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Summary 

Auditory perception and paw usage in the domestic cat 

Wiebke S. Konerding 

 

The aim of this doctoral thesis was to analyse manual and auditory laterality in the domestic 

cat with regard to existing hypotheses on the evolution and mechanisms underlying 

handedness and speech laterality in humans. Assessing for the first time potential influences 

of postural demand on manual laterality in a non-primate mammal, I revealed that paw 

preference in domestic cats was not influenced by the body posture during grasping, contrary 

to what I expected based on the primate literature. These findings were especially meaningful 

since I confirmed that grasping during supposed higher postural demand while vertical 

clinging was indeed more difficult for the subjects. The results were discussed based on novel 

findings on non-human mammals, which indicate that the postural habit of a species might be 

one evolutionary force, shaping manual laterality in mammals. Focussing on a characteristic 

mammalian vocalization, the infant cry, my colleagues and I showed that kitten isolation calls 

are acoustically distinct with regard to the affect intensity (i.e. arousal) of the sender. These 

acoustic differences are similar to prosodic changes described for human and non-human 

mammalian vocalizations. The prosodic cues in the voice of kitten calls lead to sex-specific 

differences in responsiveness in the adult receivers. Thereby, females responded stronger to 

calls conveying high compared to low affect intensity, whereas males responded similarly to 

the two call categories. The results indicate that a complex of different prosodic cues 

(including fundamental frequency) is important for the adjustment of maternal 

responsiveness. Analysing head turning responses (so called orienting paradigm) to repeated 

presentations of kitten isolation calls, I did not reveal auditory laterality at the behavioural 

level. Whereas, assessing only the first playback presentation revealed more left than right 

turning individuals, which was significant for high affect intensity kitten calls, only. These 

contradictory results were proposed to be based on habituation processes and/ or induced 

affect intensity. Additionally, I discussed my findings in the light of the current criticism 

about the orienting paradigm. Based on the fact that several of my findings indicate sex 

differences in the domestic cat, I discussed potential mechanisms underlying differences in 

manual and auditory functions between male and female cats. Considering, what has been
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described in the literature I assumed potential organizational and fluctuating effects of sex 

hormones as underlying proximate causes of sex differences reported here. Taking these 

results together, I conclude that the domestic cat is a valuable non-primate mammalian model 

species that can help to enhance our knowledge on basic mechanisms and principles 

underlying the evolution of human handedness and speech laterality.
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Zusammenfassung 

Auditorische Wahrnehmung und Pfotenverwendung in der Hauskatze 

Wiebke S. Konerding 

 

In der vorliegenden Doktorarbeit wurde die manuelle und auditorische Lateralisation der 

Hauskatze im Hinblick auf aktuelle Hypothesen zur Evolution und Funktionsweise von 

Händigkeit und Hemisphärenasymmetrien (d.h. Lateralisation) in der Sprachverarbeitung 

beim Menschen untersucht. Bei der erstmaligen Untersuchung der möglichen Beeinflussung 

der manuellen Lateralisation durch die Körperhaltung an einem nichtprimaten Säugetier, 

konnte ich keine Einflüsse durch eine instabilere Körperhaltung auf die Pfotenpräferenz der 

Katze feststellen. Dieses Ergebnis ist besonders aussagekräftig, da ich feststellen konnte, dass 

das Greifen in einer vertikal kletternden Körperposition wie erwartet schwieriger für die Tiere 

war, als das Benutzen der Pfoten am Boden. Somit widersprechen meine Ergebnisse den 

Erwartungen einer Abhängigkeit der manuellen Lateralisation von der Körperposition, die 

sich aus der Primatenliteratur ergeben hatten. Basierend auf diesen Daten und im 

Zusammenhang mit neueren Ergebnissen aus der nichtprimaten Säugetierliteratur wird 

postuliert, dass die natürliche Fortbewegungsform einer Tierart, die evolutionäre Kraft 

darstellt, die die manuelle Lateralisation geformt hat. Für die Untersuchung der auditorischen 

Wahrnehmung der Katze habe ich mich auf einen charakteristischen Säugetierlaut, das 

Kinderweinen konzentriert. Meine Kollegen und ich konnten zeigen, dass sich der 

Isolationsruf von Katzenwelpen akustisch unterscheidet, je nachdem, ob sich der Sender in 

einem niedrigen oder einem hohen Erregungszustand befand. Die gefundenen akustischen 

Unterschiede ähneln dabei stark den prosodischen Parametern, wie sie bei anderen 

Säugetieren, einschließlich des Menschen, beschrieben sind. Diese Prosodien in der Stimme 

der Katzenwelpen erzeugen bei erwachsenen Katzen eine geschlechtsspezifische Anpassung 

in der Reaktionsstärke auf die Rufe. Dabei reagieren Weibchen stärker auf die Rufe die einen 

höheren Erregungszustand kodieren, als auf solche, die in einem niedrigen Erregungszustand 

geäußert wurden. Kater hingegen zeigen keine Verhaltensänderung in Abhängigkeit von dem 

Erregungszustand des Senders. Vorläufige Ergebnisse deuten darauf hin, dass ein Komplex 

aus verschiedenen prosodischen Rufparametern (einschließlich der Grundfrequenz) für diese 

Anpassung der mütterlichen Reaktionsstärke verantwortlich ist. Zudem habe ich die
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Kopfdrehreaktionen (sogenanntes Kopfdrehparadigma) auf die Rufe der Katzenwelpen 

untersucht, um eine mögliche auditorische Lateralisation auf Verhaltensebene feststellen zu 

können. Bei der Untersuchung der Drehreaktionen auf wiederholte Rufwiedergabe, konnte ich 

keine generelle Links-Rechts-Asymmetrie der Katzen feststellen. Wenn ich jedoch 

ausschließlich die Drehreaktion auf den jeweils ersten Stimulus untersuchte, zeigten mehr 

Tiere eine Links- als eine Rechtsdrehung. Diese Asymmetrie auf Gruppenebene war nur für 

die Rufe signifikant, die einen hohen Erregungszustand kodieren. Diese widersprüchlichen 

Ergebnisse zur auditorischen Lateralisation auf Gruppenebene habe ich in Bezug auf 

mögliche Habituationseffekte und/ oder Einflüsse durch den Erregungszustand diskutiert. 

Zudem nehme ich zu der aktuellen Kritik an dem Kopfdrehparadigma Bezug. Im Hinblick 

darauf, dass mehrere meiner Ergebnisse auf Geschlechtsunterschiede bei Katzen hindeuteten, 

diskutiere ich mögliche zugrundeliegende Mechanismen. Basierend auf Berichten aus der 

Literatur, postuliere ich sowohl organisierende, als auch fluktuierende Veränderungen durch 

Geschlechtshormone als proximate Einflüsse auf manuelle und auditorische Funktionen der 

Hauskatze. Zusammenfassend lässt sich sagen, dass die Katze ein geeigneter nichtprimater 

Modellorganismus ist, um weiterführende Untersuchungen der zugrundeliegenden 

Mechanismen und Prinzipien, sowie der Evolution der menschlichen Händigkeit und Sprach-

Lateralisation durchzuführen. 
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1. Chapter I: General Introduction 

 

Symmetry and asymmetry have always been of great interest to humans: it is a matter of what 

is right (or left). 

 

1.1. Symmetry 

Humans, as all vertebrates, belong to the bilateria. Bilateria have left-right symmetry (at least 

in their initial style) with their left body half being laterally reversed to their right side. The 

axially symmetrical shape of our body has not only given us an axis to orient to, it has also 

influenced our perception of the environment, including ourselves. Indeed symmetry is one of 

the classical aesthetic concepts, influencing the perception of beauty, both in arts and in 

science (Engler, 1990). It also affects the perception of ourselves: symmetric bodies and 

especially symmetric faces are perceived as more beautiful than asymmetric ones (Perrett et 

al., 1999). The biological relevance of assessing beauty in our own species is related to the 

judgment of attractiveness, a critical factor in mate choice. Symmetry in body and facial 

attributes is found to be linked to fitness in both humans and non-human animals (for review 

see Møller and Thornhill, 1998). This link is explained by the fact that symmetry indicates 

developmental stability (Brown, 1997), that is the ability to resist harmful effects (e.g. 

mutations, pathogens, toxins) during ontogeny (Scheib et al., 1999). Accordingly, body and 

facial symmetry influences men‟s and women‟s sexual success (e.g. number of sexual 

partners (Rhodes et al., 2005) and is a factor in mate choice in various animal species (Møller 

and Thornhill, 1998).  

Although symmetry seems to be in favour, it is far from being the rule. Individual 

faces, for example, do show asymmetries of different magnitude and direction, both in their 

anatomy as well as during speech and emotional expression (Perrett et al., 1999). 

 

1.2. Asymmetry 

Asymmetries do not only occur in our outer appearance and the assembly of our internal 

organs, such as our heart, which for most humans is positioned slightly to the left of the body 

axis (Levin, 2005; Lussanet and Osse, 2012). A special asymmetry, in terms of global impact 

and behavioural relevance, is the asymmetry of our brain. First, the brain is not completely 
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symmetric in the anatomy of its two hemispheres (i.e. some structures are bigger on the right 

than on the left and vice versa), second and most significant, the brain shows functional 

asymmetries (i.e. laterality). Functional asymmetries are based on the specialization of one of 

the two hemispheres for performing a specific action (e.g. manual laterality) or processing a 

specific stimulus (e.g. auditory laterality). This specialization is a relative dominance, 

meaning that usually both hemispheres are involved in any given task but to a different extent 

(Altenmüller, 1989) 

The existence of lateralized brain patterns has been discussed as a solution for parallel 

and simultaneous processing to detect novelty and to categorize objects and events 

(Vallortigara et al., 1999). To assess both, two preclusive analyses have to be performed: the 

degree of novelty has to be estimated via a detailed analyses of unique features of the stimulus 

(Vallortigara et al., 1999), and the stimulus has to be assigned to previous categories, by 

analysing a specific subset of stimulus characteristics, which are similar to those of stored 

representations of other members of the same category (Vallortigara et al., 1999). This 

general solution to segregate complex computational problems into sub-problems that differ 

in a typical way, together with the limitation of computational space within the brain, might 

have been the driving force for functional brain lateralization (Vallortigara et al., 1999). 

Vallortigara and colleagues (1999) concluded from their review that this mechanism is a 

homologous adaptation in all vertebrate species (for review see Vallortigara et al., 1999). 

Accordingly, Rogers (2010) suggested similar basic complementary specializations of the two 

hemispheres across vertebrate species. The author described the fundamental specializations 

of the left hemisphere to enable focused attention, related to learned routines, based on a 

relative predominance of top-down (i.e. instruction driven) processes, such as laterality for 

speech production. The right hemisphere is said to enable novelty assessment, related to 

emergency actions based on a relative predominance of bottom-up (i.e. stimulus driven) 

processes, as for example in processing strong and especially negative emotions (Rogers, 

2010).   

Several functional asymmetries are influenced by similar extrinsic factors (e.g. 

stimulus or task specificity). For example, handedness is influenced by the type of motor 

action which is necessary to perform a specific task, and auditory laterality (i.e. laterality for 

perceiving acoustic stimuli) is shifted due to the type of auditory stimuli processed by the 
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brain (details see below). Additionally, intrinsic factors, such as sex, age, and previous 

experiences have an impact on magnitude and direction of laterality. One general conclusion 

is that men show stronger hemispheric asymmetry than women, discussed to be influenced by 

the prenatal level of the sex hormone testosterone which is higher in male than in female 

foetuses (e.g. Cohen-Bendahan et al., 2004). However, sex differences in laterality are still 

under debate. A recent meta-analysis revealed significant influence of sex on the direction of 

handedness, with more left-handers among men, but measures related to auditory laterality 

did not reveal consistent sex differences (Sommer et al., 2008).   

In the following sections, I am going to introduce major currently discussed 

evolutionary (i.e. ultimate causes; e.g. selective pressures) and physiological mechanisms (i.e. 

proximate causes; e.g. sex-hormonal influences) of human laterality using the examples of 

handedness and speech laterality. Additionally, I am going to give examples of functional and 

anatomical brain asymmetries for motor and sensory functions in non-human animals that are 

in accordance with human asymmetries and are thus indicative for a pre-human origin of 

handedness and speech laterality. 

 

1.3. Handedness in humans 

One of the most obvious consequences of functional brain asymmetries in humans is 

handedness: about 90% of all humans are said to prefer the right hand for several different 

motor tasks (e.g. Corballis, 2003; Papadatou-Pastou, 2011). Already two centuries before 

Darwin‟s famous publication The Origin of Species (Darwin, 1872), in 1646 the potential 

“roote in nature” of human handedness was discussed by Thomas Browne (for review see 

Harris, 2000). When referring to the preferred (i.e. dominant) hand, this is usually the hand 

doing manipulative actions whereby the other hand may play a stabilizing role (Hammond, 

2002). The prevalence of right-handers is suggested to have already been established in 

Neanderthals (Uomini, 2009) and is nowadays found in different cultures all over the world 

(e.g. Connolly and Bishop, 1992; Marchant and McGrew, 1998). A predominant usage of the 

right hand is thereby related to the predominance of the left hemisphere, due to the generally 

contralateral connections of motor and sensory pathways (Lussanet and Osse, 2012). 

This predominance of the right hand (and left hemisphere) did not only shape our 

environment, as for example in terms of asymmetric tools and fabrics, it also influenced our 
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perception of what is normal, positive or “right” (Fabbro, 1994). Fabbro (1994) suggested in 

his review that the observation of a commonly stronger and more precise right hand, together 

with the general human tendency to classify the environment in a dichotomical manner, led to 

a positive connotation of the right compared to the left side throughout human cultures. This 

diverging perception of right and left becomes particularly obvious in the ambiguity the 

expressions for the two sides in different languages (for review see Fabbro, 1994). For 

example the English “right” and German “recht(s)” both have the meaning of correct and just, 

whereas the English “left” and German “links (linkisch, link)” refer to somebody being inept 

or crooked (Fabbro, 1994). 

 

1.4. Evolution of strong human handedness 

Handedness in humans relates to the consistent preference of one hand for most individuals 

and across most tasks (McGrew and Marchant, 1997). If most individuals of a given 

population exhibit the same individual side preference for one specific task (i.e. task 

specialization), this is referred to as a population level bias (McGrew and Marchant, 1997). It 

had been argued that true handedness or even a preference on population level is only present 

in humans (for review see MacNeilage et al., 1987). But this idea has been challenged from 

two sides. First, it was revealed that the human hand preference is much more variable across 

cultures than previously thought, with sometimes more than 20% left-hand users (Marchant 

and McGrew, 1998). Additionally, it was found that hand preference depends on the 

performed task. Results indicate that only when assessing the writing hand comparable 

proportions of right-handers are revealed across different cultures (Connolly and Bishop, 

1992). The second challenge derives from observations on manual laterality in non-human 

animals: more and more species were found showing limb preference at a population level 

(e.g. Vallortigara and Rogers, 2005; Rogers, 2009). Still, the individual preferences as well as 

the population level biases are most often less pronounced than those found in humans 

(Cashmore et al., 2008). As is going to be discussed in greater detail in Chapter II, several 

models exist to explain the development of the strong manual laterality in humans. 

