: GLM
(ANOVA repeated measures) F (d.f. 4, n = 576) =006 = 0.659. No differences
between males and females were found: GLM (ANOVperted measures) F (1, 158)
=0.51, p=0.478.

No significant differences in modulation of intelysof Segment I(IMseq )
occurred: GLM (ANOVA repeated measures) F (4, 578).44, p = 0.220. Moreover,
no differences between males and females were fo@idl (ANOVA repeated
measures) F (1, 158) = 2.67, p = 0.105.

As you can see in Fig. 29, significant changes iodutation of intensity
of Segment IlI(IMsegq ) occurred: GLM (ANOVA repeated measures) F (4,)576
= 12.42, p < 0.001, but no significant differenbesween males and females occurred:
GLM (ANOVA repeated measures) F (1, 158) = 3.52,(p062.

GLM: F (4, 576)=12.42, p <0.001

Intensity [Hz]
[=-1

IM Seg Il 1 IM Seg Il 3 IMSeg ll 5 IMSeg I 7 IM Seg Il 9

Figure 29 Development of intensity modulation in Segment Il. The graph
demonstrates changesSegment I{mean + SE) during nine-day period.
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5.1.3 Determination of vocal individuality

Day 1

The resulting model revealed the classificationceas 79.4% (conventional
DFA) and cross-validated procedure 71.9% succeskssification. The DFA included
five discriminant functions with eigenvalue > 1 deising 95.6% of variation. Three
of them had eigenvalue > 2 (80.7% of variation)e Thist two functions described
69.6% (see Fig. 30). The first discriminant funotianostly correlated with
Fstart (r = 0.91) andFmin (r = 0.40). With the second discriminant functicorrelated
DUr seg i(r = 0.82),FM seq1(r = 0.47) andur (r = 0.39). The more detailed assignment
for each individual from DFA cross-validated moglell can see in Tab. 8.

Function 2

7 3 Group Centroid
0 Woroup

4]

Function 1

Figure 30: Group centroids of ten calls from 16 indsziduals in the space of the first
two discriminant functions. The first discriminant function clearlyseparated
individualsNo. 5, 12 and 8 from all others. Less distinctiemliso visible in individuala
No. 13 and 15. Other individuals form consistentstdr. The most of these individuals
were separated by second discriminant function.
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Table 8 Detailed call classification in % on day 1

1 2 3 4 ] 5 7 a8 | 10 11 12 13 14 15 18 Tatal %
1 500 0 0 0 0 0 0 a 0 0 0 a 0 10,0 0 0 100,0
2 \%W 100 100 0 0 100 R 0 0 0 R 0 0 0 100 100,0
3 1| 10,0 30,0 0 1| 0 0 0 10,0 0 0 0 0 0 0 0 100,0
4 0 0 \‘ 00,0 0 0 0 0 0 0 0 0 0 0 0 0 100,0
5 0 0 0 Nﬁ.‘ 50,0 0 0 0 0 0 0 0 10,0 0 0 0 100,0
& 0 0 0 0 \‘ 70.0 200 0 0 10,0 0 0 0 0 0 0 100,0
7 0 0 0 100 0 \‘ 60,0 a 0 0 100 a 10,0 10,0 0 a 100,0
8 0 0 0 0 10,0 0 \’ 50,0 0 0 0 0 0 0 0 0 100,0
9 0 0 100 0 0 20,0 a \ﬂ\@.ﬂ 0 0 0 0 0 0 100 100,0
10 0 0 200 0 0 0 100 0 g 60,0 0 0 0 10,0 0 0 100,0
11 10,0 0 0 0 0 0 200 0 0 \’ 70,0 0 0 0 0 0 100,0
12 0 0 0 0 300 0 0 0 0 0 \ 70,0 0 0 0 0 100,0
13 0 0 0 0 0 0 0 0 0 10,0 0 \U" 50,0 0 0 0 100,0
14 200 0 0 100 0 0 0 0 0 0 0 0 \ 70.0 0 0 100,0
15 0 0 0 300 0 0 0 0 0 0 0 0 0 m 60,0 0 100,0
16 50,0 0 0 0 0 0 0 0 20,0 0 0 0 0 0 \ﬁ‘ﬁﬂ.ﬂ 100,0

Legend The best classification success was found in ankwal (100%) and the worse in guinea pig No. 1848 For example individual
No. 9 reached 60% of correct classification. It methat 60% of calls were classified correctlypedfic animal. In total, 10% of calls were
classified as animal No. 3, 20% as No. 6, 60% asd®10% as individual No. 16.

61



X

5 8 RESULTS

Day 3

The conventional DFA successfully classified 73.486 cross-validated model
assigned 58.8% of calls to correct individuals (F8J). The first two canonical
functions with eigenvalue > 2 described 65.3% ofarece. Function 1 explained 43.7%
of variance and was most strongly correlated \Bthr (r = 0.78),Dur seq ((r = 0.64),
Temax (r = 0.57),Feng (r = 0.41) and=M;, (r = 0.39). Function 2, which explained 65.3%
of variance was most strongly correlated Wit¥l, (r = 0.68), Temax (r = 0.53) and~M
seg 11 (r = 0.37). Detailed classification of each anim@hde by cross-validated DFA
is represented in Tab. 9.

3 .5
14
|
2
13 5
1 ]
s N
o™ . g
s 12 10
1 1 3
2 o [ ]
=] 15 il
[ ™ | 1
| .Group Centroid
-1
16
u
-2+
2 .F
A B

Function 1

Figure 31: Scatterplots showing separation of fouindividuals. Individuals were
separated by the first two functions. The first ar@nal function separated animals
No. 2 and 7. These two individuals and moreovemais with number 6 and 14 were
separated also by the second canonical function.
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Table 9 Call classification success [%] of each individoa day 3

1 2 ] 4 5 E 7 a 3 10 il 12 13 14 15 16 Total %
1 80,0 0 10,0 0 0 0 0 0 0 0 0 0 0 0 10,0 0 100,0
2 ‘\U‘ 90,0 0 0 0 0 0 10,0 a 0 0 A 0 0 0 0 100,0
3 20,0 \ﬂN 40,0 0 30,0 0 10,0 0 0 0 0 . 0 0 0 0 100,0
4 10,0 a \ﬂ‘ 60,0 0 10,0 0 0 a 0 0 . 0 10,0 0 10,0 100,0
) 0 0 10,0 \ﬂ\ 50,0 0 .0 0 0 0 0 a 0 0 0 0 100,0
g 0 0 10,0 a \U‘ 70,0 0 0 10,0 0 0 R 0 10,0 0 0 100,0
7 100 0 0 0 0 \L" 90,0 0 0 0 i 0 0 0 0 0 100,0
g 100 0 0 0 0 a m‘ 70,0 0 0 0 a0 0 0 10,0 0 100,0
9 0 0 0 10,0 0 10,0 0 X 20,0 0 0 0 0 0 0 0 100,0
10 0 0 0 20,0 0 0 .0 a \\ 10,0 200 500 A 0 0 0 100,0
11 0 0 0 10,0 0 0 0 0 a \105\ 50,0 0 200 0 10,0 0 100,0
12 0 0 0 0 0 0 0 0 10,0 700 \'IUU\ a a 0 10,0 0 100,0
13 10,0 0 0 0 0 0 0 10,0 0 0 0 Xh___i_ﬂﬂ 10,0 0 0 100,0
14 0 0 10,0 0 0 30,0 0 0 0 0 0 0 20,0 40,0 0 0 100,0
15 10,0 10,0 0 0 0 10,0 0 0 10,0 100 0 10,0 a \'I[Jﬁ" 30,0 0 100,0
16 0 0 0 10,0 0 0 0 10,0 0 0 0 0 10,0 0 \*"-‘, 70,0 100,0

Legend The best classified animals were No. 2, 5 anf@0B4). The worse assigned was individual with No(@%). It is interesting that
animal No. 12 was the most classified as No. 10entloan as itself. For instance, individual No.vi&s classified with 10% as No. 1, 10%
as No. 8, 70% as No. 13 and 10% as No. 14 anddlsr pups were assigned the most to themselves tthas other individuals.
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Day 5

On day 5, DFA correctly classified 69.4% of alllsahto the correct individual
animal. The validation procedure yielded an averaggect assignment of 53.1%.
The analysis generated two significant canonicatfions with eigenvalue > 2 which
explained 64.7% of the variations. Centroids ofug® of individual calls related
to individual animals in the space of the first @aical functions are showed in Fig. 32.
The first function was correlated withnax (r = 0.88) and the second function with
Dur (r = 0.60),Dur seq n (r = 0.50) andFsiat (r = 0.36). These parameters seem
to be the most useful for individual distinctionisthday. The individual success

of correct classification you can see in Tab. 10.
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Figure 32: Location of individual calls in the spae of the first of canonical
functions. The squares represent group centroids of call6ahdividual guinea pigs.
This graph distribution of 16 individuals in spdoemed by vocal parameters. You can
see how function 1 clearly separated animal with ®and then 2, 14, 15 and 4 and 16.
Second function dividend the animals to two parts.
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Table 10 Classification of calls in %o each individual on day 5

1 2 3 4 5 5 7 g 9 1 n 12 13 14 15 16 Total %
1 30,0 0 0 i} i 0 0 0 i 0 40,0 10,0 0 0 0 20,0 100,0
2 : 50,0 0 a0 0 a 0 0 0 0 0 10,0 0 0 o0 10,0 100,0
3 0 \‘ To0,0 0 0 a ] 10,0 10,0 0 a 0 10,0 0 0 a 100,0
4 0 0 x.l*--.._m,u 10,0 0 0 0 10,0 0 10,0 10,0 10,0 30,0 0 10,0 100,0
5 0 .0 0 T“U"" 70,0 0 0 200 .0 0 a 0 10,0 0 0 0 100,0
i 0 0 0 a \ﬂ" 40,0 0 0 0 10,0 a 0 a0 a 0 0 100,0
7 0 0 0 0 0 \U‘ 40,0 20,0 10,0 0 10,0 1] 10,0 a 0 10,0 100,0
B8 10,0 0 0 0 30,0 0 \zntr- 30,0 10,0 0 0 0 0 i} 0 0 100,0
9 0 0 oo 0 20,0 0 ] \U* 30,0 0 0 0 10,0 10,0 0 i] 100,0
10 0 0 0 A 0 0 0 0 \U* 1000 0 0 0 a 0 A 100,0
11 0 0 0 0 0 0 0 0 0 \lh 50,0 20,0 20,0 0 0 10,0 100,0
12 0 0 0 200 0 0 0 0 i I -\EUU“ 50,0 10,0 0 0 A 100,0
13 0 10,0 10,0 0 10,0 0 ] 0 10,0 0 10,0 .\ﬂ* 40,0 0 0 10,0 100,0
14 0 20,0 0 10,0 0 0 0 0 0 0 0 0 \U"‘ 60,0 0 10,0 100,0
15 0 .0 0 0 0 0 0 0 .0 0 0 0 0 \100‘ 90,0 0 100,0
16 10,0 0 0 200 0 0 0 0 0 0 10,0 0 0 20,0 \.U*--.._._em.ﬂ 100,0

Legend This table shows that the best classified indigidvas No. 10 (100%) and the worst No. 4. Thisnahiwas assigned as No. 4 only
with 10% and as No. 5, 9, 11, 12, 13 and 16 wislo 410%, but 30% of his calls were assigned as diNmal4.
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Day 7

The DFA successfully classified 70.6% of calls torrect individuals
and the cross-validation procedure assigned 50f6€alls correctly (Fig. 33). The first
three canonical functions with eigenvalue > 1 aedcdbed more than 80% of total
variability. The first two functions had eigenvalee2. Function 1 explained 36.5%
of variance and was the most strongly correlateth warametersigmax (r = 0.77),
Dur seg 1 (r = 0.40),Dur seg i (r = 0.37) andDur (r = 0.36). Function No. 2, which
explained 65.2% of variance was most strongly dated with Dur (r = 0.83)

andDur seq i (r = 0.41). Assignment of calls to correct aninsalisplayed in Tab. 11.
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Figure 33: The canonical analysis plot of calls from 16 indiduals.
Function 1 divided animals No. 5, 7, 8, 16 and dof others. Function 2 separated
guinea pigs with No. 5, 15 and 16 from the cluster.
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Table 11 Resuls in call classification on day 7 from creafidated model DFA in %

i 2 3 4 5 [ 7 2 9 10 11 12 13 14 15 16 Tatal %
1 70,0 0 10,0 i| | a 0 i} 0 0 10,0 10,0 0 3a 0 i} 100,0
2 “l?,ﬂ"‘ 30,0 3 10,0 A 10,0 0 0 0 20,0 10,0 0 10,0 Ril 0 0 100,0
3 10,0 \,U" 30,0 i | a 10,0 i} 10,0 0 10,0 30,0 0 3a 0 i} 100,0
4 o 30,0 \m,l‘--.._su,n 0 10,0 0 0 o 0 A 0 0 Rl 0 0 1000
] o 0 0 Eﬁ‘ﬂ""‘ 70,0 a 0 0 10,0 0 0 i} 0 a 0 i} 100,0
i1 10,0 10,0 10,0 20,0 \ﬂ* 40,0 0 0 o 0 3 0 100 Rl 0 0 100,0
T ] 0 0 0 0 \UN 50,0 20,0 10,0 0 0 i} 100 a 0 10,0 100,0
] 0 0 3 0 0 10,0 \\ 60,0 0 0 3 0 0 R 0 30,0 100,0
9 o 100 a 200 0 10,0 0 \T* 50,0 0 0 i} 0 10,0 0 0 100,0
10 10,0 20,0 3 0 0 20,0 0 0 m 30,0 3 0 100 R 0 0 100,0
11 10,0 100 10,0 i 0 a 0 0 1] \T‘ 50,0 10,0 100 a 0 0 100,0
12 10,0 0 30,0 0 0 0 10,0 0 0 20,0 \3‘ 20,0 100 A 0 0 100,0
13 10,0 0 a i 0 a 10,0 0 o 100 10,0 m‘ 500 a 0 0 100,0
14 0 0 10,0 0 0 a 0 0 20,0 0 a 0 \‘ 60,0 10,0 0 100,0
15 1] 0 0 0 0 10,0 10,0 i} 1] 0 0 i} 0 \* 20,0 i} 100,0
16 0 0 3 0 0 0 10,0 10,0 0 a 0 0 Rl \Mﬁ‘h..._hf_ﬂ,ﬂ 100,0

Legend: The highest classification success had guine&lpidl5 (80%) and the worst animal No. 12 (20%). Titne number 4 shows animal
No. 4 which was classified as itself with 50% asd\®. 2 with 30%, No. 3 with 10% and No. 6 with 10%
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On the last day of my trial, the conventional DFgsigned 75% of total calls

to correct animals and validation yielded an averegrrect assignment with success

of 63.1%. The analysis generated three significanbnical functions with eigenvalue

> 1 explaining 77.5% of the variation. The firstotwunctions describing 64.8%

of the variation were plotted in Fig. 34. The maseful parameters for distinguishing

individuals this day wer®ur (r = 0.52) andur seq ((r = 0.37) which correlated with

the first canonical function arféinax (r = 0.72) which together witBur seq i (r = 0.35)

correlated with the function 2. Tab. 12 shows howss-validated function DFA

assigned all calls to right animals.

Function 2

0,54

1,5+

2.5

354

351

2,54

1,57

0,51

Function 1

.Gl'oup Centroid

Figure 34: Location of animals on the first two caonical functions. Individuals
No. 14, 16, 8 and 15 were separated by functiomdLthe guinea pigs with number
8 and 14 were moreover divided from the clustethiegysecond function.
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Table 12 Detailed assignment of calls in % to each indmaidon the day 9

) 2 3 4 5 B 7 2 9 10 1 12 13 14 15 16 Tatal %
1 40,0 0 0 A 0 10,0 0 0 a 0 ] 3 0 A ] 0 100,0
2 -\TU"HLQU,U 10,0 a 0 0 0 ] a 0 0 3 0 3 0 ] 100,0
o 10,0 1-5?“ 60,0 10,0 0 A 10,0 0 a 0 ] 3 0 A ] 0 100,0
4 Rl 0 m‘ 20,0 n 10,0 0 0 Rl i 0 A n 0 0 0 100,0
L} a 0 0 \ﬂ‘ 40,0 A 0 0 30,0 0 ] 10,0 0 A 20,0 0 100,0
i} Rl i 0 10,0 \ﬂ" 70,0 0 0 Rl i 0 10,0 10,0 0 0 0 100,0
7 a 10,0 20,0 A 0 \‘ G0,0 0 a 0 ] 0 10,0 A ] 0 100,0
8 Rl i 0 0 10,0 3 \ﬂ‘ 0.0 20,0 i 0 0 0 0 0 0 100,0
9 a 0 0 A 10,0 A 10,0 \ 30,0 0 200 20,0 0 A 10,0 0 100,0
10 10,0 i 10,0 0 n 0 a ] \‘ 60,0 0 10,0 10,0 0 0 0 100,0
11 10,0 0 0 A 0 A 0 0 10,0 \ﬂ" 20,0 3 0 A ] 0 100,0
12 Rl i 0 0 10,0 0 0 0 Rl 20,0 m‘ 60,0 n 0 0 0 100,0
13 10,0 10,0 0 A 10,0 10,0 0 0 0 20,0 0 \ﬂ‘ 40,0 A ] 0 100,0
14 Rl i 0 0 n 0 0 0 0 i 0 3 \ﬂ" 80,0 0 20,0 100,0
15 a 0 0 A 0 A 0 0 0 10,0 0 3 0 \ 70,0 200 100,0
16 a 10,0 0 0 0 0 0 10,0 0 0 0 10,0 0 20,0 \Uﬁ‘ﬁ‘h}ﬂ.ﬂ 100,0

Legend The red line shows the percentage of succestas$ification to correct animal. The best clasdifigiinea pigs on this day were
No. 1 and No. 2 (90%) and the worst assigned wairaas with No. 9 and No. 16 (30%).
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Detailed classification

The mean values of success (x SEM) of call clasdifin to right animal are
shown in Tab. 13. The mean success started at#40%66 and extended to 72%
+ 8.20. Differences between males and females ditdoccurred: GLM (ANOVA
repeated measures) F (1, 14) = 0.05, p = 0.82&dles, the mean success was 59%
+ 2.81 and 60% * 3.16 in females. Althought my hssindicate that the differences
between males and females were not significantftdcla Fig. 35 which shows
the development of classification success in mafek females in time because | find

the trends shown interesting.