 

Prior to considering evolutionary scenarios specific to handedness two general questions on 

the evolution of laterality have to be answered: (a) why should asymmetries exist at an 
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individual level and (b) why should biases at a population level have emerged. Asymmetry in 

behaviour, with movements of one side of the body being more skilled or with stimuli of one 

side being processed more accurately and faster, seems at first hand maladaptive since the 

surrounding world is indifferent to left and right (Vallortigara and Rogers, 2005). But 

functional laterality provides an individual with crucial advantages. Vallortigara & Rogers 

(2005) suggested that brain lateralization increases neural capacity through simultaneous 

processing of different functions in both hemispheres. For example weakly lateralized 

individuals have been found to have difficulties in performing two separate tasks 

simultaneously (e.g., in chicken, Vallortigara, 2006). Additionally, the predominance of one 

hemisphere for processing a specific function will overcome the problem of initiating 

incompatible responses (Vallortigara and Rogers, 2005; Vallortigara, 2006). Although the 

benefits of a strong lateralization at the individual level are straight forward, the existence of 

population level biases are a bit of a puzzle. In social species the need for synchronizing 

behaviours could provide a selective pressure for the majority of individuals to develop the 

same directional bias (Vallortigara et al., 1999). For example, prey species will profit from 

having the same motor biases, as this will help to keep a group together while moving. 

Nonetheless, such a directional bias will always enable other organisms, such as predators, to 

predict individual behaviours resulting in reduced survival rates of equally biased individuals 

(Vallortigara, 2006). Based on the rationale that left-right asymmetries in behaviour are 

inheritable traits (e.g. Corballis, 2009), Vallortigara and Rogers (2005) suggested that the 

alignment of individual asymmetries within a species arose as an evolutionary stable strategy 

(ESS) being a trade-off between resulting costs and benefits. Depending on the group size of 

interacting individuals, different proportions of left- and right-type individuals will lead to an 

optimal survival rate. Considering a group of primarily right-biased individuals of any prey 

species, an increase in left-biased individuals should increase the escape probability of the 

right-biased prey and vice versa (Vallortigara, 2006). For solitary prey species, this 

hypothesis predicts equal numbers of left- and right-type individuals (Vallortigara, 2006). An 

ESS is also appropriate to explain the existence of the small but constant number of left-

handers among humans. Thereby, the frequency-dependent advantage in fights might be the 

source of balancing selection, with the minority of left-handers having an advantage due to 

the fact that most opponents lack the experience of fighting nonright-handers (Llaurens et al., 
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2009). Still, the ESS as origin of population level biases has been questioned by several 

researchers (see Open Peer Commentary to Vallortigara and Rogers, 2005). The alternative 

explanations put forward focus on the role of genes selected for individual laterality in 

generating population level biases more as a by product than through selection process as 

proposed by Vallortigara and Rogers (2005). The genetic models was proposed by Annett 

(Annett, 1996). It suggests a dominant right-shift gene that shifts hemispheric dominance to 

the left side resulting in right hand preference (among others), whereas a homozygote 

recessive gene results, by chance, in either right or left hemispheric asymmetry. This right-

shift gene could have either been maintained due to a heterozygote advantage (proposed by 

Annett, 1996) or due to an ESS (proposed by Vallortigara and Rogers, 2005). Still, the 

underlying gene has not yet been identified and the question arose, whether such a complex 

process as functional brain lateralization would be controlled by just one gene (Sun and 

Walsh, 2006; Ocklenburg and Güntürkün, 2012). 

 The strong individual hand preferences in humans as well as the direction of 

handedness (i.e. majority right instead of left) have been proposed to have evolved related to 

the bipedal, upright posture, unique to humans (e.g. MacNeilage et al., 1987; Fagot and 

Vauclair, 1991; Westergaard et al., 1998; for details see Chapter II). Correspondingly, 

postural demand, due to enhanced balance control during grasping, was found to influence 

both strength and direction of hand preference in non-human primates (e.g. Papademetriou et 

al., 2005; Cashmore et al., 2008). Whether postural demand is a general influencing factor, 

also affecting manual laterality in non-primate mammals, has not been established so far. 

Hence, I wanted to assess, to what extent the postural demand during a grasping task 

influences paw preference in a non-primate mammal, using the domestic cat as model species: 

Chapter II.   

 

1.5. Coevolution of handedness and speech laterality 

Rogers (2009) reviewed limb biases from several different species and concluded that sensory 

brain asymmetries might have evolved prior to motor laterality. She suggests that limb 

preferences are determined by which hemisphere‟s sensory processing specialization is used 

to perform a particular task (Rogers, 2009). A different evolutionary scenario has been put 

forth to explain the evolution of speech laterality in humans. Here, the sensory/ motor 
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preference for speech processing in the left hemisphere has been proposed to have evolved 

from the predominance of the same hemisphere for fine motor manipulations. Papadatou-

Pastou (2011) postulated that the neural architecture for vocal communications evolved upon 

a system for gestural communication. It has been proposed that the left hemisphere held 

several neural prerequisites that were favouring functions of both, gestural and vocal 

communication (Vauclair, 2004). Bradshaw (1991) noted pre-adaptations of left hemisphere 

structures for sequential, analytic and time-dependent functions which are important both in 

gestural and vocal communication. Additionally, the communication system has been 

proposed to build on a more general “mirror” neuron system (Corballis, 2010). Mirror 

neurons were found not only to be active during the performance of goal-directed behaviour 

but also whenever an individual observes such an action or even when it hears a related sound 

(Kohler et al., 2002; Vauclair, 2004; Davila Ross et al., 2008; Papadatou-Pastou, 2011). Thus 

they are important for sender-receiver interactions both in vocal and non-vocal 

communication. Interestingly, the audiovisual mirror neurons in the macaque brain were 

found in an area homologous to a speech production area (i.e. Broca‟s area) in humans (i.e. 

F5, Kohler et al., 2002).  

Corballis (1992) emphasised the importance of „generativity‟ in developing speech 

which is the ability to form communicative units and to combine them based on defined rules, 

resulting in a huge (potentially unlimited) variety of phrases. As gestures were under 

voluntary control long before the emergence of speech (Vauclair, 2004), the asymmetry for 

gestural communication is discussed to have preceded language laterality (Corballis, 2003). 

One evidence for this hypothesis comes from the observation that chimpanzees exhibit a 

population level preference for using their right hand for communicative gestures (e.g. food-

beg gesture), but not so during hand usage in non-communicative contexts (Meguerditchian et 

al., 2010). 

 Corballis (2010) suggested that facial gestures may have provided a bridge from 

manual gestures to speech. The importance of facial gestures in today‟s human speech 

becomes obvious in the potential for lip reading, which is very effective in deaf people, and 

the fact that solely watching facial movements of speech activates speech areas in the left 

hemisphere (Corballis, 2010). It has been proposed that human ancestors possessed a vocal 



8 

 

 

repertoire of relatively fixed signals, similarly to that of modern non-human primates, which 

served as a basis for the development of human speech (Corballis, 1992). 

Due to the proposed link between handedness and speech laterality, it was initially 

speculated that all right-handed persons show left lateralized functions for speech whereas the 

reversed is true for left-handers (Papadatou-Pastou, 2011). However, the link between manual 

and language lateralization is more subtle: while more than 95% of strong right handed 

persons exhibit speech laterality at the left hemisphere, this number is reduced to about 70% 

in strong left-handers (Papadatou-Pastou, 2011). 

 

1.6. Speech laterality in humans 

Speech is a complex acoustic signal simultaneously carrying the intended content and 

information about the speaker in a single acoustic waveform. Thus, spoken language does not 

only convey the linguistic (or verbal) content, listeners can also gain information about the 

speakers‟ individuality such as group membership, sex and age as well as the affective state 

(i.e. emotions) of the sender (Pisoni, 1993). The latter properties of speech are called 

indexical or paralinguistic (also non- or extralinguistic) cues (Schehka and Zimmermann, 

2009). The call characteristics which vary with respect to the affective state of the sender are 

called prosodic cues. Different affective states lead to the feeling of different emotions in 

humans. Affective states can be characterised by using different dimensions (for review see 

Altenmüller et al., 2013). The most frequently used dimensions are those of affect intensity 

(also called arousal), which defines the intensity of an affective state (i.e. calm to excitation) 

and affect quality (also called valence), which gives the appetitive-aversive dimension of the 

affective state (Altenmüller et al., 2013). 

 

Both speech production and speech perception have been found to be lateralized in the human 

brain. First indicators for the lateralization of speech production were derived from 

anatomical observations of patients‟ brains (e.g. Broca, 1865; Wernicke, 1874). In 1865 Paul 

Broca found a left hemisphere lesion in a patient with one-word vocabulary. The affected 

brain area which is important in the control of speech production is thus called Broca‟s area. 

Broca‟s observations where supplemented in 1874 by those of Carl Wernicke. He found that 
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damage to a special brain area (now: Wernicke‟s area) in the left hemisphere was related to a 

special form of aphasia resulting in the impairment of speech comprehension. 

Much knowledge on auditory laterality has been derived from behavioural studies 

analysing speech intelligibility during conflicting sound presentations via the dichotic 

listening tests (e.g. Bryden, 1970; Cowell et al., 2012). During these tests subjects listen, 

usually via headphones, to presentations of simultaneous speech samples which contain 

paired syllables, numbers, words or sentences for the right and left ear (e.g. Bryden, 1970). 

The subjects are then asked to report their perceptions. From these reports it is assessed if the 

subjects have a bias in understanding speech samples more accurately from either the left or 

the right ear. A significant right ear bias (i.e. more correct scores for speech samples delivered 

to the right ear) is proposed to indicate a left hemisphere preference for language processing, 

due to the contralateral processing of auditory stimuli (Kompus et al., 2012). These tests are 

also frequently used in clinics for assessing reduced or reversed asymmetries in speech 

processing which have been found to be related to different neurological diseases (e.g. 

Meyers et al., 2002).  

Nowadays, more and more studies perform electroencephalography (EEG) or different 

functional imaging methods (e.g. functional magnet resonance tomography, fMRT, or 

positron emission tomography, PET). These methods are used to analyse (directly or 

indirectly) differences in the activity of neuronal networks of the left compared to the right 

hemisphere during speech production and perception (e.g. Pihan et al., 2000; Hickok, 2001). 

These studies enlarge our knowledge about functional brain asymmetries with delivering 

either a higher spatial (e.g. fMRT) or temporal resolution (e.g. EEG).  

 

Factors influencing auditory laterality are mainly derived from the characteristics of an 

acoustic stimulus. At the early stages of auditory laterality studies it had been revealed that 

speech is lateralized differently to non-speech sounds (e.g. Molfese et al., 1975). The 

neuronal mechanisms for auditory laterality are either supposed to be based on mechanisms 

exclusively evolved for speech processing (i.e. domain-specific model) or they are regarded to 

rely on the same neuronal systems that are also used for processing all other acoustic stimuli 

(i.e. cue-specific model) (for review see Zatorre and Gandour, 2008). The domain-specific 

model predicts that speech specific pathways exist, lateralized to the left hemisphere, and that 
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they are used exclusively for speech perception, based on the linguistic content of the speech 

stimulus (Liberman and Mattingly, 1985). Contrary, the cue-specific model predicts that 

specific acoustic features of speech stimuli lead to the left-hemisphere dominance in speech 

perception (Diehl et al., 2004). Hence, these left lateralized pathways can also be recruited by 

non-speech stimuli given that they contain specific acoustic characteristics. Zatorre and 

Gandour (2008) suggested a combination of the two models of speech lateralization, that were 

previously supposed to be contradictory. The authors concluded that different brain regions 

might show distinct lateralized activity that depends on the linguistic content of a stimulus 

including the previous experience with the language tested (i.e. knowledge of the linguistic 

content), the acoustic characteristic of the stimulus and even tasks-related features, such as 

attention focused towards either linguistic or paralinguistic cues. 

The effect that emotional speech (i.e. prosody) is lateralized to the right whereas 

neutral speech is lateralized to the left has received much attention (e.g. Schirmer and Kotz, 

2006; for further characterization see e.g. Wager et al., 2003). Thus, a parallel processing of 

the linguistic and prosodic content of speech has been suggested (Schirmer and Kotz, 2006; 

Brück et al., 2011).  

The finding that speech, which is rich of fast temporal changes, is lateralized to the left 

hemisphere whereas prosody and music which rely on slow spectral, melodic changes are 

lateralized to the right hemisphere (e.g. Altenmüller, 1989; Zatorre et al., 2002; for further 

characterization see e.g. Altenmüller et al., 2002) lead to the hypothesis that different 

temporal integration windows (IW) might be important in speech lateralization (Zatorre et al., 

2002). A trade-off between the specializations required for the two types of processing has 

been suggested, resulting in two parallel and complementary systems, specialized for either 

rapid temporal processing (IW: 20-40 ms) or fine spectral processing (IW: > 150 ms), 

respectively (i.e. „asymmetric sampling in time‟: Poeppel, 2003). The trade-off between 

spectral and time resolution becomes obvious when computating a sound spectrogram: using 

large windows for the Fourier transformation yields a high frequency resolution due to the 

large number of independent frequency channels. Simultaneously, a poor temporal resolution 

is generated owing to the averaging over the longer integration window (Zatorre et al., 2002). 

One physiological example has been derived from cats. It has been found that neurons in 

primary (A1) and secondary auditory cortex which have a greater bandwidth (i.e. broader 
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frequency tuning) have greater sensitivity to temporal changes (i.e. higher temporal 

resolution) and those with a smaller bandwidth have poorer sensitivity to temporal changes 

(Eggermont, 1998). In humans, conclusions drawn from different anatomical specializations 

of the two hemispheres indicate differences in their potential for temporal processing (for 

review see Zatorre et al., 2002). The A1 in humans is longer and wider, with a greater volume 

of white matter in the left compared to the right hemisphere (Zatorre et al., 2002). In the 

cellular organisation of the human A1 asymmetries have been found, with the layer III 

pyramidal cells being larger and small pyramidal cells showing increased branching and more 

dendritic spines on the left than on the right side (Hutsler and Galuske, 2003). Additionally, 

axons in the left planum region have been found to be more heavily myelinated than those in 

the right (Anderson et al., 1999). Larger cells with more heavily myelinated axons and greater 

interconnectivity could facilitate greater temporal resolution in the left auditory cortical areas 

compared to the right (Zatorre et al., 2002).  

To combine the different influencing factors on human speech laterality, Schirmer and 

Kotz (2006) suggested a multi-step model of emotional speech comprehension. They propose 

that after a differential processing of spectral (i.e. right) and temporal (i.e. left) features of 

speech, the acoustic (e.g. prosodic) cues are integrated and processed predominantly by the 

right hemisphere to be subsequently evaluated, for example based on their emotional 

significance (Schirmer and Kotz, 2006). 

 

1.7. Auditory laterality in non-human mammals 

It is important to keep in mind that a comparison of perceiving species-specific calls and 

speech perception will mostly only be possible with regard to paralinguistic cues and less so 

for linguistic (i.e. referential) information conveyed via communication sounds. As will be 

discussed in Chapter III, similar sets of prosodic cues (e.g. speech rate, pitch or intonation) 

are supposed to encode affective states in human speech as well as in non-human animals‟ 

communication calls (equivalent parameters are duty cycle, fundamental frequency or relative 

amplitudes of harmonic frequencies) (e.g. Schehka and Zimmermann, 2009; Zimmermann, 

2010; Zimmermann et al., 2013).  
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Auditory laterality in processing species-specific communication calls has also been revealed 

in several animal species. In animals usually behavioural indicators for auditory laterality 

were used. Some tests found ear preference based on discrimination performance for 

monaurally presented vocalizations (e.g. Petersen et al., 1984; Fitch et al., 1993), other 

researchers used the so called orienting paradigm developed by Hauser & Anderson (1994). 

During the orienting paradigm the ear oriented towards a loudspeaker 180° behind a subject is 

suggested to indicate the preference for sound processing of the contralateral hemisphere (but 

see Teufel et al., 2010). As will be introduced in greater detail in Chapter V, several studies 

revealed that species-specific calls elicited lateralized behavioural responses, whereas other 

stimuli were not processed asymmetrically (e.g. Hauser and Andersson, 1994; Böye et al., 

2005; Gil-da-Costa and Hauser, 2006; Scheumann and Zimmermann, 2008). Only few studies 

investigated whether specific acoustic cues of a stimulus are important for the lateralized 

perception of conspecific calls. They revealed that changing gross temporal features of a 

species-specific call (e.g. time-reversal) reduced or reversed the typical lateralization pattern 

(e.g. Hauser et al., 1998; Ghazanfar et al., 2001), indicating that the predominance of the 

human left auditory cortex for speech processing might have evolved from a pre-human 

origin. Other studies assessed the relevance of temporal and spectral features for laterality in 

animals by using artificial stimuli (e.g. Fitch et al., 1993). Fitch and colleagues (1993) found 

that rats, similarly to humans, showed better auditory temporal processing with the right than 

with the left ear. 