GLM: F (4, 56) = 1.48, p = 0.222

100

90

==}
=1

70

I/

60

50

Classification success [%]

40

30

== Sex
M

& Sex
=

20

Day 1 Day 3 Day 5 Day 7 Day 9

Figure 35: Mean values (x SE) of call classification succesa testing period

in males and females.lt seems that assignment success in females Igslsl
decreasing trend, but in males, the classificaslaccess constantly decreased from day
1 to day 7 and from day 7 to day 9 it grew rapidly.
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Table 13 Development of call classification [%] in indiwdls during testing period

ID |Sex Lg;[;é Breed | Day 1 Day 3 Day 5 Day 7 Day 9 Meanz* SEM
2 | M 3 texel 60 90 50 30 90 64 £10.43
3| M 3 texel 80 40 70 30 60 56+ 8.29
4 | M 4 | merino, 100 60 10 50 80 60+ 13.56
6 | M 4 | mering, 70 70 90 40 70 68 £7.16
7| M 5 |[coronet 60 90 40 50 60 60 £7.48
8 | M 5 |[coronet 90 70 30 60 70 64 +£8.76
11| M 5 | coronet 70 50 50 50 80 60 +5.66

12| M 2 texel 70 0 50 20 60 40 +11.66
1| F 3 texel 90 80 30 70 90 72 £9.96
5| F 4 | mering 90 90 70 70 40 72 £8.20
9| F 5 | coronet 60 80 30 50 30 50 +£8.49

10| F 5 | corongt 60 10 100 30 60 52 +13.68
13| F 2 texel 90 70 40 50 40 58 +8.67
14| F 1 | mering 70 40 60 60 80 62 £5.93
15| F 2 sheltig 60 30 90 80 70 66 £9.21
16| F 2 sheltig 30 70 40 70 30 48 +8.20

The results in Tab. 13 show that the worse claskifvas calls of individuals
No. 12 and 16. Among the best assigned calls belbnigose from animals No. 1, 5
and 6. The call classification success does naeased in time but it more likely
fluctuates. The increase in classification suctetaeen the first and the last day was
noticed in animal No. 2, 11, 14 and 15. A decredssssignment success was observed
in guinea pig No. 3, 4, 5, 8, 9, 12 and 13. The esahassification success on day 1
and on the day 9 was found in individuals No. 17,6,0 and 16.

Between day 1 and day 3, assignment success @idndis No. 2, 7, 9 and 16
increased and in guinea pigs No. 1, 3, 4, 8, 10,171 13, 14 and 15 decreased.
The success was same on day 1 and on day 3 oathyrirals No. 5 and 6.

Between days 3 and 5 increase of call classifinaticccess was found in guinea
pigs No. 3, 6, 10, 12, 14 and 15 and decreasediriduals No. 1, 2, 4, 5, 7, 8, 9, 13
and 16. The same assignment success was noticedromial No. 11.

When comparing results on days 5 and 7, increastassification success was
showed in animals number 1, 4, 7, 8, 9, 13 andl'h6é.decrease was evident in guinea
pigs No. 2, 3, 6, 10, 12 and 15 and the same valisgaccess was in individual No. 5,
11 and 14.
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The results showed an increase of classificatiamtess between days 7 and 9
in animals No. 1, 2, 3, 4, 6, 7, 8, 11, 10, 12 dad A decrease was noticed
in individuals No. 4, 9, 13, 15 and 16.

No significant changes in litter sizes were fou@@-M (ANOVA repeated
measures) F (4, 11) = 1.57, p = 0.251. Moreoversigaificant differences among
breeds occurred: GLM (ANOVA repeated measures), EZ3= 0.81, p = 0.510.

72



5% RESULTS

5.2 Ultrasonic vocalization

When testing the potencial ultrasonic signals innea pigs, | recorded
vocalization withFn, range of 0.51 - 0.69 KHEm.x 14.25 - 30.03 kHz, note duration
0.18 - 0.42 s and 4 - 11 visible harmonics (mednesof these parameters + SEM can
be seen in Tab.14 in Appendix). The whistle sounidpups started in audible range
and continued to the high frequency range up t&i38, but no sound above 30 kHz
was recorded. The sound with the highest frequea@®3 kHz (see Fig. 36) was
noticed only in one four-day-old male from a litteith three pups (2 males, 1 female).
This was a male of merino breed and its body massi9 g during recording.

iAY

Figure 36: Spectrogram of whistle with the highestrecorded frequency.
The oscilogram on the top shows distribution ofrggein time and the oscilogram
on the left side displays total energy of this sbun
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5.3 Predator identification
5.3.1 Alarm call

During my experiment, only two guinea pigs reaciedexposure to predator
by vocalizing. In the first case, the alarm callrr(d (see Fig. 37A) occurred
as a reaction to the presence of dog. This sounghefto four harmonics and low
intensity and frequency was composed of rapidlyea¢gd units (Arvola, 1974,
Berryman, 1976; Coulon, 1982; Monticelli and Ad26,11). In one case in exposure
to taxidermy of the bird of prey alarm whistle (chp) (see Fig. 37B) was noticed.
Chirrup is characterized by downward frequency falling aseleral harmonics.

The greatest intensity is shown in low frequencgr(Bman, 1976).

= kHz B

20
15

10

02s 02s

Figure 37. Spectrograms of recorded soundsA. Alarm call (drrr);B. Alarm whistle
(chirrup).

5.3.2 Males x females

When testing differences in reactions between sexesation of fleeing
in females £ quraion= 49 s, 40.83%) was higher (Kruskal Wallis Test 0.025, d.f. 1,

N = 27, H = 5.01; Mann-Whitney U Test: p = 0.02552.208) than in males (uration

= 425 s, 35.42%) in presence of bird of prey. Besgy of fleeing was also
significantly higher (Kruskal Wallis Test: p = 0492d.f. 1, N = 27, H = 5.08; Mann-
Whitney U Test: p = 0.029, Z = 2.159) in females=(fh3, X frequency= 5) than in males

(n = 14, X frequency= 4) in presence of bird of prey. No other sigrfit differences

occurred.
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5.3.3 Reactions to each stimulus
Dog

When confronted with dog, guinea pigs reacted fergaificantly shorter time
(Kruskal Wallis Test: p < 0.001, d.f. 2, N = 81 4b0.95) and less frequently (Kruskal
Walllis Test: p < 0.001, d.f. 2, N = 81, H = 49.18) attempt to fly £ quraton= 15 S,

12.50%, X frequenc 2) than vigilance X guraon = 50 S, 41.67%,% frequency = D)
and freezing ¥ quraton = 55 S, 45.83% ¥ frequency= 6). Moreover,x quraion Of Vigilance
was significantly shorter (Mann-Whitney U Test: p0020, Z = 2.327) thaiguration
of freezing andi frequencyOf Vigilance was significantly shorter (Mann-Whijne Test:

Control (human) test

In presence of unknown human, guinea pigs showesni) & guration = 30 S,
25%, X frequency = 3) for a significantly shorter time (Kruskal WsalTest: p < 0.001,

d.f. 2, N =81, H=43.95) and less often (Krusikédllis Test: p < 0.001, d.f. 2, N = 81,
H = 36.99) than vigilance {uration = 49 S, 40.83%,% frequency = 5) and freezing

(X duration = 41 s, 34.17%,X frequency = 4). Moreover, % gyraion Of Vigilance was
significantly higher (Mann-Whitney U Test: p = 0100Z = -3.322) thant guration
of freezing andx frequencyOf Vigilance was higher (Mann-Whitney U Test: p H1D,

Z = -2.560) thart fequencyof freezing.

Bird of prey
In presence of the bird of prey, guinea pigs shoWeeing (¢ quration = 44 S,

36.67%,x trequency= 4) for a longer time (Kruskal Wallis Test: p 001, d.f. 2, N = 81,

H = 15.38) and also more frequently (Kruskal Wallisst: p = 0.001, d.f. 2, N = 81,

vigilance significantly shorter time and less fregtly than freezing X quration = 46 S,
38.33%, X frequency = 5). Significant difference in duration and frequency flgfeing

and freezing did not occur (Mann-Whitney U TesStjujgtion = 0.568, Zguration= 0.571,;
P frequency= 0.478, Zirequency= 0.709 respectively).
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5.3.4 Comparison of reactions to each stimulus
Dog x control (human) test

When | examined reactions of guinea pigs to the dagresults showed shorter
duration (Kruskal Wallis Test: p < 0.001, d.f. 1,=N54, H = 18.03 guration = 15 S,
12.5%; Mann-Whitney U Test: p < 0.001, Z = -4.230d lower frequency (Kruskal
Wallis Test: p < 0.001, d.f. 1, N = 54, H = 15.%8;cquency= 2; Mann-Whitney U Test:
p = 0.000, Z = -3.754) of fleeing. When testing ation (Mann-Whitney U Test:
p = 0.762, Z = -0.303) and frequency (Mann-Whitiieyest: p = 0.959, Z = 0.052)
of vigilance, no statistical differences occurradréaction to either stimulus. Duration
(Kruskal Wallis Test: p < 0.001, d.f. 1, N = 54,=H15.58;x guration = 55 S, 45.83%;
Mann-Whitney U Test: p < 0.001, Z = 3.927, see B8§) and frequency (Kruskal
Wallis Test: p < 0.001, d.f. 1, N = 54, H = 18.22iquency= 6; Mann-Whitney U Test:
p < 0.001, Z = 4.074) of freezing was higher thaodntrol test (fleeing quration= 30 S,

25%, X frequency= 3; freezing:x quraion= 41 S, 34%X frequency= 4)-

Boxplot of freezing

1o p<0.001
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Figure 38 Relationship between differences in duration of frezing to each type
of predator. Statistically significant difference was found rfeactions to the dog
comparing to control test (Mann-Whitney U Test: ©.€01, Z = 3.927) and between
responses to the dog and bird of prey (Mann-Whitdéest: p = 0.017, Z = 2.379).
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Bird of prey x control (human) test
When exposure to bird of prey, guinea pigs shoveedyér duration (Kruskal
Wallis Test: p = 0.001, d.f. 1, N = 54, H = 15.&%ration = 44 S, 36.67%; Mann-

Whitney U Test: p < 0.001, Z = 3.970, see Fig. 88) higher frequency (Kruskal
Wallis Test: p = 0.009, d.f. 1, N = 54, H = 11.@kequency= 4; Mann-Whitney U Test:
p <0.001, Z = 3.183) of attempt to fly in comparigo the control tes&(jyration= 30 S,
25%, X frequency = 3). | detected significantly shorter time (KrakkWallis Test:
p < 0.001, d.f. 1, N = 54, H = 23.60, 25%ration = 30s; Mann-Whitney U Test:
p < 0.001, Z = -4.844) and lower frequency (KrusWéllis Test: p = 0.000, d.f. 1,
N = 54, H = 21.16X frequency = 3; Mann-Whitney U Test: p < 0.001, Z = -4.463)
of vigilance to bird if prey than to control tesf {yration = 49s, 40.83%% frequency= 5)-

When | observed the freezing to both stimuli, ngns8icant differences occurred
in either duration (Mann-Whitney U Test: p = 0.093; 1.678) or in frequency (Mann-
Whitney U Test: p =0.183, Z = 1.332).

Boxplot of fleeing
p < 0,001
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Figure 39 Differences in duration of fleeing to each type opredator. Statistically
significant differences were found in each pairog @nd bird of prey (Mann-Whitney
U Test: p < 0.001, Z =-5.519), in bird of prey arahtrol test (Mann-Whitney U Test:
p < 0.001, Z = 3.970) and in dog and control té&ar(n-Whitney U Test: p < 0.001,
Z =-4.230).
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Dog x bird of prey
In presence of dogt(quraion = 15 S, 12.5%% frequency= 2), guinea pigs showed

fleeing for a shorter time (Kruskal Wallis Test: ¢ 0.001, d.f. 1, N = 54,
H = 30.72;% quration = 44 S, 36.67%; Mann-Whitney U Test: p < 0.0015z £5.519)

and less often (Kruskal Wallis Test: p < 0.001, #,fN = 54, H = 25.815 frequency= 4;
Mann-Whitney U Test: p < 0.001, Z = -4.982) thanthe case of presence of bird of

prey. Time of vigilance was longer when exposuredty (Kruskal Wallis Test:
p <0.001, df. 1, N =54, H = 17.36 3yration = 50 s, 41.67%; Mann-Whitney U Test:

p < 0.001, Z = 4.126, see Fig. 40) than to bir¢gpdy. Vigilance to dog was noticed
more often (Kruskal Wallis Test: p < 0.001, d.f.N.,= 54, H = 17.33% frequency= 5;

Mann-Whitney U Test: p < 0.001, Z = 4.014) thami@ of prey & guraion= 30 S, 25%,
X frequency= 3)- IN the presence of dog, tested animals rddayefreezing significantly
longer (Kruskal Wallis Test: p = 0.017, d.f. 1, N54, H = 5.74% gyration = 55 S,

45.83%; Mann-Whitney U Test: p = 0.017, Z = 2.3@8y often (Kruskal Wallis Test:
p = 0.010, d.f. 1, N = 54, H = 6.8&}requency= 6; Mann-Whitney U Test: p = 0.011,

Z = 2.552) than tO blrd Of preytm((uraﬂonz 46 S, 38.33(yﬁglfrequency: 5).
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Figure 40 Variations in duration of vigilance to each type ofpredator. Statistically

significant difference occurred in bird of prey mromparison with control test
(Mann-Whitney U Test: p < 0.001, Z = -4.844) and dog and bird of prey
(Mann-Whitney U Test: p < 0.001, Z = 4.126).

78



6% DISCUSSION

KT
6 1 DISCUSSION
6.1 Vocal individuality

The results of vocal ontogeny showed developmersewéral vocal parameters
in whistle sound of guinea pig pups. During thdibgsperiod, a significant increase
of call duration was demonstrated. This change bsaglue to growing of pup which is
related to increase of lung size and its capaeity. (Corat et al., 2012). Also frequency
variables such as start frequency, end frequenagximal frequency of second
harmonics and frequency modulations increased guhie testing period. A significant
increase in modulation of intensity showed thatnhgai pigs gave the most of energy
to second segment of call which may have influeneésb the higher maximal
frequency. Increase of maximal frequency was detnatesl in guinea pigs from one
to two-week-old (Coral et al., 2012) and in degus1f one to three-week-old by Long
(2009). It suggests that newborn pups have noy fddveloped vocal tract which
probably starts to intensively grow during next ieand frequency parameters change
the trend as the results of Corat et al. (2012)catd. The rise of low and high
frequency parameters in early development of gujpiga may help them to survive
periods when pups are not fully independent ofrtid@m. High frequency features
actually show receivers that the caller is friendiyfearfull and no danger threats from
his approaching (Morton, 1977) and this may rdmedhance for its survival or it may
cause that other female adopt the lost pup. Myltseaiso showed that some parameters
on fundamental frequency such as minimal frequeany start frequency differ
between sexes, and males produce lower fundanfeedalencies than females. Similar
results were found in great gerbRhombomys opinugRandall et al., 2005).
For example in deer, low frequencies are consida®dndicators of male quality
and may influence the female choice (Vannoni andhgott, 2008). However these
changes dominate in maturity, thus | suggest tiftdrdnces in sex in my results may
be a coincidence, because no significant differevamurred in body mass of males
and females and | suppose that the growth of gaith as vocal tract and vocal cords
show similar development during nine days postpartu

Despite the fact that the body mass and some \max@meters significantly
changed during the testing period, no correlatimorg these variables occurred. It may

indicate that growth of the vocal tract is moreehkrelated to growth of some parts
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of the body (skull or neck), than to body massfurther research, it would be worth
measuring for example the proportions of skull oinga pigs and compare them
with vocal paremeters to test correlations with nges is some vocal variables.
Anyway, in observation in rhesus macaqguacaca mulatta(Fitch, 1997) or dogs
Canis familiaris (Riede and Fitch, 1999) strong correlation betwdsmaly mass
and skull length was found. And the correlationwsstn body mass and neck
circumferences was ascertained in goitered gaz@kezella subgutturosglLapshina
et al., 2012). How does it develop in guinea pwsuyld require a more detailed study.
For future studies, | suggest to record vocalizatith wide range, | mean to record
newborn pups one to seven days postpartum, themegupigs several week-old
and compare the results in analyses with sounduwfeg pigs several month-old up
to the end of their growth at about 15 months. Sesults would provide a complex
information about the vocal ontogeny of guinea pigs