Influences of affective states of the sender on auditory laterality have been analysed 

quite seldom, but they were shown in different animal species (dogs: Siniscalchi et al., 2008; 

mouse lemurs: Scheumann and Zimmermann, 2008; and Campbell‟s monkeys Basile et al., 

2009). The studies revealed that vocalizations of intense negative emotions are lateralized 

differently to other species-specific calls (Scheumann and Zimmermann, 2008; Siniscalchi 

et al., 2008; Basile et al., 2009). 

Still, the relevance of prosodic cues on auditory laterality of species-specific calls, 

similar to influences of acoustic characteristics on speech laterality in humans, has not been 

assessed so far. Therefore, I aimed to investigate to what extent differences in acoustic cues in 

species-specific calls of distinct affective states can explain the potential auditory laterality in 

a common model for hearing research, the domestic cat (see Chapter V). 
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1.8. A special mammalian vocalization: the infant cry 

Regarding the evolution of the mammalian acoustic communication system, it has been 

proposed that it was considerably influenced by the intense mother-infant bonding, giving rise 

to a very special and ubiquitous call, the infant cry (Newman, 2007). The infant cry and the 

parental care it calls forth is one of the most important mechanisms for infant survival in all 

mammalian species including humans (Newman, 2007). Newman suggested this 

communication network to be the earliest to have evolved in mammals with further 

vocalizations building upon the neuronal circuits evolved for mother-infant communication 

(Newman, 2007). In non-human mammals infant cries are usually termed isolation (also 

separation) or distress calls, given the fact that they are produced in distress arising from 

social isolation and the related changes in thermal, olfactory, and tactile cues (Scheumann et 

al., 2007). The need to re-establish contact between caregivers and infants is essential for 

infant survival in mammals due to the infant‟s reliance on their mother (and caregivers) for 

nutrition, thermoregulation and protection (Nowak et al., 2000). This behaviour is thus 

considered a driving force for the evolution of a strong communication network between the 

vocalizing infant and the responding caregiver (Newman, 2007). The responsiveness of the 

adult care-giver has been found to be influenced by the affective state of the infant both in 

humans (Porter et al., 1986; Wood, 2009) and in non-human mammals (domestic pig: Weary 

et al., 1996). Thereby, the level of need and distress (i.e. affect intensity) is communicated via 

similar changes in prosodic cues (e.g. Porter et al., 1986; Weary et al., 1997). 

Infant cries throughout different mammalian taxa do not only show functional, but 

also structural similarities (with only very few exceptions: for review see Newman, 2007). 

For example the acoustic structure of the human infant cry has been found to be similar to that 

of the isolation calls of non-human primate infants (Soltis, 2004). The human infant cry is 

described as a tonal vocalization of either falling or rising/falling melody with a fundamental 

frequency of 200-600 Hz and a duration of 0.5-1.5 seconds (Soltis, 2004). Similar acoustic 

properties have also been derived from the domestic cat: the kitten isolation call (or kitten 

meow) has been described as tonal vocalization with an inverted-U form of 3 to 4 clearly 

visible frequency components below 4 kHz and a duration of about one second (Brown et al., 

1978).  
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Also the neural and neurochemical mechanisms underlying crying as well as cry perception 

are supposed to be homologous among mammals (Newman, 2007). Newman summarised the 

neuroanatomical structures involved in cry production and perception (Newman, 2007). 

Although the wiring and activation of the different structures have not been resolved yet, he 

uncovered several structures involved in what he called the „mammalian crying circuit‟ 

(Newman, 2007). For the production side these are mainly structures of the brainstem, some 

midbrain structures (e.g. amygdala and periaqueductal gray) and some forebrain structures 

(i.e. anterior cingulated gyrus and connecting thalamo-cingulate divisions) (Newman, 2007). 

The receiver side has been studied in even less detail. Most probably involved are the 

amygdala, the medial preoptic area, the cingulate gyrus and parts of the temporal lobe 

(Newman, 2007). Concordantly, the brain structures most intensively activated by infant 

crying in human adults belong to the amygdala-cingulate-auditory cortex ensemble (Seifritz et 

al., 2003; Sander et al., 2007). Sander and colleagues (2007) found on average 900% more 

activation in the amygdala for processing infant compared to adult crying or laughing. The 

amygdala has also been found to influence affective responses in different mammalian species 

including cat, monkey and man (e.g. Richardson, 1973; Seifritz et al., 2003). 

The neuronal responses to preverbal infant vocalizations (i.e. crying and laughing) 

have been found to be modulated by both parental state and sex of the receiver (Seifritz et al., 

2003; Sander et al., 2007). The distinct responsiveness of women compared to men with 

regard to infant vocalizations is discussed to be related to the higher care-giving tendency in 

women (Sander et al., 2007). Similar intrinsic factors affecting adult responses to infant cries 

have been described for several mammalian species (e.g. guinea pig: Berryman, 1981; mouse 

and rat: Ehret, 2005). The neuronal responses to infant cries in the mammalian brain have 

been analysed in considerable detail in the domestic cat. Kitten isolation calls have been 

found to be a very effective stimulus for several structures of the auditory pathway in the 

adult cat brain (e.g. for A1: Gehr et al., 2000; and inferior colliculus: Aitkin et al., 1994). 

 

Thus, I decided to use the domestic cat as non-primate model species to assess in how far 

infant cries (i.e. kitten isolation calls) are perceived asymmetrically in the brain. I proposed 

that behavioural responses to kitten calls depend on the sex of the receiver as male cats have 

no part in the infant-care and thus kitten calls are of no biological relevance to them.  
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In detail, I aimed to reveal, whether the potential auditory laterality in domestic cats might be 

similarly influenced by specific acoustic parameters as is speech laterality in humans. 

Therefore, I first tested whether affect intensity is encoded in the acoustic structure of kitten 

calls and to what extent these results will match encoding rules for prosody of other mammals 

(see Chapter III). Subsequently, I analysed in how far changes in affect intensity, encoded in 

kitten calls, are perceivable by adult cats and which prosodic cues might be important for the 

adaptive responsiveness to the infant cry (see Chapter IV). These prerequisites then led me to 

the question to what extent kitten isolation calls influence potential auditory laterality in 

domestic cats, due to a) the encoded affect intensity and b) the sex of the receiver. 

Additionally, I am going to combine the results on manual and auditory laterality, to assess 

whether both functions might be controlled by the same hemisphere in the individual cat. A 

correlation would indicate that one hemisphere of the cat possesses prerequisites for both 

lateralized functions, as has been proposed to be the driving force in the evolution of speech 

laterality from asymmetries in gestural communication.  

 

1.9. Aims of the doctoral theses 

In my doctoral studies I will analyse manual and auditory laterality in the domestic cat with 

regard to existing hypotheses on the evolution and mechanisms underlying handedness and 

speech laterality in humans. 

The domestic cat (also termed house cat) was domesticated from the African wildcat 

(Felis silvestris lybica), which was first tamed about 3700 B.C. in Egypt (Linseele et al., 

2007), and it has recently become one of the most popular pets in western countries (Turner 

and Bateson, 2000). The domestic cat evolved from a solitary into a social species 

(MacDonald et al., 2000), with females living in matriline groups and males being either 

associated to a female group (similar to what is known from lions) or being roaming around, 

visiting several female territories (Liberg et al., 2000). Due to its behavioural skills and 

sensory abilities, the domestic cat is a good model for analysing both paw usage and auditory 

perception. The domestic cat possesses skilled paw movements and frequently uses its paws 

for social interactions, such as during fight and play, and to capture and hold prey (Fabre-

Thorpe et al., 1993; Bradshaw and Cameron-Beaumont, 2000). Additionally it has been found 

that specific paw movements of the cat, such as food-grasping, are under control of the 
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contralateral hemisphere (Forward et al., 1962), which makes it a suitable model for analysing 

manual lateralization on a behavioural level (e.g. Tan et al., 1990; Pike and Maitland, 1997). 

Furthermore, the domestic cat is a common model in human hearing research (e.g. Kral and 

Sharma, 2012) due to similarities in hearing abilities (Fay, 1988) and its elaborated vocal 

repertoire (Moelk, 1944; Brown et al., 1978). Some anatomical asymmetries between left and 

right hemisphere (i.e. of the Sylvian fissure) indicate that also auditory functions might be 

lateralized in the domestic cat (Tan, 1992). 

No clear picture has yet emerged about universalities of influencing factors on manual 

laterality. As potential influencing factor I chose to analyse the postural demand during 

grasping as this factor has been discussed to be important in the evolution of the strong human 

handedness. Moreover, only little is known about the auditory laterality in non-primate 

mammals and even less about factors shaping these perceptual asymmetries. Thus, I decided 

to assess the potential influence of acoustically conveyed affect intensity which might 

influence the auditory laterality due to differences in temporal integration windows activated 

as slow versus fast integration windows are proposed to be lateralized to opposite 

hemispheres in the human brain. Additionally, I will assess the potential correlation of manual 

and auditory laterality in the domestic cat, revealing to what extent the link of handedness and 

speech lateralization proposed for humans is found between manual and auditory lateralized 

functions in a non-human animal. A correlation would indicate that similar prerequisites of 

manual as well as auditory lateralization are located within the same hemisphere in a non-

primate mammalian species. These results might later on (when identified to be homologous 

or analogous) help to evaluate the proposed evolutionary links between handedness and 

speech laterality. 

 

Thus, I addressed the following specific questions:  

 

Manual laterality 

(1) To what extent is paw preference influenced by postural demand during grasping? 

(Chapter II) 
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Auditory laterality 

(2) To what extent do kitten isolation calls show differences in acoustic cues due to the 

induced affect intensity? (Chapter III) 

 To what extent are prosodic cues to affect intensity independent from acoustic 

parameters encoding sender-identity? 

(3) To what extent can affect intensity encoded in kitten calls be perceived by adult male 

and female cats? (Chapter IV) 

 To what extent do sex-differences exist in the responsiveness to kitten calls of 

distinct affect intensity? 

 To what extent is the potential differentiation between high and low affect 

intensity based on specific sets of prosodic cues (e.g. relative amplitude and 

F0)? 

(4) To what extent is the potential auditory laterality in the perception of kitten calls 

related to acoustically conveyed affect intensity? (Chapter V) 

 To what extent do sex-differences exist in the potential auditory laterality in 

perceiving kitten calls of distinct affect intensity? 

 To what extent does auditory laterality correlate with the paw preference 

during grasping? 

 

 



18 

 

 

2. Chapter II: Paw preference 

 

Paw preference is not affected by postural demand in a non-primate mammal, the 

domestic cat, Felis silvestris catus: implications for the evolution of manual laterality 

 

Citation 

Konerding, W.S., Hedrich, H.-J., Bleich, E., & Zimmermann, E. (2011, August 15). Paw 

preference is not affected by postural demand in a non-primate mammal, the domestic cat, 

Felis silvestris catus: implications for the evolution of manual laterality. Journal of 

Comparative Psychology, 126:15-22. Doi: 10.1037/a0024638 

 

2.1. Abstract 

Previously, it has been thought that handedness is unique to humans. Recently, it has been 

found that hand/ paw preferences are common among a variety of vertebrate species. 

Different models have been put forth to describe the evolution of primate handedness. In this 

study we aimed to explore whether these models can also be used to predict manual laterality 

in non-primate mammalian groups. The cat (Felis silvestris catus) is a good non-primate 

model for manual laterality, as cats frequently use paws to catch and hold prey. Cats were 

exposed to two standardized manual laterality tasks, differing in postural demand. Subjects 

(N = 28) were forced to use either a stable or unstable body posture (i.e. sitting/ standing vs. 

vertical clinging) to extract food items from a plastic box, attached at two different heights. 

We revealed that cats exhibited paw preferences at an individual level with about 40% left, 

30% right, 30% non-lateralized subjects. Postural demand was linked to task difficulty: the 

unstable body posture was found to be significantly more difficult than the stable body 

posture. However, these differences in postural demand and task difficulty did not lead to 

differences in direction or strength of paw preference. Findings suggested that non-primate 

mammals differ from primates in their sensitivity to task related factors, such as postural 

demand. Results coincide with those of some prosimians, providing support for the hypothesis 

that postural demand and the associated task complexity are factors shaping manual 

lateralization not until somewhere along the primate evolution.  
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3. Chapter III: Production of kitten isolation calls 
 

Vocal correlates of sender-identity and arousal in the isolation calls of domestic kitten 

(Felis silvestris catus) 

 

Citation 

Scheumann, M., Roser, A.-E., Konerding, W., Bleich, E., Hedrich, H.-J., & Zimmermann, E. 

(2012, December 21). Vocal correlates of sender-identity and arousal in the isolation calls of 

domestic kitten (Felis silvestris catus). Frontiers in Zoology, 9:36. Doi: 10.1186/17429994-9-

36 

 

3.1. Abstract 

Human speech does not only communicate linguistic information but also paralinguistic 

features, e.g. information about the identity and the arousal state of the sender. Comparable 

morphological and physiological constraints on vocal production in mammals suggest the 

existence of commonalities encoding sender-identity and the arousal state of a sender across 

mammals. To explore this hypothesis and to investigate whether specific acoustic parameters 

encode for sender-identity while others encode for arousal, we studied infants of the domestic 

cat (Felis silvestris catus). Kittens are an excellent model for analysing vocal correlates of 

sender-identity and arousal. They strongly depend on the care of their mother. Thus, the 

acoustical conveyance of sender-identity and arousal may be important for their survival. We 

recorded calls of 18 kittens in an experimentally-induced separation paradigm, where kittens 

were spatially separated from their mother and siblings. In the Low arousal condition, infants 

were just separated without any manipulation. In the High arousal condition infants were 

handled by the experimenter. Multi-parametric sound analyses revealed that kitten isolation 

calls are individually distinct and differ between the Low and High arousal conditions. Our 

results suggested that source- and filter-related parameters are important for encoding sender-

identity, whereas time-, source- and tonality-related parameters are important for encoding 

arousal. Comparable findings in other mammalian lineages provide evidence for 

commonalities in non-verbal cues encoding sender-identity and arousal across mammals 

comparable to paralinguistic cues in humans. This favours the establishment of general 

concepts for voice recognition and emotions in humans and animals. 
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4. Chapter IV: Perception of kitten isolation calls 

 

Sex differences in responsiveness to affect intensity in the voice of kittens 

 

 

4.1. Abstract  

The mammalian infant cry is a most important communicative tool to elicit adaptive care-

giving behaviours. In species which show biparental care adults of both sexes respond to 

these calls, but females respond stronger than males. In order to adjust responsiveness in the 

presence of conflicting stimuli/ motivations, it is necessary that adults perceive the conveyed 

affect intensity (e.g. level of need for support) from infant cries. We hypothesised that in a 

species in which males take no part in raising the offspring, such as the domestic cat, sex 

differences would be more pronounced and females, and not males, will adjust responsiveness 

according to affect intensity. We chose the domestic cat as model species as previous studies 

revealed that kitten isolation calls (i.e. non-human infant cry) are distinct in their acoustic 

structure with regard to affect intensity. We performed playback experiments to assess 

differences between the sexes in response to Low and High affect intensity calls. As indicator 

of response strength, we used the latency to orient to the sound source, a prerequisite for care-

giving behaviours. We found that females, and not males, differed in responsiveness towards 

kitten calls of varying affect intensity, resulting in sex differences in responsiveness towards 

kitten calls of High affect intensity. This result was not influenced by prior experience in 

raising kittens. We revealed for the first time in a species without paternal care that females, 

and not males, are selected for the ability to adjust responsiveness according to affect 

intensity conveyed by infant communication calls. 