In determination of vocal individuality it is diffult to decide which variations
to measure in order to obtain complex informatibow identity of the caller (Schrader
and Hammerschmidt, 1997). For this reason, the ipaudmetric analysis is used.
In this thesis, the results of the discriminantciion analysis showed that the call
classification to correct guinea pig was the highms day 1 with success 71.9%,
following days the classification success decredaseéi.6% and then increased on day
9 to 63.1%. Not only is guinea pigs” vocal indivadity perceptible already on the day
of birth but moreover, the number of assignmentsss on that day was the highest
during the whole nine-days testing period. In congoa with the results on six eight-
or-ten-day-old guinea pigs tested by Tokumaru et (2D04), my results tend
to be weaker. Tokumaru et al. (2004) indicated sifisition success to be 70.2%.
The differences in the results may be influencesdyple size. According to Budka
et al. (2015) as sample size increases, the dtzg&h rate decreases. Anyway my
results showed significant individual discriminatibecause the percentage of correct
classification by chance was only 6%. It seems dadit classification success is not
influenced either by sex, or body mass; it may Iiiectked by individual vocal
characteristics.

Two discriminant roots determined the most impdrfmrameters for individual
distinction and the most relevant variables forataadividuality of guinea pigs are

mainly defined by temporal paramaters such as dathtion, duration if both its
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segments and time of the maximal frequency. Mdb#yindividual distinction is based
on spectral and temporal elements with estimatiaat spectral variables are more
important for determination of caller identity. Aiugh some studies indicate temporal
variables as defining the coding of identity, fostance study on capybara (Lacerda
et al.,, 2013) or some avian species such as Grgtatr®® Botaurus stellaris(Puglisi

et al., 2001; Puglisi and Adamo, 2004) or Helmetednbill Rhinoplax vigil(Haimoff,
1987). Interestingly, in case when temporal paramedre dominant, animals cannot be
re-identified over time as the calls are not staffRuglisi and Adamo, 2004).
The question is whether the determination of vandilviduality of juvenile animals has
relevance when it is known that the vocal paramsetbange with age. The development
of vocal variations may also affect the fluctuatimgmber of call classification success
during the testing period in my study. Owing tostféct | suppose that testing vocal
individuality in adult individuals in which the vatparameters are just stable may be
more reliable. In the great gerbils, for examphe, ¢all classification of pups had lower
success than those of adults (Randall et al., 200% possible to test whistle also
in adult individuals though in a diffeerent contelsécause in adults this sound serves
as food anticipation call. According to Corat et(2012) different context did not affect
the structure of vocal parameters and these aalsexy similar.

Nevertheless, my results demonstrated that whistend in guinea pigs
is individually characteristic and thus particularcal parameters include information
about the caller identity. It can be suggested that most relevant use of vocal
individuality in whistle sound may be found in metlpup communication in guinea
pigs at distances when olfactory or visual cuesnatepossible. Mother with her pups
commonly move in dense vegetation where the libelthof losing contact and mixing
of offspring of other mothers is relatively highdlfhes, 1990). In general, for animals
which live in groups is individual recognition essial for both parents and offspring
(e.g. Ydenberg et al., 1988). This abbility is fregtly used in species such
as for instance penguimsptenodytes patagonicys.g. Jouventin et al., 1999), seals
Mirounga angustirostris(e.g. Petrinovich, 1974), gull€hroicocephalus ridibundus
(Charrier et al., 2001)ats Tadarida brasiliensis mexican@alcombe, 1990) or pigs
Sus scrofa domesticdlmann et al., 2002). Vocal identification prevemisdirected
parental care, restricts expenditure of energy asdures reproductive success

of parents. For pups, parent identification is @ufor their survival (Halliday, 1983).
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Alhough parental care given to guinea pigs is kai{e.g. Sachser, 1998; Monticelli
and Ades, 2003) and allosuckling behaviour occwnticelli and Ades, 2003;
Takamatsu et al., 2003), according to my resuidividual recognition does play a role
in mother-pup communication.

Guinea pig pups emit whistle when isolated from rin@her (Berryman, 1976;
Monticelli et al., 2004) or other members of theup (Coulon, 1982). It serves
as a proximity-regaining call (Berryman, 1976) andy elicit reactions in the mother,
who may try to find the lost pup or start to vozalito facilitate the pup to find her.
Producing of separation whistle is associated lenkel of cortisol (e.g. Hennessy et al.,
1991). Immediately after isolation, mother is ngpgosed to be far from pup and it may
be advantageous for it to move and make whistleattbact her. Furthermore,
the structure of whistle notes as repeated higthed pulses forming sentences serve
for accurate locating of the signal sender (Smi®77; Bradbury and Vehrencamp,
1998). As separation continues, likelihood of retioig of mother decreases and lost pup
becomes to more conspicuous to predators. After i3dutes of isolation,
the concentration of cortisol increases, the pugolm®s immobile and emits
vocalization at a slower rate of (e.g. Hennessy Ritdhey, 1987). Because of this
and the fact that separation induces stress tateblpup, the recording sessions were
set to only two-minutes-long period.

It is well known that the physical and physiologdistate of animals is reflected
also in their vocalization (Taylor and Reby, 201Byr this reason, vocalization may
serve as a reliable tool of animal welfare, butoatdsence of vocalization may
be of importance. Not every psychical or physidates needs to be communicated,
for example chronic pain or stress often does noke vocal sounds. Thus vocalization
should not be the only one indicator which wouldalssessed in animal welfare but its
deviations from normal vocalization should provideformation about animal
well-being (Tokuda et al., 2002).
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6.2 Ultrasonic vocalization

Ultrasound is a vocal signal of frequencies higttean 20 kHz (Anderson,
1954). My results showed that guinea pig pups cait whistle sound with frequency
exceeding 22 kHz. Exceptionally the maximal freqencan reach 30 kHz
as in my experiment. Although it is generally knowrat guinea pigs do not emit
ultrasound (Sewell, 1969Gregory, 2004), it is evident from my spectrogramatt
the signal of the highest harmonics can reachadti@ range. But unlike ultrasound
of for example altricial pups which extends onlyretudible frequencies from 30 to 90
kHz (Branchi et al., 2001), the vocal signals ofnga pigs begin at low frequencies
of 0.5 kHz (Berryman, 1976) and have a differemuctire. The same structure
of signal could be seen in vocalization of degukjctv also belong to caviomorph
rodents. The isolation sound loud whistle of degpspstarts at frequency of 2.8 kHz,
and its highest harmonics reaches up to 61.6 kidndl.2009). Both these species live
in South America, form polygynous groups and havecqcial offspring which
by producing the isolation calls serve to elicacgons in their mother, who should try
to find the lost pup or start to vocalize to fdaile the pup to find her. In comparison
to cavies, degus belong to semifossorial rodeneliEperger and Bozinovic, 2000);
i.e. that they spend some time also under the gkoQavies do not make burrows
(Ebensperger and Blumstein, 2006) and use sheléelenby other species or dense
vegetation and other natural hiding places whiabvige them refuge (Lima and Dill,
1990). Moreover, cavies do not make nest for thpips (Rood, 1972; Cassini
and Galante, 1992). From the first day of life, pdpllow their mother while foraging
(King, 1956; Rood, 1972) and vocalize when shed¢gding. Degus dig holes and make
communal nest for their pups (Fulk, 1976). Althotlgéir pups are well developed after
birth, too (Reynolds and Wright, 1979), they arenbecared for inside of burrows
(Fulk, 1976) up to their third week when they startexplore out of the nest (Long,
2009). Because ultrasonic signals are readily a#tierd in the air and even more
so in solid material such as earth | suppose tlauttrasonic communication of degu
pups may serve only for short-range communicatioraiburrow system (Fletcher,
1992). This communication at high frequencies mayehimportance only during
the early development of degu pups because no sexoekding the frequency 22 - 24
kHz was found in adult degus (Eisenberg, 1974; |.&@@97). Moreover, the hearing
ability of adult degus ranges from 0.1 to 30 kHhd@mas and Tillein, 1997). These
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numbers signify that the ultrasonic vocalizationtbéir pups may have sense only
in pup-pup communication, for example in the cadsmaving away from the nest.