 

4.2. Introduction  

The infant cry is an important human vocalisation as it triggers adaptive care-giving 

behaviours which are critical for the survival of a newborn infant (Chang and Thompson, 

2011). Human infants, as all mammalian infants, rely heavily on the care-givers` support in 

terms of nutrition, thermoregulation and protection (Nowak et al., 2000). In humans, it has 
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been found that the infant cry is one of the most distracting species-specific vocalisation 

(Chang and Thompson, 2011). The high salience is said to have evolved in mutual adaptation 

of acoustic parameters of the cry and the species own perceptual properties (Ehret, 2005). The 

characteristic neuronal responses to infant cries have been found to depend both on the sex 

(Seifritz et al., 2003; Sander et al., 2007) and the previous experience (i.e. parents vs. non-

parents, Seifritz et al., 2003) of the receiver. Whereas experience-dependent activation 

patterns were distinct for different emotional vocalisations (i.e. distinguishing between 

laughing and crying), sex-dependent patterns were independent from the emotional quality 

(Seifritz et al., 2003). Sex differences were considered to reflect more general behavioural 

disposition in response to infant calls, probably related to different temperaments in 

withdrawal-related behaviours (Seifritz et al., 2003), or a higher care-giving tendency in 

women (Sander et al., 2007).  

Related to the infant‟s needs for support (e.g. level of hunger or pain), the acoustic 

properties of the infant cry (i.e. prosodic cues) differ according to the affect intensity (i.e. 

synonymous to arousal or urgency to respond, Schehka and Zimmermann, 2012) of the sender 

(e.g. Wood, 2009). These prosodic changes influence the perception and behaviour of adult 

receivers. The perceived urgency to respond (i.e. indicated via rating scales, Leger et al., 

1996) as well as the actual latency to respond (i.e. behavioural indicator of perceived urgency, 

Wood and Gustafson, 2001) are thereby related to changes in fundamental frequency (F0), 

call duration, call rate, noisiness and amplitude (Leger et al., 1996) which are discussed as 

being part of a general mammalian affect encoding rule (Zimmermann, 2010; Briefer, 2012; 

Schehka and Zimmermann, 2012; Zimmermann et al., 2013). 

 

The infants of many mammalian species produce calls which are of similar function and 

acoustic structure as the human infant cry (Newman, 2007) . These vocalisations are termed 

infant isolation (also separation or distress) calls as they are produced in the distress elicited 

due to social isolation. These calls elicit adaptive behaviours in adult care-givers, such as an 

orientation to the sound source, seeking behaviours and a reunion with the pup (e.g. in 

rodents: Ehret, 2005). The responses to these calls are influenced in many mammalian species 

by factors similar to those described for humans. Studies in guinea pigs, mice, rats and 

monkeys revealed influences due to hormone level (e.g. during lactation), sex of the receiver 
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and previous experience with pups (Simons et al., 1968; Berryman, 1981; Ehret, 2005; Kober 

et al., 2008). For example, studies in mice revealed positive phonotaxis towards pup calls in 

both parents and sexually naïve adults (i.e. without any breeding experience or pub contact), 

but the retrieval of pups into the nest has to be triggered by experience in male, but not 

female, naïve mice (Ehret, 2005). Thus, in a species with both paternal and maternal care, as 

in house mice, graded sex differences exist: both sexes show adaptive responsiveness (i.e. 

phonotaxis) to the infant isolation call, whereas naïve males do so to a lesser extent (i.e. no 

retrieval) than naïve females.  

Latencies to respond have been found to be additionally influenced by the 

motivational state of the care giver, for example, latencies are longer when a female is nursing 

other pups (Ehret, 2005). Thereby, the female has to decide whether she maintains contact to 

the nursed infants or seeks the lost infant in what has been referred to as a “fight for priority” 

(Ehret, 2005). In light of the necessity of a care-giving adult to decide against other stimuli/ 

motivations to respond to an infant cry, it is important that the call reliably conveys the 

current need for support (e.g. defence or nutrition) of an isolated infant.  

Recently, a growing number of studies investigated in different mammalian species 

influences of affect intensity on the acoustic structure of infant isolation calls, revealing 

similar differences in the prosody of isolation calls, as for human infant cries (e.g. cattle: e.g. 

Thomas et al., 2001; domestic pig: e.g. Weary et al., 1997; domestic cat: e.g. Scheumann et 

al., 2012; Weddell seal: Collins et al., 2011: big brown bat: Camaclang et al., 2006: elephant: 

Stoeger et al., 2011; mouse lemur: Scheumann et al., 2007; and rhesus monkey: e.g. Bayart et 

al., 1990). The ability of non-human care-givers to adjust their responsiveness according to 

the affect intensity of infants has, to the best of our knowledge, only been assessed in one 

study. Weary and colleagues (Weary et al., 1996) revealed that sows show stronger responses 

to playback presentations of isolation calls from “needy” (i.e. small and hungry) piglets 

compared to “un-needy” piglets (Weary et al., 1996). Thereby, the authors opposed calls from 

different senders, which were of extreme acoustic differences (i.e. higher than the difference 

occurring within a litter) (Weary et al., 1996).  

The current study shall answer, whether adult animals respond differently to infant 

calls recorded in isolation contexts inducing distinct affect intensities, opposing calls of the 

same senders. Additionally, we assessed for the first time potential sex differences in the 
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responsiveness to infant cries in a species which does not show any paternal care. Although it 

is possible that the infant isolation call, as highly salient species-specific vocalisations, 

recruits perceptual systems inherent in both sexes, we propose that these males do not show 

any distinct responses to affect intensity, due to a lack of behavioural significance. As model 

species, we used the domestic cat. 

 

The domestic cat is a typical altricial species: kittens are born deaf and blind, with a limited 

ability to move and thermoregulate and are raised in covert nest sites (Deag et al., 2000). 

Although adult cats live in matriline groups of male and female adults, sexually mature males 

are not tolerated around the nest sites, most probably due to the risk of infanticide (Feldman, 

1993). The kitten isolation call is produced by kittens in the context of social isolation from 

its mother and siblings (e.g. Haskins, 1977; 1979; Romand and Ehret, 1984; Scheumann et al., 

2012), usually up to the age of about 32 days (Romand and Ehret, 1984). Playback 

experiments revealed that isolation calls of kittens of up to 30 days of age reliably induce 

specific behavioural responses in female cats, which are approach and investigation of the 

sound source and retrieval of lost kittens into the nest (Haskins, 1977). The kitten isolation 

call has been found to be a very effective stimulus for several structures of the auditory 

pathway in the adult cat brain, inducing higher neuronal responses than a variety of other 

auditory stimuli (e.g. in primary auditory cortex, Gehr et al., 2000; and inferior colliculus 

Aitkin et al., 1994). It has been found that kitten isolation calls vary in a variety of prosodic 

cues with regard to the affect intensity of the kittens (Haskins, 1979; Romand and Ehret, 

1984; Scheumann et al., 2012). Whether these acoustic differences are also of behavioural 

relevance to adult cats has not been assessed so far. 

To analyse to what extent these prosodic cues alter the responsiveness of adult cats to 

natural kitten calls we used playback stimuli from two defined experimentally induced 

isolation conditions, varying with regard to the amount of handling, inducing high and low 

affect intensity in the sender. We assumed that high affect intensity calls (hereafter referred to 

as High calls) would lead to higher responsiveness in the care-giver than low affect intensity 

calls (hereafter referred to as Low calls). As indicator for responsiveness, we used the latency 

to orientate to the loudspeaker, as the orientation to the sound source is a prerequisite for 

adaptive care-giving behaviours (Haskins, 1977; Ehret, 2005). To the best of our knowledge, 
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no sex differences have been reported in the auditory system of the domestic cat. Thus, we 

assume that kitten calls will be of similar auditory salience to both, male and female cats. But 

due to the fact that male cats are not involved in infant care, we proposed that the kitten 

isolation call would be of less biological significance for male compared to female cats, 

especially with regard to assessing the affect intensity from the call. We hypothesized that 

females would respond to both the High and the Low calls, but show a stronger response to 

the former. We also expected males to respond to the calls, but to a lesser extent than females 

and with equal response strength for High and Low calls. Additionally, we proposed that 

previous experience with kittens is not necessary for females to show affect intensity related 

behavioural responses to infant calls.  

 

4.3. Methods 

4.3.1. Subjects 

The experiments were performed with 17 adult cats (9 males, 8 females) aged 1 to 8 years 

(meanm = 2.4, meanf = 3.6). All subjects were intact (i.e. not neutered or castrated) and all 

originated from and were kept at the Central Animal Facility of the Hannover Medical School 

(Specific Pathogen-Free breeding colony). Of the females, 4 had already raised offspring and 

thus were defined as experienced, whereas the other 4 were defined as naïve with regard to 

kitten vocalisations. None of the females was pregnant or lactating during the time of the 

study. The animal husbandry fulfilled all recommendations for domestic cats as required by 

the guidelines of the European Union (ETS 123, Directive 2010/63/EU) and was approved by 

the local veterinary authority (No. 42500/1H). The cats lived in same-sex groups of 2 to 5 

individuals in animal rooms of adequate size (12.5 m
2
 to 20.6 m

2
, height: 2.6 m). The rooms 

were enriched with several wooden boxes, tables and shelves for resting and hiding, plastic 

items for playing with and bars for scratching. The light-dark cycle was 12:12 (light on at 

06:00), the temperature was set at about 22°C and relative humidity was held at 

approximately 55%. As an additional heat source, each room was equipped with an infrared 

lamp. The cats were fed daily with tinned (Whiskas® tins, Mars GmbH, Verden, Germany) 

and dry cat food (SDS Pet Food, Special Diets Services, Witham, Essex, UK) and were 

provided with water ad libitum. The diet was supplemented weekly with freshly killed rats. 

The animals had social contact with their caretaker at least once a day, permanent direct 
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contact to cats in the same room and additional (mainly acoustic/ olfactory) contact to other 

cats of the colony and the caretaker.  

 

4.3.2. Recording of playback stimuli 

We recorded kitten isolation calls in two behaviourally defined conditions, inducing Low and 

High affect intensity in the kittens. The recording procedure had already been successfully 

used in our lab (Scheumann et al., 2012). The calls for this study were recorded from 

16 kittens (8 males, 8 females), aged 9 to 11 days, during isolation conditions, performed in 

the home animal room of the animals. During the 3-minute conditions (pseudo randomly 

starting with either High or Low affect intensity) the kitten under observation was spatially 

separated from its mother and siblings. In the Low affect intensity condition a kitten was only 

spatially separated from its mother and siblings and left undisturbed alone on the floor of the 

animal room. In the High affect intensity condition a kitten was additionally handled by the 

experimenter, i.e. the kitten was grasped, lifted off the ground and/or turned onto its back. We 

assumed that the latter condition induced a higher affect intensity in the kittens, which is 

related to a higher need for support by the care-giver to end the unpleasant situation. After 

each condition, kittens were reunited with their mother and siblings. For recordings we used a 

Sennheiser microphone (ME 67, Sennheiser, Wedemark, Germany; frequency range: 40-

20,000 Hz) and Marantz recorder (PMD 660, Marantz, D&M Holdings Inc., Mahwah, NJ, 

USA; sampling frequency: 44.1 kHz, 16 bit). 

 

4.3.3. Selection of playback stimuli 

For playback stimuli, we decided to use single calls instead of call series, as results of a pilot 

study indicated that cats responded to kitten calls within the average duration of a call. During 

the selection process, we took care that each subject is not familiar with (e.g. mother or 

sibling of) more than 2 kitten senders. We decided not to use any two calls of a given sender, 

but to carefully select representative calls of Low and High affect intensity for playback 

presentations. This preselection is necessary to prevent atypical calls being used by chance, 

which may alter the subjects` responses in a critical way, influencing the overall outcome of 

the experiments. Thus, we first performed acoustic analyses (Avisoft SASLab Pro; Avisoft 

Bioacoustics, Berlin, Germany) on a larger set of kitten isolation calls (320 calls from 16 
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senders, every 10 calls per affect intensity condition) and tested statistically, for significant 

differences in the acoustic structure of the calls (see Supplementary 4.1.). Based on the 

acoustic analysis of Low and High calls, we chose representative calls as follows: playback 

calls about 630 ms long, with a fundamental frequency at the maximal amplitude of the call 

(F0max) of about 1550 Hz and being distinct in F0 at the start of the call (F0start) based on 

affect intensity: F0start above 1300Hz for Low calls and F0start below 1000 Hz for High 

calls. Based on these specifications, and excluding calls of poor signal to noise ratio, we chose 

14 calls from 7 senders (4 males, 3 females): one Low and one High call for each sender (for 

example see Fig. 4.1.). To assure our selection of playback stimuli, we assessed whether the 

selected calls were distinct with regard to affect intensity. Our stimuli were found to 

significantly differ in 3 out of 15 parameters (Fisher Omnibus test (Haccou and Melis, 1994): 

χ
2
 = 47.763, df = 30, p = 0.021).  

We decided against the use of control sound(s), as this would have increased the 

overall experimental time for each subject, enhancing the risk for an overall habituation to 

sound presentations. As we are interested in the relative response strength between the two 

sexes and between the two call types, control sound(s) would not help to answer our 

questions. 

 

 
Figure 4.1. Representative Low and High affect intensity kitten isolation calls of the same 

sender 

Depicted are oscillograms and spectrograms of each call.  
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4.3.4. Processing of playback stimuli 

The natural calls (sampling frequency: 44,100 Hz) were cut at zero-crossings of the 

oscillogram (Signal 4.0, Engineering Design, Berkeley, CA, USA) from the original 

recordings and were individually high-pass filtered and low-pass filtered at 20.000 Hz 

(BatSound Pro, Pettersson Elektronik AB, Uppsala, Sweden). Each of the 14 stimuli was 

equipped with short sequences of silence (0.2 ms, Signal 4.0) at the beginning of the call, to 

eliminate onset clicks while being broadcasted from the loudspeaker (quadral Argentum 02.1, 

quadral GmbH & Co. KG). Additionally, each stimulus was prolonged to 3 s total duration by 

adding silence (Signal 4.0). The stimuli were played back at a standardised sound pressure 

level (SPL) of 70 ± 2 dB at a distance of 1.8 m from the loudspeaker (RMS fast measurement: 

Bruel and Kjær 2610, high-pass filter: 22.4 Hz), to match the loudness of natural kitten 

vocalisations (Romand and Ehret, 1984) at hearing distance during the experiments (see 

below). 

 

4.3.5. Playback experiments and experimental set-up 

The cats were tested in a separate testing room. In the centre of the testing room an 

experimental cage (wire dog crate, 54 x 78 x 62 cm
3
) was placed on a carpet, surrounded by 

sound attenuating foam, attached to 4 movable walls (Fig. 4.2.). For the playback 

presentation, the loudspeaker was placed behind an opening in the foam of one movable wall. 

Opposite to the loudspeaker, the experimental cage was equipped with a drinking bottle 

containing a milk/water solution. Thus, a subject heard the stimuli at a defined distance of 

1.8 m while drinking. Additionally, the cage was equipped with wire mash to guarantee that 

the subjects were aligned closely to the bottle-loudspeaker axis while drinking. The 

experiments were performed and monitored from outside the testing room via an 

observational camera and a laptop. Video samples were recorded with a digital camera (Sony 

DCR-SR75E, Tokyo, Japan), suspended over the bottle side of the cage. The two camera 

signals were synchronised to the playback presentations via a diode light, indicating the 

duration of sound presentation. The light was visible to both cameras, but invisible to the 

subjects. The playback stimuli were played back on a Marantz recorder (PMD 671) via an HK 

980 amplifier (harman/kardon, HARMAN International Industries, Inc., Stamford, CT, USA). 
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Figure 4.2. Experimental set-up  

 

Before the actual experiments started, each animal was habituated to the experimental set-up 

in 5 to 10 min trials until it showed no signs of stress (e.g. escape attempts from the cage, 

piloerection, hissing or intensive vocalisation) and was drinking from the bottle at least 

10 seconds during 5 minutes of habituation. Each experiment started half a minute after the 

observer had left the testing room. We presented one call of High and one of Low affect 

intensity from each of the 7 sender kittens for each subject. The stimuli were presented in a 

pseudo-randomised order, with one stimulus being repeated no more than twice 

consecutively. Stimuli were played back only when the subject was licking the drinking 

bottle, with its body being aligned closely to the bottle-loudspeaker axis and its head held 

approximately straight. Subsequent playback presentations were played at intervals of at least 

1 min, to assure independent behavioural responses and to reduce the risk of habituation. 

Additionally, no more than 4 stimuli were played during each experiment to further reduce 

habituation risk. An experiment was stopped at the latest after 15 minutes. Due to the 
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potential influence of scent marks on the behaviour of the subjects, the testing cage was 

cleaned with disinfectant after each experiment and the two sexes were tested in two different 

cages, identical in construction. Each cat was tested 2 to 4 times a week. The experiments of 

one subject were completed when each of the 14 different stimuli had been scored in the 

video analysis.  

 

4.3.6. Video and statistical analyses 

The behavioural responses were scored in video analyses, performed blind to the respective 

playback stimulus (i.e. without acoustic information). Thus, all experiments were scanned for 

playback presentations indicated by the lightening of the diode. Only if a subject had contact 

to the drinking bottle at the first flashing of the diode was a stimulus presentation analysed. 

To pick the best parameter describing the cats‟ responses, we assessed for each playback 

presentation the strongest response occurring within 1 second after stimulus onset. The 

following behaviours were scored: non responses, stop drinking (i.e. without turning the head 

or body), partial head turn (i.e. turn less than 180°), partial body turn (i.e. forelimbs were 

moved in direction of the head turn) and orientation to the loudspeaker (i.e. head or body turn 

with gaze oriented to the loudspeaker). As indicator of responsiveness, we chose the latency 

to orientate to the loudspeaker (i.e. defined by the first gaze directed to the loudspeaker), as 

this was the most common response (cf. 4.4.) observed. We analysed the first second after 

stimulus onset in slow motion (replay speed: 14 frames/s) with Interact 32 software (Version 

8, Mangold, Arnstorf, Germany) and scored latencies with an accuracy of one frame (i.e. 

0.04 s). If an animal did not respond within the first seconds the maximum duration (1 s) was 

scored as latency. The onesecond time frame was defined via an analysis of the frequency-

distribution of latencies over a total duration of 5 s from the stimulus onset (Fig. 4.3.). 

Figure 4.3. depicts an accumulation of latencies shorter than 1 second. Thus, responses 

occurring after 1 s from stimulus onset were supposed to be random behaviours of the 

subjects and not specific behavioural responses to the playback presentations. All non-

responses were scored for later statistical analysis as the maximal duration (i.e. 1 s).  
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Figure 4.3. Frequency-distribution of latencies  

Frequency-distribution of all latencies to orientate to the loudspeaker occurring within a 

timeframe of 5 s after stimulus onset (N = 85). 

 

For inter-observer reliability, 25% of the stimuli were reanalysed by a second observer. The 

comparison of the scores for latencies to orientate to the loudspeaker of the two observers 

were significantly correlated (two-tailed Spearman-Rho correlation: p < 0.00, r = 0.99, 

y = 1.05x-0.05). 

We calculated mean latencies for each subject for the 7 Low and High calls, 

respectively. These individual mean latencies in Low and High calls were then used to assess 

the influences of the acoustically conveyed affect intensity of the sender as well as the effects 

of sex (9 males, 8 females) and experience (4 experienced, 4 naïve females) of the receiver.  

The latencies were found to be normally distributed (exact, two-tailed Kolmogorov-

Smirnov test: Z ≤ 1.04, p ≥ 0.19). Global tests were performed via a repeated measurement 

ANOVA assessing the effects of (a) sex and affect intensity (b) experience and as potentially 

confounding factors (c) habituation effects and (d) the identity of the sender. Based on these 

results we decided whether to analyse the different factors separately and performed two-

tailed, dependent (affect intensity; experience) or independent (sex) t-test. The statistical 

analyses were performed via SPSS software (PASW Statistics 18.0) with the level of 

significance set at 5%. 
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4.4. Results  

4.4.1. Qualitative analysis of behavioural responses 

We revealed (for all subject together, i.e. N = 238 playback presentations) 144 behavioural 

responses, for which we scored the strongest behaviour occurring within an onesecond time 

frame after stimulus onset. These consisted of 21 cases in which animals stopped drinking, 36 

cases in which a partial head turn was seen, 2 cases in which a partial body turn occurred and 

85 times the subjects turned their gaze directly to the loudspeaker. Based on the finding that 

the orientation to the loudspeaker was the most common behavioural response to be observed, 

we decided to analyse this behaviour (i.e. latency to orient) with regard to our questions. 

 

4.4.2. Male and female domestic cats 

We revealed a significant interaction of the two factors affect intensity of the sender and sex 

of the receiver (repeated measure ANOVA: F = 7.58, p = 0.02). To further analyse the source 

of this interaction, we decided to analyse the two factors separately. We found a significant 

sex difference in the latency to orientate to High calls (T = 2.37, p = 0.03, r
2
 = 0.27; Fig. 4.4.), 

with females (N = 8; meanf = 0.73 s, confidence interval (CI) = 0.10) responding significantly 

faster than males (N = 9; meanm = 0.88 s, CI = 0.08). We found no sex difference in the 

responsiveness to Low calls (T = 0.64, p = 0.53; meanf = 0.82 s, CI = 0.10; meanm = 0.87 s, 

CI = 0.09; Fig. 4.4.). Additionally, we found a significant effect of the affect intensity on the 

responsiveness of females (T = -3.90, p = 0.01, r
2
 = 0.69; Fig. 4.4.), with all females 

responding faster to High compared to Low calls (meanhigh = 0.73 s, meanlow = 0.82 s). We 

did not find any significant effect of the affect intensity on the responsiveness of males 

(T = 0.54, p = 0.61, meanhigh = 0.88 s, meanlow = 0.87 s). 
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Figure 4.4. Responsiveness of female and male cats according to affect intensity  

Differences in latencies to orientate to the loudspeaker according to affect intensity (Low vs. 

High affect intensity kitten isolation calls) for female (N = 8) and male (N = 9) cats. The 

individual cats are depicted as individual symbols with a connecting line; experienced females 

(N = 4): squares; naïve females and males: solid circles. 

 

4.4.3. Experienced and naïve cats 

The interaction of affect intensity and sex was still significant when controlling for experience 

as covariate (F = 7.86, p = 0.014); with experience having no significant effect (F = 2.20, 

p = 0.160) on the latency to respond and also showing no interaction with affect intensity 

(F = 0.97, p = 0.34). Thus, we can conclude that prior experience in raising kittens did not 

have a significantly influence on the responses of the 4 experienced female cats. 

 

4.4.4. Potentially confounding effects 

We found a significant habituation effect with a decline in responsiveness to the 14 playback 

presentations (F = 28.02, p = 0.000). The repeated measure ANOVA revealed no influence 

due to sex of the receiver (F = 2.39, p = 0.143), nor an interaction of sex and order of 
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presentation (F = 0.28, p = 0.605). This confounding factor was answered to by calculating 

the mean latency for each individual (cf. 4.3.). 

We found no influence of the callers identity on the latency to respond (repeated 

measure ANOVA: identity: F = 0.17, p = 0.690, identity*sex: F = 3.73, p = 0.07, 

identity*affect: F = 1.93, p = 0.19, identity*affect*sex: F = 0.26, p = 0.62). 

 

4.5. Discussion  

We confirmed our hypothesis for a sex difference in responsiveness to High affect intensity 

kitten isolation calls. We found no sex difference in responsiveness to Low affect intensity 

calls. Thus, both sexes responded similarly to Low calls, and females, not males, showed 

enhanced responsiveness to High calls. This finding is in accordance with our hypothesis that 

the affect intensity conveyed was of behavioural importance for female cats only. The female 

responses were most likely not influenced by previous experience in raising kittens, as no 

significant effect of experience was found. 

 

4.5.1. Sex difference 

We found that male and female cats responded similarly to Low calls but showed sex 

differences in responsiveness to High calls. This partial sex difference (i.e. to High calls) was 

not based on differences in speed of habituation to the presented calls. The finding that adults 

of both sexes respond generally strong to infant cries, has been reported so far only for 

species with biparental care (mice: Ehret, 2005; humans: e.g. Wood and Gustafson, 2001). In 

this study, we provided first evidence that also in a species without paternal care, males and 

females respond similarly strong to calls of Low affect intensity. This finding is in accordance 

with the general assumption that infant cries evolved in mutual adaptation of acoustic 

properties and the sound perception system of a given species (Ehret, 2005), and thus are 

generally of auditory salience for adults of both sexes. As we did not assess any control 

sounds, we cannot rule out the possibility that cats might show this level of responsiveness to 

any acoustic stimulus. However, neurological studies revealed that kitten isolation calls 

induce higher neuronal responses than many other acoustic stimuli (Aitkin et al., 1994; Gehr 

et al., 2000). To confirm these results on the behavioural level, further studies should compare 
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the response strength towards kitten isolation calls to those towards other cat vocalizations, as 

well as to biological and non-biological control sounds.  

In accordance with our hypothesis, we found that females responded faster than males 

to kitten calls of High affect intensity. Similar to our results, sex differences in humans 

suggest that women are innately more competent in evaluating infant vocalisations and show 

higher responsiveness, due to a higher care-giving tendency (Seifritz et al., 2003; Sander et 

al., 2007). We can summarise that sex differences in response to kitten isolation calls emerged 

due to the fact that female, and not male, cats adjust their responsiveness to the prosodic 

changes from Low to High calls. That male cats did not show increased responsiveness to 

High calls is most likely related to the fact that the underlying changes in the voice of kittens 

are without biological relevance to the males, which are not involved in raising the offspring. 

This lack of biological significance might have posed different selective pressure on 

male and female cats, resulting in different auditory processing of the kitten calls. As the 

infant cry in humans has been reported to reliably induce strong neuronal responses of the 

amygdala (i.e. part of the limbic system, an evolutionary old part of the brain, Seifritz et al., 

2003; Sander et al., 2007) and as this structure has been proposed to be important in a general 

mammalian infant cry perception system (Newman, 2007), it is likely that also sex differences 

in the domestic cat may originate from a subcortical level. In both humans and non-human 

animals results indicate that, compared to males, females are more sensitive to auditory 

changes and/ or respond faster and more intensely to specific components of the auditory 

space (e.g. humans: Schirmer et al., 2005; Krizman et al., 2012; birds: Gall et al., 2011; and 

hamsters: Floody and Lisk, 1987). These sex differences might be influenced by the higher 

sensitivity of peripheral hearing reported for females, compared to males (for review see 

McFadden, 2009). For example, mean behavioural hearing thresholds at specific frequencies 

have been reported to be about 6-9 dB lower in women, compared to men (Dreisbach et al., 

2007). Similar analysis of potential sex differences in the (peripheral and/ or neuronal) 

auditory processing of the domestic cat are still lacking. Thus, an important first step towards 

unravelling the influences of kitten calls on maternal behaviour is the analysis of sex 

differences in the auditory perception in the domestic cat.  
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4.5.2. Affect intensity 

Based on our results, we propose that females, and not males, are selected for responding to 

differences in the voice of kittens related to affect intensity, to adjust their responsiveness in 

the presence of conflicting stimuli and motivations, as for example nursing and protecting 

other kittens (or drinking, as in our study). In accordance with this assumption, Fleming and 

Corter (1988) suggested in their review on humans and other mammals that the motivating 

properties of infant crying include the inhibition of incompatible responses and the facilitation 

of maternal behaviours, particularly in terms of producing increased affect intensity and 

evoking proximity-promoting behaviours. Similar to our results, Zeskind and colleagues 

(1985) revealed that adult non-parents are able to perceive differences in affect intensity (i.e. 

ratings of arousal, urgency and aversiveness) from infant pain and hunger cries, with women 

being more attentive to changes in affect intensity in infant cries compared to men (Zeskind et 

al., 1985). Higher emotional sensitivity of women compared to men is not restricted to infant 

vocalisations. Schirmer and colleagues (2005) revealed in a mismatch negativity paradigm 

that women, and not men, showed distinct responses to affect intensity in emotional speech of 

an adult speaker. The authors discussed that the ability of women to preattentively process 

affect intensity may have evolved due to the selective pressure for an increased sensitivity to 

emotional cues in the mother-infant context, as women are the primary care-givers of their 

offspring (Schirmer et al., 2005).  

 Our results are the first showing that adult female cats are able to respond to the 

prosodic differences in kitten isolation calls of the same senders, recorded in behaviourally 

defined conditions of Low and High affect intensity. Future studies are necessary to reveal 

whether the ability of female cats to adjust responsiveness to affect intensity is a general 

ability applicable to all conspecific vocalisations or is instead restricted to responses to infant 

calls.  

 

4.5.3. Experience 

We found no significant difference in the latencies to orientate to the loudspeaker of naïve and 

experienced cats. Our results have to be considered with some caution, due to the small 

sample size of experienced cats (i.e. 4 females) and given the fact that the mean latencies 

were shorter for experienced (meanexp = 0.71) than for naïve (meannaive = 0.84) females. By 
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comparing the individual results (Fig. 4.4.) we were able to show that the difference in mean 

values was not due to a general trend for experienced females to respond faster, as latencies of 

naïve and experienced females were intermixed. Additionally, naïve females showed similar 

differences in responsiveness to Low versus High calls as experienced females (Fig. 4.4.). 

These results suggest that, similar to findings in non-parent women (Zeskind et al., 1985), the 

adaptive responsiveness to affect intensity in the voice of infants is innate in the female 

domestic cat and has not to be triggered by experience.  

It has to be taken into account that the experience assessed here is only regarding 

whether females had already raised kittens not whether they were familiar with the individual 

subjects. The lack of a significant effect due to prior experience with or the identity of the 

caller, was most probably due to the fact that we took care that the cats were familiar only 

(if at all) to a minor set of the senders presented. As kitten calls contain individual signatures 

(Scheumann et al., 2012), we assume that female cats may be able to learn to identify calls 

from their own kittens, similar to what has been reported for several other mammalian species 

(e.g. Symmes and Biben, 1985; Illmann et al., 2002; Bohn et al., 2007). We thus propose that 

a natural familiarisation with their own kittens will enable individual recognition and 

enhances the general motivation to respond to the kitten calls and improve the differentiation 

between Low and High calls of the females. This enhanced responsiveness to the own kitten 

calls is likely to be additionally enhanced by changes in the hormonal state of lactating 

mothers (Farrell and Alberts, 2002). Future studies shall reveal whether mother cats are able 

to learn the individual signatures of their own kittens, and whether these specific experiences 

(a) might lead to a sex difference in the responsiveness to Low as well as High calls and (b) 

might enhance the differentiation of affect intensity in kitten isolation calls, leading to a 

difference between mothers and naïve females. 