Also altricial pups of rat and mice spend the firseks of their lives in nests.
Unlike precocial pups, they are totally dependedrutheir mothers and her protection.
Pups emit ultrasonic vocalization when they ardated from mother or the nest
to signalize their discomforBecause of their thermoregulation system, is seany
for them to remain close to the nest to maintaimperature (e.g. Blumberg
and Sokoloff, 1998). Ultrasound serves as a weltdbdn signalling system between
pups and their mother because due to poor locdiizabf these high-frequencies
sounds and lower hearing range of some predataniespepups emitting ultrasound
cannot be detected by them (e.g. Sales and Py4).197

Guinea pigs endowed with well developed senses éedore birth are able
to protect themselves by timely detection of dareyedt ability to escape; they do not
require the above-mentioned type of protectionesystThe question remains whether
the vocalization in ultrasonic range is importaat uinea pigs. It seems it is not.
Despite the fact that their middle ear which ispmessible for hearing sounds of high
frequencies (Fitch, 2006) is similar to those ihestcaviomorph rodents, the structure
of their middle ear has some anatomic specificssa2013). He described that “these
characteristics include a distinctive malleus motpgy, fusion of the malleus
and incus, reduction or loss of the stapedius reuaot a synovial stapedio-vestibular
articulation.” These morphological characterises associated with the low-frequency
hearing (Mason, 2013) around 8 kHz (Heffner et 4970) and suggests that low
frequencies are more important for communicationgoinea pigs. The distribution
of energy can be seen also in the spectrogram irrasylts, showing that the most
energy is concentrated in frequencies under 10 KHus fact is supported also
by Eisenberg (1974). Moreover, also the vocal dggahdegus contain the most energy
within the 10 kHz (Long, 2009). It is obvious thahigh frequency vocalization may
have some essential function in guinea pig’s conication, it would be proved more
often than my results have shown. Blumberg et2000Q) contributed to explanation
of ultrasonic vocalization by the theory that uwand may be a by-product
of abdominal compression reaction (ACR) process. AGR, during expiration
the compression of abdominal muscles happens fogrepel blood to the heart. ACR

may help maintain cardiac output in stress (Youmahsal., 1974). During this
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physiological process in pups, “the larynx is usesl a brake during expiration
contributing to increased intraabdominal pressurat tresults in the inadvertent
production of ultrasound” (Blumberg et al., 2000).

It remains unanswered why the hearing range of eguipigs is so wide.
In guinea pigs, the hearing range was shown tchréam 0.086 to 46.5 kHz (Heffner
et al,, 1970) and it is quite extensive in compmarisvith other relative species
for instance chinchillas which have a hearing rafigen 0.05 to 33 kHz (Heffner
and Heffner, 1991) or degus 0.1 to 30 kHz (Thonrak Ellein, 1997). These numbers
signify that also for these rodents lower frequesa@re more important than the higher
ones. In any case, the utilization of ultrasonignals and the wide hearing range

of guinea pigs deserves further investigation.
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6.3 Predator identification

The ability of prey to identify predators is neaysto decrease the predation
risk (Lima and Dill, 1990). Innate and learned rmatbms ensure this discrimination
(Hollén and Radford, 2009; Brown et al., 2013).dat@®n risk increases in open areas
(Lima, 1987). Typical antipredator behaviour in@sdfleeing, vigilance and freezing
and avoidance of the predator and hiding from dafgg. Shahaf and Eilam, 2003).
Open field does not provide any hiding place; incgen space freezing is a form
of hiding (Csanyi et al., 1985). Freezing helpsypi@ decrease the probability to be
noticed by predator (Curio, 1976), and this mecsranoccurs when a relatively distant
threat by a predator is perceived (Blanchard et H)90). The freezing animal
is completely immobile, its heart rate decreamed it shows vigilance to the predator.
Also a recent human study suggests that freezirsginigrisingly an active preparation
to respond to a threat (Gladwin et al., 2016). ®a other hand, tonic immobility
(playing dead) is an innate physical inactivityg(eKlemm, 2001) shown in case
of extreme threat, for example in direct tactilegator confrontation (e.g. Gallup et al.,
1977; Blanchard et al., 1986). The behaviour in tnls was evaluated as freezing,
because the tested animal was frozen only duriegtéisting period and no direct
confrontation between guinea pig and predator @tuHowever the possible
influence of stress caused by separation of thearfrom its group (though it was only
of a short duration), coldness of glass surfadh@rfact that the experiments took place
in sequence during three subsequimys cannot be excluded. Although after the first
experience in the open field arena, the individuaksy have habituated somewhat
to the procedure, they still have shown freezingfye.

When confronted with the dog, duration and the nemmbf occurrences
of freezing were high. It seems that guinea pigssittered the dog as a threat and they
took a strategy of freezing not to be seen or hbgridim in open area. Guinea pigs are
able to recognize the terrestrial predator by Visarad olfactory cues. The sources
of odour are for instance fur, skin and secretiohsnal glands. Many mammalian
species are able to identify odours of predatorgféach et al., 2005). Pongracz
and Altbacker (2000) described reactions to predatgoung (from five to eight-week-
old) and adult (form six to nine-month-old) rabltibspresence of fox under laboratory
conditions. Adult rabbits flew ahead of the predatontrary to young rabbits which

mainly froze (Pongracz and Altbacker, 2000). Ageupposed to be the crucial element
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in avoidance reaction of prey and | can expect frzadions in antipredator response
even in guinea pigs due to time and experiencendumtogeny.

When exposed to the human, the tested animals shaoggance for the longest
time. Vigilance is generally characterised by stggosture with extended front legs
and head up which allows visual scanning of envirent to notice potential threat
(Cassini, 1989). An experiment with rabbits handigch human showed that the rabbits
avoid human less than non-handled individuals (RPamor and Altbacker, 1999).
However, vigilance may also be also a sign of famud contact anticipation
with a human. In my study, this response may hagenbintensified by absence
of feeding in the morning on the testing day.

| am in daily contact with guinea pigs and | havéedent experience with their
reaction in their known surroundings. Each guinigeh@as its own cage with little house
as a shelter. Every day, when | come to their gusudnd open the door, guinea pigs are
usually feeding in their cages, out of the hidingcp and the moment when they see
me, they emit alarm call chirrup and fly to shelt&his behaviour in one animal
provokes the same behaviour in other individualsclvhmay have not noticed me.
In the testing conditions of my trials, the newkomown environment without shelter
presumably influenced the antipredator behaviourgwhea pigs. This observation
should be taken in consideration in future studies.

In the presence of the model of bird of prey, gainegs exhibited fleeing
and freezing most of the time. Avian attacks off@mvoke running to shelter
in Belding's ground squirre(Spermophilus beldinyi(Turner, 1973) or in rabbit
(Oryctolagus cuniculys(Vitale, 1989). A similar finding was describey baraborelli
et al. (2007) who tested the antipredator respookesld cavies Microcavia australi¥
in natural environment in Argentina. When exposedat fake raptor, wild cavies
showed high frequencies of fleeing and vigilanckisTobservation took place in one
wide area with short herbaceous cover. In natulditions, the antipredation
behaviour depends on the structure of vegetatian Ebensperger and Hurtado, 2005;
Taraborelli et al.,, 2007). Foraging in short veteta can increase the likelihood
of predator detection (Cassini and Galante, 1992)nature, flying predators are
detected as the shadows on the ground (Taraba28lli6). During my experiments,
artificial lights in the room were used; they alldv the guinea pigs to notice

the shadow made by the fake raptor as well. Gupiga reacted by trying to flee
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to a shelter, even if it was not provided, and tlfr@ze. In my experiments, | used
taxidermy of a nocturnal bird of prey although granpigs are daily animals. It can
be assumed that the tested guinea pigs were nettakihdentify the type of raptor
because its shadow on the ground had no clear went&Guinea pigs have eyes
on the sides of the head, which ensures them ttasgefield of vision. The monocular
vision of the guinea pigs extends from 103 to 1408 their binocular optical angle
ranges from 20 to 63° (Prince, 1956; Duke-Elder76)9 They can incline the head
to see upwards but they are not capable to seeedhemnselves where the raptor was.

Furthermore, | detected differences in reactionprisence of the fake raptor
in males and females. Duration and frequency dirilg in females was higher than
in males. This was described by Stankowich (2008p wbserved sex differences
in reactions of ungulates and came to conclusiahfdmales beware of predators more
than males. He suggested that the benefit of ffe@nmore important for females
because of their reproductive potential and praiacof offspring. A higher number
of females in group involves a greater risk of ggimedated for them; thus the females
may be under greater pressure to shelter and prttea reproduction potential
(Stankowich, 2008).