 

4.5.4. Experimental procedure 

One limitation of our study might be the restriction to one behavioural indicator of response 

strength (i.e. latency to orient to the loudspeaker). This behaviour was chosen, as it is a 

prerequisite for further care-giving behaviours and as it was the most common behaviour 

observed in our study. Less frequent behaviours were stop drinking (without turning 

behaviours), partial head turn and partial body turn (both without gaze directed to the 
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loudspeaker). Other behaviours, such as marking behaviours and vocalizing, were only rarely 

observed and were individually distinct, with some individuals (males and female) performing 

the behaviour frequently (but independent from playback presentations) and others never 

showing the behaviour at all. 

Additionally, we assessed behavioural responses of male and female cats to playback 

samples of kitten calls in an experimental cage. With female subjects being not lactating and 

hearing calls from kittens they were not carrying for. These restrictions were made to 

guarantee best possible comparability between experimental sessions and subjects. The 

playback setup permitted sound presentation in standardized conditions, especially with the 

same distance to the loudspeaker and in a comparable motivational state of the animal (i.e. 

during drinking). The reason for using non-lactating females and foreign kittens was to reduce 

the difference between male and female cats to assess a more general sex difference in 

responsiveness to kitten calls, which is not based on experience with individual kittens. We 

assume that a different experimental design (e.g. lactating females; own kittens) would have 

enhanced our findings with enlarging both sex differences (e.g. due to hormonal changes in 

females) and the effect of affect intensity (e.g. due to known individual signatures, see above). 

Thus, our results revealed that even under most comparable conditions differences in 

responsiveness occur, both between the sexes (for High calls) and according to affect intensity 

of the senders (for female cats). 

 

4.5.5. Conclusions  

We assessed for the first time in how far male and female adult domestic cats are able to 

adjust their responsiveness to kitten isolation calls depending on the affect intensity of the 

sender. We revealed sex differences in the latency to orientate to the sound source for High 

affect intensity calls, with females responding faster than males. We found no sex difference 

in the response to Low affect intensity calls. These results were based on the fact that females, 

and not males, were able to adjust their responsiveness to affect intensity in the voice of 

kittens. The behavioural responses were not significantly influenced by previous experience 

with kittens. Thus, we revealed for the first time in a species without paternal care that 

females, and not males, are selected for the ability to adjust responsiveness according to affect 

intensity in the voice of infant communication calls. Follow-up studies shall address in how 
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far our outcomes will be reinforced by assessing responses of current mothers to their own 

kittens‟ isolation calls. Future research shall address potential sex differences in the peripheral 

and neuronal auditory system of the domestic cat to reveal underlying mechanisms and 

selective forces leading to an enhanced female sensitivity towards affect intensity in the voice 

of kittens. 
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Supplementary 4.1. Acoustic properties of High and Low affect intensity playback stimuli  

Given are the group medians (X) and 95% confidence intervals (CI) for High (N = 7) and 

Low calls (N = 7) separately and the p-values of the two-tailed, exact Wilcoxon tests for 15 

temporal and spectral parameters. Significant results are indicated in bold. 

 

Acoustic parameters Low (X+95%CI) High (X+95%CI) p-value 

Duration [ms] 550 + 57 695 + 83 0.375 

Timetomax [ms] 259 + 104 317 + 75 1.000 

F0slope [Hz/s] 656 + 661 2576 + 786 0.031 

F0start [Hz] 1550 + 117 680 + 263 0.016 

F0centre [Hz] 1720 + 214 1550 + 207 0.375 

F0max [Hz] 1550 + 369 1370 + 179 1.000 

F0end [Hz] 1370 + 160 1200 + 360 0.844 

PFstart [Hz] 1550 + 1556 1370 + 1672 0.219 

PFcentre [Hz] 1720 + 214 2410 + 1024 0.156 

PFmax [Hz] 1720 + 460 2410 + 1087 0.375 

PFend [Hz] 1370 + 160 1550 + 1471 0.219 

RelAmpl F0start -9 + 4 -30 + 5 0.016 

RelAmpl F0centre -5 + 4 -10 + 7 0.219 

RelAmpl F0max 0 + 16 -10 + 9 0.688 

RelAmpl F0end -10 + 4 -24 + 4 0.109 
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5. Chapter V: Auditory laterality 

 

Auditory laterality in the domestic cat? No head orienting bias in response to kitten 

isolation calls  

 

 

5.1. Abstract 

An important characteristic of human speech is laterality, the asymmetric hemispheric 

dominance for speech related brain functions. In most humans, speech perception is 

lateralised to the left hemisphere, with a higher probability in right- than left-handers. This 

previously thought uniquely human characteristic, has been found to have pre-human origins. 

Several vertebrate species perceive species-specific vocalizations in an asymmetric way; 

commonly revealed via the orienting paradigm, which assumes that the ear oriented towards a 

sound source indicates a dominance of the contralateral hemisphere in sound processing. We 

analysed for the first time potential auditory laterality in the domestic cat, a common model in 

hearing research. Adapting the orienting paradigm to the domestic cat, we assessed in how far 

cats show asymmetries in head turning responses to playback presentations of two categories 

of kitten isolation calls, conveying either low or high affect intensity. Domestic cats did not 

show individual orienting asymmetry to kitten calls. These results were neither influenced by 

sex of the receiver, nor affect intensity conveyed by the calls. We also assessed whether pinna 

orientation had an influence on the head turning response, which was not the case. The 

individual orienting biases were not correlated with individual paw preferences. Contrary to 

our expectations, we revealed more left turning than right turning subjects, when analysing 

only the first presentation for each affect intensity category. This group level bias was 

significant in response to high affect intensity calls. The findings were discussed in light of a 

potential influence of habituation to the repeated sound presentations and/ or influences due to 

affect intensity as well as with regard to the general criticism on the orienting paradigm. 
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5.2. Introduction 

A characteristic feature of human speech processing is laterality, which is the dominance of 

one hemisphere in processing specific functions (Taglialatela and William, 2007). Speech 

perception is commonly lateralised to the left hemisphere, with about 95% of right-handers 

and about 78% of left-handers and ambidextrous subjects showing a left hemispheric 

dominance (Szaflarski et al., 2002). Thus, speech laterality slightly correlates with 

handedness, suggesting that prerequisites (e.g. sequential analyses) located in the same 

hemisphere might be important for the processing of both auditory and manual functions 

(Papadatou-Pastou, 2011). 

Speech laterality has been described via anatomical measures, functional imaging 

techniques (e.g. fMRI, PET), electroencephalography (EEG) or via the so called dichotic 

listening tests. The dichotic listening test assesses ear advantages in understanding speech. 

Therefore, pairs of distinct speech samples are presented simultaneously to the two ears via 

head phones (e.g. Bryden, 1970). The fact that subjects predominantly report speech sounds 

delivered to the right ear is an indicator for a left hemispheric dominance, due to an advantage 

of contralateral over ipsilateral projections of the auditory pathways (e.g. via an inhibition of 

the ipsilateral pathway, Brancucci et al., 2004). Sex differences in speech laterality have been 

reported, with men showing slightly stronger asymmetries than women (e.g. meta-analysis on 

dichotic listening, Voyer, 2011), but the results are discussed controversially (Wallentin, 

2009). Additionally, speech laterality is modulated based on the acoustic and perceptual 

characteristics of the sound. For example focussing the attention on emotional (i.e. prosodic) 

information of speech leads to a rightward shift in hemispheric dominance (e.g. Ley and 

Bryden, 1982). 

 Species-specific communication calls of non-human animals share several features 

with human speech. For example, similar prosodic changes occur according to affective states 

(or emotions) in different mammalian species, including humans (e.g. Zimmermann, 2010; 

Schehka and Zimmermann, 2012; Zimmermann et al., 2013). Also asymmetric hemispheric 

processing of conspecific calls has been shown in a variety of different vertebrate species (for 

review see Taglialatela and William, 2007; Ocklenburg et al., 2011). The hemispheric 

asymmetry in processing conspecific calls is modulated by similar features as speech 

laterality in humans, such as specific acoustic properties of the calls (e.g. Hauser et al., 1998; 
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Ghazanfar et al., 2001; Siniscalchi et al., 2012), the sex of the receiver (e.g. Scheumann and 

Zimmermann, 2008; Leliveld et al., 2010) and the conveyed affective states (i.e. affect 

intensity, or arousal; e.g. Siniscalchi et al., 2008; Basile et al., 2009a). Although several 

results suggest a left hemispheric dominance in processing conspecific calls, indicating a pre-

human origin of speech lateralization, the evidence is still scarce, especially for non-primate 

species (for review see Ocklenburg et al., 2011). A still lower number of studies addressed the 

question of a potential link between auditory and manual lateralization in non-human species 

(Scheumann and Zimmermann, 2008; Siniscalchi et al., 2008). Such a link, if existent, would 

indicate that similar underlying mechanisms, lateralized to the same hemisphere, shaped the 

evolution of auditory and manual laterality in vertebrates, which lead to the still existing 

(although weak) link between speech laterality and handedness in humans.  

In non-human mammals usually behavioural indicators are used to study auditory 

laterality (for review see Ocklenburg et al., 2011). Some are similar to the dichotic listening 

tests in humans and assess an ear advantage in performing conditioned discrimination tasks 

(Taglialatela and William, 2007). Other studies use the so called orienting (or head-turn) 

paradigm, originally introduced to assess auditory laterality in preverbal children (e.g. Young 

and Gagnon, 1990). This paradigm was first adapted to non-human primates by Hauser and 

Anderson (1994). During the experiments, the direction of head turn responses towards a 

loudspeaker 180° behind a subject is assessed. This unconditioned (i.e. spontaneous) response 

to orientate one ear in direction to the sound source is suggested to indicate the dominance of 

the contralateral hemisphere in processing the auditory stimulus (e.g. Scheumann and 

Zimmermann, 2008; Leliveld et al., 2010). Thereby, usually one of two approaches is taken: 

either one head turning response is scored per individual, using a large number of individuals 

to assess head turning biases at the group level (e.g. Hauser and Andersson, 1994; Teufel et 

al., 2007; Reinholz-Trojan et al., 2012), or repeated sound presentations are used to analyse 

individual head turning scores for a reduced sample of animals, from which group-level 

biases can be assessed (e.g. 3 repetitions: Leliveld et al., 2010; 4 repetitions: Lemasson et al., 

2010; or 7 repetitions: Siniscalchi et al., 2008). To the best of our knowledge, no study has 

already presented statistical evidence (e.g. binomial test) for individual head turning biases, 

providing support for auditory laterality in a given subject. 
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By adapting the orienting paradigm, we are the first to explore auditory laterality in the 

domestic cat. The domestic cat is a common model in hearing research and although many 

features of its auditory system, such as hearing sensitivity (e.g. Heffner and Heffner, 1985), 

neuronal sound representations (e.g. Eggermont, 1998) and plasticity (e.g. Kral et al., 2005) 

are well described, the auditory laterality in the domestic cat has not been assessed so far. 

Within the order of carnivora, two species (dogs: Siniscalchi et al., 2008; Reinholz-Trojan et 

al., 2012; Siniscalchi et al., 2012; and sea lions: Böye et al., 2005) have already been found to 

perceive species-specific vocalizations in a lateralized way (Ocklenburg et al., 2011). Using 

the head-turn paradigm, the studies revealed a left hemispheric lateralization in the perception 

of species-specific calls, similar to what has been revealed for a variety of primate species (for 

review see Ocklenburg et al., 2011; but see e.g. Reinholz-Trojan et al., 2012). Results in dogs 

revealed different influencing factors, similar to those reported in humans and non-human 

primates, such as affect intensity (Siniscalchi et al., 2008), acoustic properties (Siniscalchi et 

al., 2012) and biological meaning (Reinholz-Trojan et al., 2012) of the stimuli. The typical 

leftward lateralization of conspecific calls was revealed for natural, but not reversed calls 

(Siniscalchi et al., 2012). Increased affect intensity (e.g. in response to thunder storm) leads to 

reduced right ear-left hemisphere dominance (Siniscalchi et al., 2008). Concordantly, 

Reinholz-Trojan and colleagues (2012) revealed rightward turning biases at the group-level to 

dog (species-specific) and cat (hetero-specific) calls, which they interpreted as being based on 

the high emotional impact of the sounds, inducing high affect intensity in the receiver. Only 

one study addressed anatomical asymmetries in the cat brain that might be related to 

lateralized auditory functions (Tan, 1992). This study indicates an additional influencing 

factor: the sex of the receiver. Tan (Tan, 1992) analysed the sylvian fissure length in left and 

right hemisphere and revealed a slight leftward asymmetry (i.e. relative longer sylvian fissure 

at the left hemisphere) for female cats and a slight rightward asymmetry in males (Tan, 1992). 

Similar anatomical differences have been described in different primate species (for review 

see Taglialatela and William, 2007), but whether the structural asymmetries are related to 

laterality in auditory perception has not been confirmed so far (Taglialatela and William, 

2007).  

Besides of assessing whether the domestic cat shows the typical carnivore pattern of 

leftward lateralized hemispheric dominance for processing species-specific calls, we were 
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especially interested in enlarging the knowledge on the influences of acoustically conveyed 

affect intensity on auditory laterality in mammals. Previous studies on the influences of affect 

intensity (e.g. Siniscalchi et al., 2008; Reinholz-Trojan et al., 2012) were assessing lateralized 

responses to different call-types or comparing calls with non-biological sounds. This makes 

interpretations more difficult, as other differences between the sounds might additionally 

influence the outcome of the orienting paradigm. Thus, we decided to use one species-specific 

call type recorded in behaviourally induced low or high affect intensity conditions, to assess 

auditory laterality on the behavioural level in the domestic cat.  

We chose the kitten isolation call, as previous studies revealed that the acoustic 

properties of the calls are distinct with the affective state of the sender (Scheumann et al., 

2012) and that these acoustic differences lead to sex-specific differences in responsiveness 

(Konerding et al., 2012a). The playback study revealed that the acoustically conveyed affect 

intensity influenced responsiveness in female (with high affect intensity leading to shorter 

latency to respond), but not male cats (Konerding et al., 2012a). We expected an overall right 

turning bias, indicating left hemispheric dominance, to the kitten calls. Based on described 

sex differences in the anatomical asymmetries of the cat brain (Tan, 1992), we proposed a 

stronger right ear-left hemisphere asymmetry in females, compared to males. Besides, we 

assumed, similar to the findings in dogs (Siniscalchi et al., 2008), a reduced asymmetry with 

increased affect intensity in females, but not males. 

Additionally, we were interested in how far potential orientation asymmetries at the 

individual-level might be correlated with paw preference scores assessed in a forced food 

grasping task (cf. Konerding et al., 2012b). Thus, we used repeated sound presentations for 

every call category to gain individual orienting biases (i.e. laterality indices) for each of our 

subjects.  

 

5.3. Methods 

5.3.1. Subjects 

The experiments were performed with 15 adult cats (8 males, 7 females) aged 1 to 8 years 

(meanm = 2.6, meanf = 3.3). All subjects were intact (i.e. not neutered or castrated) and all 

originated from and were kept at the Central Animal Facility of the Hannover Medical School 

(Specific Pathogen-Free breeding colony). The animal husbandry fulfilled all 
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recommendations for domestic cats as required by the guidelines of the European Union (ETS 

123, Directive 2010/63/EU) and was approved by the local veterinary authority 

(No. 42500/1H). The cats lived in same-sex groups of 2 to 5 individuals in animal rooms of 

adequate size (12.5 m
2
 to 20.6 m

2
, height: 2.6 m). The rooms were enriched with several 

wooden boxes, tables and shelves for resting and hiding, plastic items for playing with and 

bars for scratching. The light-dark cycle was 12:12 (light on at 06:00), the temperature was 

set at about 22°C and relative humidity was held at approximately 55%. As an additional heat 

source, each room was equipped with an infrared lamp. The cats were fed daily with tinned 

(Whiskas® tins, Mars GmbH, Verden, Germany) and dry cat food (SDS Pet Food, Special 

Diets Services, Witham, Essex, UK) and were provided with water ad libitum. The diet was 

supplemented weekly with freshly killed rats. The animals had social contact with their 

caretaker at least once a day, permanent direct contact to cats in the same room and additional 

(mainly acoustic/ olfactory) contact to other cats of the colony and the caretaker.  

 

5.3.2. Preparation of playback stimuli 

The playback stimuli originated from a previous study on the acoustic communication of the 

domestic cat (Konerding et al., 2012a). They were recorded from kittens aged 9 to 11 days 

during separation conditions, varying only with regard to the amount of handling, either 

without (low affect intensity) or with (high affect intensity) handling by a human observer 

(for recording details see Scheumann et al., 2012; Konerding et al., 2012a). From the derived 

sound-archive, we did not use any two calls of a given sender, but carefully selected 

representative calls of low and high affect intensity, based on acoustic differences between the 

two call categories (for details see Konerding et al., 2012a). Fourteen calls from 7 senders 

served as playback stimuli: one call of low and one of high affect intensity of the same sender 

(Fig. 5.1.). The selected playback stimuli were found to be significantly distinct according to 

affect intensity (Fisher Omnibus test (Haccou and Melis, 1994): χ
2
 = 47.763, df = 30, 

p = 0.021).  

The stimuli were played back at a standardised sound pressure level (SPL) of 

70 ± 2 dB at a distance of 1.8 m from the loudspeaker (quadral Argentum 02.1, quadral 

GmbH & Co. KG; RMS fast measurement: Brüel and Kjær 2610, highpass filter: 22.4 Hz), to 

match the loudness of natural kitten vocalisations (Romand and Ehret, 1984) (cf. 5.3.3.). 
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Figure 5.1. Representative Low and High affect intensity kitten isolation calls of the same 

sender 

Depicted are oscillograms and spectrograms of each call. 

 

5.3.3. Playback experiments and experimental set-up 

The playback experiments were performed in the same setting and similar in performance as 

described in a previous study (Konerding et al., 2012a). In short, the experiments were 

performed in an experimental cage (wire dog crate, 54 x 78 x 62 cm
3
), situated in the centre of 

the testing room, placed on a carpet and surrounded by sound attenuating foam, attached to 4 

movable walls. This arrangement reduced echoes and guaranteed that sounds were perceived 

from the defined direction. At one short side, the experimental cage was equipped with a 

drinking bottle containing a milk/water solution. At the opposite side the loudspeaker was 

placed behind an opening in the foam of one movable wall. Thus, a subject heard the stimuli 

at a defined orientation (180° behind) and distance (1.8 m) while in licking distance. Before 

the actual experiments started, each animal was habituated to the experimental set-up.  

As previous studies emphasized that habituation to the playback presentations should 

be avoided (e.g. Siniscalchi et al., 2008; Reinholz-Trojan et al., 2012), we carefully chose the 

presentation scheme to reduce habituation risk. Thus, each cat was tested individually 2 to 4 

times a week, with no more than 4 stimuli being played during each experiment and an 

experiment being stopped at the latest after 20 minutes. The stimuli were played back in 

pseudo-randomised order when the subject was in licking distance to the drinking bottle, with 

its body being aligned closely to the bottle-loudspeaker axis and its head held approximately 

straight. Usually only one stimulus was played during each experiment (61% of the 
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presentations analysed), when more stimuli were played, subsequent presentations were 

played at intervals of at least 1 minute, to assure independent behavioural responses and to 

reduce the risk of habituation. The experiments of one subject were completed when 25 

stimulus presentations of each category (i.e. low and high affect intensity) had been scored in 

the video analysis. 

 

5.3.4. Video analysis 

The video analyses were performed blind to the respective playback stimulus (i.e. without 

acoustic information). Thus, all experiments were scanned for playback presentations 

indicated by the lightening of the diode. We analysed only those presentations where a subject 

was in drinking distance to the bottle at the first flashing of the diode. We assessed, via frame-

by-frame analysis, with Interact 32 software (Version 8, Mangold, Arnstorf, Germany) head 

orientation towards the loudspeaker as a behavioural measure of auditory laterality. We 

indicated for all 50 stimulus presentation the head orientations within 5 seconds from stimulus 

onset, similar to what has been reported frequently in the literature (e.g. Siniscalchi et al., 

2008; Basile et al., 2009a; Siniscalchi et al., 2012). Thereby, we scored the first direction in 

which a subject turned its head after it retreated from the bottle. As a control for pinnae 

positions, the ear position prior to listening to the calls was assessed: we scored whether left 

or right pinna was directed more closely to the loudspeaker at the first flashing of the diode 

(i.e. defined as prior to listening). This was visually assessed, based on detectable deflections 

from a parallel ear position, with the cage bars being used as references lines.  

To test for inter-observer reliability, 25% of the playback presentations (i.e. complete 

data of 2 males and 2 females) were reanalysed by a second observer. The comparison of the 

scores for the derived laterality indices (cf. 5.3.5.) of the two observers correlated 

significantly, indicating a high inter-observer reliability (two-tailed Pearson correlation: head 

orientation: p = 0.02, r = 0.98, y = 0.02 + 0.83x; ear position: p = 0.00, r = 0.10, y = -0.01 + 

1.00x). 

 



51 

 

 

5.3.5. Statistical analysis 

We calculated for each individual separately, the laterality indices (LI) for the head 

orientation response from the numbers of left (L) and right (R) head turns: LI = (R-L) / (R+L). 

The LI ranges from -1, for exclusive left bias, to +1, for exclusive right bias, with 0 indicating 

equal distribution of both left and right turns. LIs were assessed for the two affect intensities 

and the two sexes, separately. As the LIs were normally distributed (exact, two-tailed 

Kolmogorov-Smirnov test: Z ≤ 1.003, p ≥ 0.209), we performed parametric tests. A global 

test of between (sex) and within (affect intensity) subject factors was performed via a repeated 

measurement ANOVA. Based on these results we decided whether to analyse the different 

factors combined or separately.  

For each subject, we assessed, via an exact binomial test, whether the left-right biases 

described were significantly different from chance level (p = 0.5). Accordingly, we defined 

individuals with a significant bias as left (negative LI) or right (positive LI) lateralized. 

Individuals without a significant bias were defined as non-lateralized. Additionally, we 

assessed asymmetries at the group-level. Therefore, we performed a two-tailed, one-sample t-

test, to assess differences between the LI distribution from zero. As several studies assessed 

group-level asymmetries based on only one presentation (per sound category) per subject (e.g. 

Hauser and Andersson, 1994; Reinholz-Trojan et al., 2012), we decided to additionally use 

this approach for comparable reasons, keeping in mind that our number of subjects was quite 

low. A potential difference from chance level was analysed via a binomial test (see above). 

As the cat has highly movable pinnae (Populin and Yin, 1998), which is not the case 

for most primates or dogs, we introduced a control measure for potential asymmetries prior to 

listening to the playback calls, assessing which ear was turned closer to the loudspeaker. This 

is important, as slight differences in the perceived loudness between left and right ear might 

bias the orienting response to one side, leading to overall orienting biases which could be 

mistaken as indicator of auditory laterality. Thus, LIs were also calculated for the ear position 

and were introduced as fixed factor in a one-way ANOVA, to assess potential confounding 

effects of the pinna orientation on the later head turning response. 

 All statistical analyses were performed via SPSS software (PASW Statistics 20.0) 

with the level of significance set at 5%. Whenever available, we performed exact versions of 

the test statistics. 
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5.3.6. Paw preference 

For 10 (7 males, 3 females) of our 15 subjects, we knew the individual paw preferences that 

had been assessed via a forced food grasping task during experiments previously published 

(Konerding et al., 2012b). In short, the subjects had to retrieve food items from an opaque box 

with a small opening, attached to a metal grid door 20 cm above the ground. Based on 

independent grasps the handedness indices (HI; calculated like the LI) were derived: 10 

subjects 5 (3, 2) were significantly left pawed, 2 (1, 1) were significantly right pawed and 3 

males were non-lateralized. 

 As the HIs were normally distributed (Kolmogorov-Smirnov-test: Z = 0.515, 

p = 0.916), we assessed, via a two-tailed Pearson correlation, whether the HIs correlated with 

the LIs of the head orientation response.  

 

5.4. Results 

5.4.1. Head orientation 

Global testing (repeated measure ANOVA) did not reveal any significant effect of either sex 

(F = 0.956, p = 0.346), affect intensity (F = 0.593, p = 0.455) or an interaction thereof 

(affect*sex: F = 0.123, p = 0.731). Thus, we assessed combined LIs for low and high affect 

intensity calls and analysed both sexes together. Of the 15 subjects one male was found to be 

lateralized to the right (binomial test: p = 0.031), the other 14 were non-lateralized (binomial 

test: p > 0.05; cf. Fig. 5.2.). Concordantly, we found no significant group-level biases of the 

LIs (t-test: T = 1.089, p = 0.295). 

 Analysing only the very first presentation of the two call categories for each subject 

revealed a significant left-turning bias at the group-level for high affect intensity calls 

(binomial test: p = 0.039), with 10 subjects turning to the right and 2 to the left. In response to 

low affect intensity calls, the difference between subjects responding with a left turn (N = 7) 

or with a right turn (N = 3) to was not significant (p = 0.180). 
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Figure 5.2. Individual head orienting responses 

Depicted are the laterality indices (LI) of 8 male and 7 female domestic cats; with -1 

indicating total left head turns, +1 indicating total right head turns and 0 indicates equal 

distribution of left and right turns. * p = 0.031. 

 

5.4.2. Potentially confounding factors 

The ear position prior to listening did not significantly influence the head orientation response 

to kitten calls (one-way ANOVA, ear as covariate: F = 0.005, p = 0.947). Additionally, we 

found no significant correlations of the HIs for paw preference with the LIs for head 

orientation (Pearson correlation: r = -0.013, p = 0.972). 
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5.5. Discussion 

We were interested in analysing the auditory laterality on a behavioural level, assessing 

multiple repetitions of two kitten call categories for each subject. Based on this dataset, we 

found no orienting asymmetry on the individual-level (for exception see 5.5.3.) or group-

level. The individual head turning responses were neither influenced by the sex of the 

receiver, nor by the affect intensity conveyed via the calls, nor the individual paw preference 

(tested on a subset of the subjects). Also the ear position prior to listening did not significantly 

influence the head turning direction. These results suggest that the domestic cat shows no 

auditory laterality at the behavioural level in response to kitten isolation calls. Interestingly, a 

different approach in assessing head turning biases, based only on the first presentation of 

each call category, revealed more left than right turning subjects. This bias was significant in 

response to high affect intensity calls, only. These findings indicate a left ear-right 

hemisphere preference in processing species-specific calls, which is contrary to our 

hypothesis. The confounding results are discussed in light of the general criticism on the 

orienting paradigm as well as potential influences about the orienting response due to 

habituation and/ or changes in affect intensity during repeated sound presentations. 

 

5.5.1. Lack of auditory laterality in the domestic cat? 

When considering why we did not find significant individual turning biases, we first have to 

discuss, whether the number of head turning responses observed here were sufficient to reveal 

auditory laterality at the behavioural level in the domestic cat. We obtained a mean number of 

19 head turning responses per subject (min = 11, max = 32, cf. Supplementary 5.1.). The one 

subject that we found to have a significant orienting bias performed 18 valid responses (see 

5.5.3.). As we had no data one the potential strength of individual asymmetries between the 

two hemisphere for sound processing in the domestic cat, we assumed similar left-right biases 

as previously described for paw preference in cats (Konerding et al., 2012b): the mean 

absolute laterality index (i.e. AbsHI, indicating strength of paw preference) was about 0.5. 

This left-right asymmetry becomes first significant with a sample size of 17. Thus, the 

number of head turning responses in our study would have been sufficient to detect a left-

right asymmetry of similar strength as for paw preference in the same individuals. Even if 

assuming that the lack of orienting biases at the individual-level was based on small sample 
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sizes, only, we would not have revealed a group-level biases as reported for several other 

species (for review see Teufel et al., 2010), as similar numbers of individuals showed 

leftward (i.e. negative LI) as well as rightward biases (i.e. positive LI, see Fig. 5.2.). Thus, we 

have to conclude that no overall hemispheric left-right asymmetry becomes apparent from the 

individual head turning responses to repeated kitten call presentations. 

One might argue that the group-level auditory laterality evolved later in mammalian 

evolution and is thus not present in the domestic cat. This speculation cannot be uphold, as 

there is increasing evidence that another carnivore, the domestic dog, shows auditory 

laterality, both at the behavioural and at the neurological level (Siniscalchi et al., 2008; 

Siniscalchi et al., 2012). Another possibility might be the high sociality of the different tested 

animal species, found to be biased for orientation responses, such as dogs (e.g. Siniscalchi et 

al., 2012), horses (Basile et al., 2009a), primates (e.g. Hauser and Andersson, 1994; 

Scheumann and Zimmermann, 2008) and humans (Basile et al., 2009b). The highly social 

system of the different species, might have led to a convergent evolution of strong lateralized 

social functions, due to the complex processing necessary for orientation within a larger group 

of animals (Vallortigara and Rogers, 2005). Still, this assumption seems quite unlikely. First, 

as also the domestic cat, evolving from a mainly solitary ancestor, developed into a species 

living at high densities and exhibiting a variety of social interactions (Crowell-Davis et al., 

2004). Secondly, as also some less social animals such as eagles (Palleroni and Hauser, 2003) 

and wombats (Descovich et al., 2012) have been described to show asymmetries in their head 

orientation towards conspecific calls. Thus, we conclude that it is most likely that also the 

domestic cat possesses hemispheric asymmetries in the perception of species-specific calls. 

One constrain of our study is the use of only one species-specific call type. Thus, the 

lack of orienting biases might be restricted to the selected kitten isolation call. Many studies 

revealed that the acoustic and perceptual properties of a call influence auditory laterality. The 

species typical asymmetries in perceiving acoustic stimuli are critically influences for 

example by the temporal features (Poeppel, 2003) or the biological significance (Petersen et 

al., 1984) of a sound. The kitten isolation calls selected for our study have already been used 

in another playback study and were found to elicit reliable responses in both male and female 

cats (Konerding et al., 2012a). Thereby, it has been shown that also the conveyed affect 

intensity was perceivable and behaviourally relevant (in terms of eliciting changes in 
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responsiveness) to female cats (Konerding et al., 2012a). Thus, the lack of orienting bias 

observed cannot be explained by a lack of behavioural significance of the selected species-

specific call type. The kitten isolation call is a tonal call, which does not contain fast auditory 

transients, which are discussed to be important for the leftward lateralization of speech sounds 

(Poeppel, 2003). As several other species have been found to show head orienting 

asymmetries in response to tonal species-specific calls (e.g. Scheumann and Zimmermann, 

2008; Basile et al., 2009a; Leliveld et al., 2010), we conclude that it is highly unlikely that the 

lack of orienting bias reported here was based on the selection of the kitten isolation call as 

playback stimulus. 

Another concern regarding the significance of our results was related to the ear 

position at the start of the playback presentations. If one pinna was drawn further in the 

direction of the loudspeaker, this could have rendered the head turning response due to left-

right asymmetries in perceived loudness. As we did not find a significant influence of ear 

position biases on head turning responses, we propose that the assumed loudness differences, 

if present, were too small to have an impact on the behaviour of our subjects.  

Taking these considerations together, we assume that the lack of significant result at 

the individual level is not indicative for a lack of auditory laterality in the domestic cat. 

 

5.5.2. Special finding 

Only one out of 15 subjects showed a significant head turning asymmetry, which was to the 

right side, suggesting a left hemispheric dominance in processing kitten calls. This result is in 

line with the assumption of left hemisphere dominance in processing species-specific calls. 

Auditory brainstem response measures showed that the subject did not have asymmetric 

hearing thresholds for the right and left ear based on click evoked potentials (thresholds of left 

and right ear: 15 dB SPL). Although it might be possible, that this adult male was special in 

that it is the only subject in our study showing left hemispheric dominance at the behavioural 

level, further studies are needed to get insights into the underlying factors shaping individual 

head turning biases. 