Although Cavia sp. (Caviidae) often display alert calls (Cassihf89),
the occurrence of alarm calls in my trials was @uaitcidental. According to Berryman
(1976) this result is not surprising; domestic g@ainpigs emit warning calls rarely.
Moreover, during observations of wild cavies inumat environment Qavia apereg
Trillmich et al. (2003) did not notice emitting @&flarm calls when encountering
a predator. NeitherMicrocavia australis did emit alarm calls when exposing
to a predator (Taraborelli et al., 2007; Tarabgre#008) in nature. Almost
no occurrence of alarm calls in my experiment mayehbeen caused by absence
of other individuals. Testing for warning calls dbmestic guinea pigs in a group
and comparing them with outcomes of this study wdnd of interest.
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Growth of guinea pigs involves also changes inrthecal parameters.
The vocal individuality of guinea pigs can be destoated immediately after birth
and with advancing age it can be slightly modifi@the most important parameters
for vocal individuality are temporal parameters.

Despite the fact that guinea pigs have a wide hgarange and middle ear
structure similar to other caviomorph rodents usitigasonic signals, and being also
able to emit calls above 22 kHz, lower frequensiesm to play a more important role
in their communication also under the environmeaotaiditions of their natural habitat.

Although domestic guinea pigs do almost not ematral calls, the experiment
of antipredator behaviour provides evidence thalytban discriminate aerial types
of predators from the terrestrial ones even undkeoratory conditions when exposed
to them individually. The anti-predator behavioofsyuinea pigs remained functional,
although their vocalizations may have been affebiedbsence of signal receivers.

The presented results provide further insight ithe behavioural reactions
and vocalizations of guinea pigs. They may wellveem evaluation of physical

and physiological state of guinea pigs in breedioigditions.
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APPENDIX

Table 2 Changes in body mass [g] during first 9 days alen

D | Litter size Breed Body mass | Body mass | Body mass| Body mass | Body mass| Difference | Difference Difference Difference
day 1 day 3 day 5 day 7 day 9 day 1-3 day3-5 day5-7 day7-9
2 3 texel 97 110 115 122 130 13 5 7
3 3 texel 92 100 109 120 129 9 11
4 4 merino 98 104 111 120 131 7 9 11
6 4 merino 98 102 110 123 132 8 13 9
7 5 coronet 106 117 121 124 137 11 4 3 13
8 5 coronet 100 103 106 119 125 3 3 13
11 5 coronet 99 112 123 132 139 13 11 9
12 2 texel 103 109 120 126 140 6 11 6 14
Mean values: SEM 150 | 1022 | o4l | sibz | 200 | 180 | sii7 | 133 108




Table 3 Changes in body mass [g] during first 9 daysmdles

D Lit_ter Breed Body mass | Body mass| Body mass| Body mass | Body mass | Difference Difference Difference Difference
size day 1 day 3 day 5 day 7 day 9 day 1- 3 day3-5 day5-7 day 7 -9
3 texel 110 119 124 131 140 9 5 7 9
4 merino 92 101 109 116 127 9 8 7 11
5 coronet 107 109 112 124 133 2 3 12 9
10 5 coronet 97 100 109 116 124 3 9 7 8
13 2 texel 100 105 115 124 132 5 10 9 8
14 1 merino 93 102 115 123 138 9 13 8 15
15 2 sheltie 96 102 115 128 136 6 13 13 8
16 2 sheltie 101 114 123 129 136 13 9 6 7
weenvanesssen | 550 | Wes0 | s | | ama | omo | sEo | Em o




Table 4 Mean values OFsiart, Feng Dur andFM + SEM

Fgart [HZ] + SEM Fena [HZ] + SEM Dur [s] + SEM FM [HZz] + SEM

Males 598.50 10.06| Males [3144.63( 136.57 Males 0.20( 0.01 Males |2546.13] 138.09

Day 1 Females 642.38 | 14.08| Females | 3237.50| 120.3¢ Females |0.19( 0.01 Females | 2695.13] 123.29
Both sexes | 620.44 8.82 | Both sexeg 3191.10( 91.10[ Both sexes | 0.20( 0.01 [ Both sexeq 2570.63] 92.58

Males 616.63 | 13.94| Males | 3082.63| 134.36 Males 0.21] 0.02 Males |2466.00] 133.90

Day 3 Females 652.63 | 14.39| Females | 3441.25( 91.40, Females | 0.20] 0.01 Females | 2788.63] 88.93
Both sexes | 634.63 | 10.11|Both sexeg 3261.94| 82.48] Bothsexes | 0.21| 0.01 | Both sexeq 2627.31] 81.38

Males 658.38 | 16.58| Males | 3382.63| 90.19 Males 0.22] 0.02 Males |2724.25 88.64

Day 5 Females 625.13 | 14.48| Females | 3186.00| 89.46( Females | 0.22( 0.02 Females | 2560.88 88.22
Both sexes | 641.75 | 11.09|Both sexeg 3284.31| 63.99] Both sexes | 0.22| 0.01 | Both sexeq 2642.56] 62.86

Males 592.50 10.99| Males 3111.25( 108.38 Males 0.25( 0.01 Males |2518.75 109.93

Day 7 Females 696.75 | 13.67| Females | 3674.01| 173.70 Females |0.24( 0.01 Females | 2977.26] 174.92
Both sexes | 644.63 9.69 [Both sexeg 3392.63| 104.7¢ Both sexes | 0.24]| 0.01 | Both sexeq 2748.01] 104.88

Males 655.63 14.77| Males 3633.50( 68.64 Males 0.26( 0.02 Males |2977.88 69.34

Day 9 Females 657.25 | 20.78| Females | 3323.63( 55.96] Females | 0.26] 0.02 Females | 2666.38] 62.66
Both sexes | 656.44 | 12.74|Both sexeg 3478.56| 45.94] Both sexes | 0.26| 0.01 | Both sexeq 2822.13 48.33




Table 5 Mean values ofFmin, F2 max Temin @aNdTemax: SEM

Fmin[HZ] + SEM F2max [HZ] + SEM Temin[S] + SEM Temax [S] + SEM

Males 589.38 | 11.69| Males |5820.25 211.74 Males 0.07( 0.01 Males 0.19( 0.01

Day 1 Females 573.38 | 12.69| Females (5708.39 171.08( Females | 0.08( 0.01 Females | 0.18| 0.01
Both sexes | 581.38 8.65 | Both sexeg5764.31 136.18| Both sexes | 0.07| 0.00 Both sexes | 0.18| 0.01

Males 569.13 | 12.35| Males |5834.00 114.81 Males 0.08( 0.00 Males 0.19( 0.02

Day 3 Females 602.25 | 13.84| Females (5957.13 225.64 Females | 0.07( 0.00 Females | 0.18| 0.01
Both sexes | 585.69 9.37 | Both sexeg5895.54 126.68| Both sexes | 0.07| 0.00 Both sexes | 0.18| 0.01

Males 555.25 | 12.19| Males |5824.00 114.81 Males 0.07( 0.00 Males 0.21| 0.02

Day 5 Females 625.25 | 14.93| Females [6255.79 187.60( Females | 0.07( 0.00 Females | 0.21]| 0.02
Both sexes | 590.25 | 10.03|Both sexeg6039.89 111.29( Both sexes | 0.07 0.00 Both sexes [ 0.21| 0.01

Males 570.50 | 11.56| Males |6134.13 112.82 Males 0.08( 0.00 Males 0.23( 0.01

Day 7 Females 627.00 | 14.63| Females (6344.39 170.63 Females | 0.07( 0.00 Females | 0.21| 0.01
Both sexes | 598.75 9.59 | Both sexeg6239.25 102.62| Both sexes | 0.08| 0.00 Both sexes | 0.22| 0.01

Males 607.25  12.63| Males |6943.3§ 134.98 Males 0.07( 0.00 Males 0.24( 0.02

Day 9 Females 602.38 | 15.84| Females (6140.89 107.40( Females | 0.07( 0.00 Females | 0.24] 0.02
Both sexes | 604.81 | 10.13|Both sexe§6542.13 91.90( Both sexes | 0.07 0.00 Both sexes | 0.24| 0.01




Table 6: Mean values oF My, IM, Dur sgq jandDug seg 1= SEM

FM,[HZ] + SEM IM [dB] + SEM Dur sy [S] + SEM Dur s [S] + SEM

Males 5221.75( 211.94 Males -0.39| 1.01 Males 0.07( 0.00 Males 0.13( 0.01

Day 1 Females 5066.00 | 174.11 Females | 2.17( 0.97 Females | 0.08| 0.00 Females | 0.11| 0.01
Both sexes | 5143.88 | 137.3Q Both sexes| 0.89| 0.71 | Both sexes [ 0.07| 0.00 Both sexes | 0.12| 0.01

Males 5217.38 115.34 Males -0.46| 0.77 Males 0.07( 0.01 Males 0.14( 0.01

Day 3 Females 5304.50 | 221.14 Females | 0.45( 0.81 Females | 0.06| 0.00 Females | 0.14]| 0.01
Both sexes | 5260.94 | 124.74 Both sexes| 0.00| 0.56 | Both sexes [ 0.07| 0.00 Both sexes | 0.14| 0.01

Males 5165.63 | 114.74 Males 0.17| 0.61 Males 0.07( 0.01 Males 0.16( 0.01

Day 5 Females 5630.63 | 182.99 Females |-0.26| 0.95 Females | 0.09| 0.01 Females | 0.14] 0.01
Both sexes | 5398.13 | 109.54 Both sexes|-0.04| 0.57 Both sexes | 0.08( 0.00 Both sexes | 0.15| 0.01

Males 5541.63 | 109.80 Males 0.00| 0.80 Males 0.07( 0.00 Males 0.18( 0.01

Day 7 Females 5647.63| 167.59 Females |-0.90| 1.15 Females | 0.07| 0.00 Females | 0.16]| 0.01
Both sexes | 5594.63 | 100.29 Both sexes|-0.45| 0.70 Both sexes | 0.07( 0.00 Both sexes [ 0.17| 0.01

Males 6287.75| 133.84¢ Males 1.68| 0.89 Males 0.07( 0.00 Males 0.19( 0.01

Day 9 Females 5483.63 | 112.64 Females |-2.82| 1.99 Females | 0.09| 0.01 Females | 0.17]| 0.01
Both sexes | 5885.69| 93.06| Both sexes|-0.57| 1.11 Both sexes | 0.08( 0.00 Both sexes | 0.18| 0.01

Vi




Table 7: Mean values values &M seg i FM seg iy IM segiandIM seg 1= SEM

FM s [HZ] + SEM FM s [HZ] + SEM IM s [dB] + SEM IM sqi1 [dB] + SEM

Males 370.38 | 41.02| Males |2175.75 145.51 Males -0.78 1.36 Males -11.62( 1.93

Day 1 Females 323.00 [ 35.38| Females [2272.13 125.56] Females | 2.25 1.44 Females (-12.08 1.80
Both sexes | 346.69 | 27.15(Both sexeg2223.94 96.17 | Both sexes| 0.74 1.00 | Both sexes|-11.85] 1.32

Males 358.13 | 36.50| Males |2107.88 135.35 Males 1.06 1.40 Males -12.45( 1.31

Day 3 Females 347.00 [ 72.81| Females [2441.63 114.62| Females | 1.70 1.43 Females | -9.35 1.30
Both sexes | 352.56 | 40.73|Both sexe§2274.7§ 89.66 | Both sexes| 1.38 1.00 | Both sexes|-10.90] 0.93

Males 294.13 [ 24.00| Males |2430.13 86.99 Males 2.29 1.16 Males -10.20[ 1.40

Day 5 Females 39559 [ 30.28| Females [2165.29 97.55| Females | 3.50 1.37 Females | -6.80 1.34
Both sexes | 344.86 | 19.73|Both sexe$2297.7]) 66.18 | Both sexes| 2.89 0.90 | Both sexes| -8.50 0.98

Males 370.88 | 43.24| Males |2147.884 107.64| Males 2.95 1.27 Males -7.60 1.36

Day 7 Females 33150 [ 51.29| Females [2645.7¢9 176.09] Females | 3.98 1.60 Females | -6.65 1.60
Both sexes | 351.19 | 33.58(|Both sexe$2396.84 105.05| Both sexes| 3.46 1.02 Both sexes | -7.12 1.05

Males 303.13 | 23.57| Males |2674.79 76.05 Males 2.08 1.30 Males -4.46 1.27

Day 9 Females 410.13 | 39.98| Females |2256.25 69.99 | Females | 3.38 1.32 Females | -1.95 1.33
Both sexes | 356.63 | 23.59(Both sexeg2465.5(0 54.26 | Both sexes| 2.73 0.93 Both sexes | -3.20 0.93

Vi




Table 14 Mean values of acoustic parameters of the whestlends emitted by pups 2-15-day-old

D | Sex| ﬁ/es] HUeT | Body mass [g]| Breed| Fo+ SEM [kHz] | Fpoct SEM [kHZ] | Dur+ SEM 5] N”mbe[i‘gé‘&rmon'cs
T M| 12 | 4 154 merind _ 0.67 £0.70 16.50 £ 0.51 0.2 6.20 £ 0.98
> M| 12 | 4 162 merind __ 0.66 £ 0.89 18.04 + 0.21 0.2706 7.30  1.00
3 M| 12 | 4 160 merind _ 0.61 £ 0.43 17.81 % 0.22 0.7102 10.20 * 0.60
51 M| 9 3 143 sheltie 0.59 + 0.91 19.21 + 0.43 0.3104 8.00 + 0.70
8 M| 7 4 129 coronel 057 +1.01 18.30 + 0.14 0.3708 6.00 £ 0.77
2 M | 2 2 103 sheltie 0.53£0.25 20.43 + 0.58 0.31020 6.80 £ 0.60
4| M| 4 3 119 merino| __ 0.59 £ 0.96 26.39 + 0.64 0.34G80, 9.10 £ 0.75
5| M| 4 3 121 merino] _ 0.62 £ 1.12 16.86  0.73 0.29H0. 750 +0.81
17| M| 6 2 134 texel 0.63+0.68 15.70 £ 0.33 0.19 $0.0 7.42+1.18
18| M | 6 2 136 texel 055+ 0.71 17.06 + 0.54 0.21 #0.0 550 + 0.81
9] M | 10 | 3 149 sheltie 0.54 +1.03 18.14 + 0.61 0.2D08 6.40 £ 1.19
20 M| 10 | 3 154 sheltie 0.66 + 1.00 17.96 * 0.29 0.2804 8.68 + 0.49
2 M| 8 3 139 merino] __ 0.54  0.69 16.87 £ 0.42 0.27G20. 6.71+ 1.11
23| M| 8 3 135 merino] _ 0.57 £0.76 17.65 + 0.32 0.19080. 7.42 +1.20
25 M | 5 1 126 sheltie 0.68 £ 1.20 23.99 £ 0.72 0.23G40 5.20 + 0.60
4 F| 12 | 4 151 merind 0.60 1.04 18.12 + 0.25 0.8006 6.10 £ 0.94
6 F| 9 3 144 sheltie 0.62 £ 0.69 19.20 + 0.69 0.2102 5.20 + 0.60
7T E| 9 3 140 sheltie 0.57 0.80 16.96 £ 0.72 0.3008 750+ 1.12
ol F| 7 4 121 coronet  0.59 £ 0.59 18.54 + 0.50 0.8508 6.00 £ 0.77
0] F | 7 4 127 coronet _ 0.66 £ 0.49 20.32 + 0.48 0.29050 5.70 £ 0.64
1] F | 7 4 123 coronet 059 £0.75 16.65 + 0.43 0.24020 6.90 + 1.04
13 F| 2 2 97 sheltie 0.56 + 0.99 21.80 £ 0.29 0.36080. 6.50  0.67
6] F| 4 3 119 merind __ 0.58 £ 0.62 18.61 + 0.27 0.32040. 5.00 + 0.83
21 F | 10 | 3 145 sheltia 0.59 £ 0.80 18.34 + 0.31 0.2504 9.30 £ 0.90
24| F | 8 3 141 merind _ 0.58 £ 0.67 17.510.19 0.26060, 6.10 £ 0.83
26| F| 15 | 2 169 sheltid 0.60 + 0.80 18.38 + 0.31 0.8002 7.40 + 0.66
7 F | 15 | 2 164 sheltid 057+0.72 10.85 + 0.24 0.2604 8.00 + 0.70
28] F | 13 1 159 sheltid 0.54 + 0.89 22.93 % 0.5 0.2008 6.30 + 0.64
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Table 15 Medians ofduration [s] and frequency of reactions to eactdl i@

DOG
Fleeing Vigilance Freezing
Duration | Frequency | Duration |Frequency| Duration | Frequency
Median 15 2 50 5 55 6
CONTROL (HUMAN) TEST
Fleeing Vigilance Freezing
Duration | Frequency | Duration |Frequency| Duration | Frequency
Median 30 3 49 5 41 4
BIRD OF PREY
Fleeing Vigilance Freezing
Duration | Frequency | Duration | Frequency | Duration | Frequency
Median 44 4 30 3 46 5
Table 16 Precentage of duration of each reaction to poedat
DOG
Fleeing Vigilance Freezing
Duration in % 12.5 41.67 45.83
CONTROL (HUMAN) TEST
Fleeing Vigilance Freezing
Duration in % 25 40.83 34.17
BIRD OF PREY
Fleeing Vigilance Freezing
Duration in % 36.67 25 38.33