 

 

 



57 

 

 

5.5.3. Correlation with paw preference 

Using the domestic cat as model species, I was aiming to reveal to what extent head turning 

biases correlate with paw preference scores for grasping. These findings would help to 

understand the existing (although week) link between human handedness and speech 

laterality. Contrary to our expectations, we did not reveal a significant correlation between 

individual orienting biases (LIs) and paw preferences (HIs). Still, we cannot be sure whether 

these results are indicative of a lack of correlation between manual and auditory laterality, as 

the orienting paradigm did not reveal significant individual biases. Thus, future studies, using 

different measures of auditory laterality, are necessary to assess the potential link between 

paw preferences and asymmetries in processing species-specific calls in the domestic cats. 

 

5.5.4. Habituation effect? 

As reported in the introduction, there are two different approaches reported in the literature to 

assess auditory laterality, based on the orienting paradigm. Whereas one approach, assessing 

multiple head turning responses per individual, did not reveal left-right asymmetries in our 

subject, the second approach, assessing only the first response of each subject, revealed a left 

turning bias. This left ear-right hemisphere bias was contrary to our assumption of a left 

hemispheric processing of species-specific calls. The finding, that this left turning bias was 

significant for high-, but not low affect intensity calls, marks the induced affect intensity as 

potential cause for right hemispheric processing. A similar finding has been reported in dogs, 

where acoustic stimuli inducing high affect intensity (indicated by short latencies to respond) 

elicited more left turning responses (Siniscalchi et al., 2008). 

 As this initial left turning bias was not maintained throughout the experiment (i.e. 

individual orienting asymmetries), we assume a habituation effect on the head turning 

behaviours. Siniscalchi and colleagues (2008), assessing multiple responses per subject, 

reported drastic declines in responsiveness of the subjects due to habituation. The authors 

postulated influences on the outcome of the orienting paradigm by habituation processes and 

reduced the dataset accordingly (Siniscalchi et al., 2008). Thus, we carefully chose the 

presentation paradigm, to reduce the risk of habituation. When assessing the number of 

subjects responding to each of the 50 playback presentations, we can show that we were 

successful in that the underlying concern of a decline in responsiveness to zero has not 
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occurred in our experiments (see Fig. 5.3.). Although the number of responding subjects 

sharply declined within the very first presentations, subsequently, the number levelled off at 

about 5 responding subjects, without converging to zero.  

 

Figure 5.3. Number of animals (N = 15) responding with a head turn to each of the 50 

playback presentations 

 

To the best of our knowledge, no empirical study reported a habituation effect on the results 

of the orienting paradigm. Still, conflicting results in domestic dogs might be interpreted in 

this way. Presenting only one call per subject, Reinholz-Trojan and colleagues (2012) 

revealed left turning biases (indicating right hemisphere dominance) towards dog barks. 

Contrary, Sinicalchi and colleagues (2008; 2012), who assess LIs based on repeated (n = 7) 

playback presentations, revealed right turning biases towards dog barks. These results may 

indicate an increased involvement of the left hemisphere (i.e. right ear) during processing of 

repeated presentations of species-specific calls. In humans it has been described that the left 

(i.e. language-dominant) hemisphere maintains responsiveness to repeated presentation of 

speech, whereas the right hemisphere habituates to the speech sounds (Teismann et al., 2004). 

Thus, changes in head turning direction might be based on differences in the strength of 
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habituation within the two hemispheres in response to repeated stimulation with species-

specific calls. One example of changes in orienting biases due to habituation has been 

reported in wombats (Descovich et al., 2012). Thereby, the habituation to the experimental 

setup influenced the turning behaviour of the subjects, resulting in a change from left to right 

turning biases. The authors assumed that the initial left turning biases (i.e. without playback 

presentations) might be related to vigilance behaviour (Descovich et al., 2012). Still, this 

study did not assess differences in orienting biases in the course of the orienting experiments.  

These findings in humans and non-human mammals indicate higher involvement of 

the left hemisphere due to changes in affect intensity and/ or due to habituation processes. 

They fit to our results of an initial left ear-right hemisphere asymmetry which was not shown 

in response to repeated sound presentations. Thus, we propose a stronger involvement of the 

right hemisphere in a state of high affect intensity (i.e. induced by a call) as well as a switch 

to stronger left hemispheric activation during habituation to the sounds.  

Further studies should systematically assess the influence of habituation to repeated 

sound presentations on head turning biases, especially considering in how far these are based 

on induced affect intensity or a decline in neuronal responsiveness. Moreover, we highly 

recommend that further studies using the orienting paradigm should control for potential 

habituation effects due to repeated playback presentations. 

 

5.5.5. General criticism  

Although our study indicates influencing factors on auditory laterality in the domestic cat, the 

main criticism on the orienting paradigm remains: it has not been revealed that the head 

orientation responses observed, indicate neuronal processes related to lateralized perception of 

the perceived auditory stimuli (Teufel et al., 2010). Further, the neuronal origin of the head 

orienting response has not been assessed so far (Teufel et al., 2010). Species-specific 

vocalizations have been described to asymmetrically activate auditory cortex regions both in 

humans (Zatorre et al., 2002) and non-human primates (Poremba et al., 2004). The head 

orienting response in cats may instead have more subcortical origin (cf. Teufel et al., 2010). 

First, mammalian infant cries, such as the kitten isolation call, have been described to activate 

specific subcortical regions, such as auditory thalamic areas and the amygdala (for review see 

Newman, 2007). Second, the initial direction of unconditioned head orienting responses in 
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cats has been found to be unaffected by bilateral ablation of the auditory cortices (Thompson 

and Masterton, 1978). Third, the inferior colliculi of the cat play an important role in reflexive 

orientation to sound in space (e.g. Syka and Straschill, 1970), similar to the behavioural 

responses reported in my study. Further more, it has been postulated that specialized brain 

regions, rather than whole hemispheres, exhibit the lateralization suggested by various 

behavioural measures (Wager et al., 2003). As brain regions might be lateralized 

independently from each other (e.g. amygdala: Wager et al., 2003), the inference from an 

asymmetric motor response to auditory lateralization is probably not as direct as assumed by 

the rationale of the orienting paradigm. These findings complicate the interpretation of the 

head orienting paradigm, which generally assumes a turning response to the contralateral side 

of the dominant hemisphere.  

One study encouraging the view that head turning biases might not be a reliable 

indicator for auditory lateralization, was done in humans (Teufel et al., 2010). Although 

human speech laterality has been confirmed by various studies using different methodologies 

(for review see e.g. Fischer et al., 2009), Fischer and colleagues (2009) did not reveal any 

orientation biases in human adults using the head-orienting paradigm (but see right ear biases 

in school girls, Basile et al., 2009b). Thus, a combined behavioural and neurological study 

performed as a within-subject comparison is necessary to reveal the potential link between 

head turning responses towards the sound source and auditory laterality in the domestic cat 

(cf. Teufel et al., 2007). As we were able to reveal individual laterality indices for our 

subjects, future research using the same individuals in an electrophysiological study may 

reveal the link between head turning behaviours and auditory laterality. These studies can 

further assess if auditory processing is differently lateralized in subcortical and cortical 

regions and in how far auditory laterality is influenced by habituation processes and the 

induced affect intensity. 

 

5.5.6. Conclusion 

We analysed for the first time potential auditory laterality in the domestic cat, a common 

model in hearing research. Adapting the orienting paradigm, we assessed in how far cats show 

asymmetries in the head turning responses to playback presentations of two categories of 

kitten isolation calls, conveying high and low affect intensity. Based on repeated sound 
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presentations, domestic cats did not show an orienting asymmetry to kitten calls at the 

individual- or group-level. These results were neither influenced by sex, nor affect intensity, 

nor the ear position prior to listening. Additionally, individual paw preferences were not 

correlated with head orienting biases. When analysing only the first head turning response of 

each individual towards low and high affect intensity calls, we revealed significant left 

turning biases at the group-level. We discussed the results in light of potential habituation 

and/ or affect intensity effects, as well as the general criticism about the orienting paradigm. 

We highlighted the importance of a comparative, neurological study to verify our results in 

the domestic cat. 
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Supplementary 5.1. Head turning responses to kitten isolation calls  

Depicted are responses of 15 (8 male, 7 female) subjects towards kitten calls (low and high 

affect intensity calls combined). Individual laterality indices (LI), orienting biases based on 

exact binomial test (R = significant right, L = significant left, n = non-significant) and sample 

sizes are indicated. 

 

 Head Turning Response 

 LI Bias n 

F1 0.10 n 20 

F2 -0.37 n 19 

F3 -0.30 n 20 

F4 0.50 n 16 

F5 0.22 n 23 

F6 0.08 n 24 

F7 -0.25 n 16 

M1 0.56 R 18 

M2 0.44 n 18 

M3 0.09 n 11 

M4 0.36 n 25 

M5 -0.20 n 15 

M6 -0.06 n 32 

M7 -0.06 n 17 

M8 0.13 n 16 
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6. Chapter VI: General Discussion 

 

The aim of this doctoral thesis was to analyse manual and auditory laterality in the domestic 

cat with regard to existing hypotheses on the evolution and mechanisms underlying 

handedness and speech laterality in humans.  

Assessing for the first time potential influences of postural demand on manual 

laterality in a non-primate mammal, I revealed that paw preference in domestic cats was not 

influenced by postural demand, contrary to what I expected based on the primate literature. 

Focussing on a characteristic mammalian vocalization, the infant cry, I showed that kitten 

isolation calls are acoustically distinct with regard to the affect intensity (i.e. arousal) of the 

sender. These acoustic differences are similar to prosodic changes described for human and 

non-human mammalian vocalizations. The prosodic cues in the voice of kitten calls lead to 

sex-specific differences in responsiveness in the adult receivers. Thereby, females responded 

stronger to calls conveying high compared to low affect intensity, whereas males responded 

similarly to the two call categories. Analysing head turning responses (i.e. orienting 

paradigm) to repeated sound presentations, I did not reveal auditory laterality at the 

behavioural level. Whereas, assessing only the first playback presentation revealed more left 

than right turning individuals, which was significant for high affect intensity kitten calls, only. 

I propose that these contradictory results might be based on habituation processes and/ or 

induced affect intensity and I discuss my findings in the light of the current criticism about the 

orienting paradigm. Based on the fact that several findings indicate sex differences in the 

domestic cat, I introduced another chapter, discussing potential mechanisms underlying 

differences in manual and auditory functions between male and female cats. 

Taking all results together, I conclude that the domestic cat is a valuable non-primate 

mammalian model species that can help to enhance our knowledge on basic mechanisms and 

principles underlying the evolution of human manual and auditory functions. 

 

6.1. Manual Laterality 

6.1.1. Chapter II: Paw preference 

The right handedness of the majority of humans is the most obvious functional brain 

asymmetry and is exceptional among mammals, in terms of the strength of individual biases 
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and the frequency of right-handers (Cashmore et al., 2008). One explanation (among others) 

for the evolution of this strong population-level manual laterality are the changes that 

occurred during the development of the bipedal stance (for review see Cashmore et al., 2008). 

To confirm the underlying hypotheses (cf. Chapter II), several studies assessed the influences 

of postural demand on manual laterality in non-human primates, revealing differences both in 

strength and direction of hand preference (Cashmore et al., 2008). In this thesis I described 

for the first time the potential influence of postural demand on manual laterality in a non-

primate mammal. Therefore, I assessed paw preference in the domestic cat in a forced food-

grasping task (i.e. food items to be retrieved from a box with a small opening), frequently 

used to analyse manual laterality in non-human mammals. I assessed for the first time, in the 

domestic cat, paw preferences during clinging (i.e. cling level: box attached at 1m height) in 

addition to grasping in a sitting/ standing body posture (i.e. ground level: box at 20 cm 

height). Contrary to my expectations, I found no effect of the body posture during food 

grasping on strength (i.e. Abs-HI) or direction (i.e. HI) of paw preference in the domestic cat. 

These findings were especially meaningful since I confirmed that grasping during supposed 

higher postural demand while vertical clinging was indeed more difficult for the subjects. The 

animals took significantly longer to extract a food item (i.e. speed) and they needed more 

grasps to extract a food item (i.e. effort) from cling level than from ground level. These 

results were the first to reveal a lack of influence of postural demand on manual laterality in a 

non-primate mammal. Similar results had already been found in an ancestral primate model, 

the gray mouse lemur (Microcebus murinus, Scheumann et al., 2011). Thus, I hypothesised 

that in non-primate mammals the left-right asymmetry in paw usage is not influenced by 

postural demand during grasping and that therefore, the sensitivity to this contextual factor 

did evolve early within the primate clade. 

 Following my publication, two other studies were published assessing potential 

influences of postural demand on grasping biases in non-primate mammals (Giljov et al., 

2012b; Joly et al., 2012). One study, on tree-shrews (Tupaia belangeri), confirmed my 

assumption that manual preference in non-human mammals is not influenced by postural 

demand (Joly et al., 2012), whereas the other study, on a marsupial species (red-necked 

wallaby, Macropus rufogriseus, Giljov et al., 2012b), showed similar influences as were 

previously reported for primates (i.e. stronger laterality during reaching from bipedal 
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compared to quadrupedal position). Thus, the impact of postural demand during grasping on 

manual side-preferences is much more complex than suggested based on my results. The 

current hypothesis assumes that whether or not a species is sensitive to postural demand 

depends on the species-typical postural habit, that is whether a species is primarily 

quadrupedal (e.g. cat and tree shrew) or bipedal (e.g. wallaby). It is suggested that in 

quadrupedal species, the species-typical posture may have more influence on laterality than 

the within-subject variability due to changes in postural demand (Giljov et al., 2012a). This 

effect might be based on the differences in likelihood with which individuals of a given 

species use their forelimbs in daily activities. It is suggested that the influence of postural 

demand evolved in large-bodied quadrupedal mammals with the specialization for fine motor 

actions to handle food items (Joly et al., 2012). A similar effect of the ecological niche on 

limb preferences has also been reported in birds. Species which are more likely to hold their 

food with the claws (i.e. feeding on large seeds) have stronger individual biases than those 

usually eating without using a claw (for review see Ströckens et al., 2012). Still more research 

is necessary, analysing the influence of postural demand on manual laterality in non-primate 

mammals, to assess which intrinsic factors might correlate with the sensitivity to this extrinsic 

factor to manual laterality. Only then will it be possible to assess in how far the bipedal stance 

might have driven the evolution of manual laterality in mammals, leading to human 

handedness.  

 

6.2. Auditory Laterality 

6.2.1. Chapter III: Affect Intensity in the voice of kittens 

Human speech and non-linguistic vocalizations share several features with non-human 

mammalian calls (Taylor and Reby, 2010). All vocalizations contain acoustic cues that 

convey characteristics of the speaker, such as the identity (i.e. indexical cues) or the affective 

state (or emotions; i.e. prosodic cues) of the sender (Taylor and Reby, 2010). Similar prosodic 

changes are described in different mammalian species, indicating homologies in the encoding 

of the affective state of the sender (Taylor and Reby, 2010; Zimmermann et al., 2013). In the 

study presented in Chapter III, my colleagues and I were assessing which prosodic cues differ 

based on affect intensity (or arousal) in domestic cats. We chose a characteristic mammalian 

vocalization type, the infant cry, which is similar in acoustic structure and function across a 



70 

 

 

variety of mammalian species (Lingle et al., 2012). The knowledge on the impact of different 

sets of acoustic parameters on individuality and affect intensity in mammalian infants is still 

scarce (for review see Lingle et al., 2012). The kitten isolation calls (i.e. non-human infant 

cry) were recorded in two separation (or isolation) contexts, behaviourally defining low and 

high affect intensities of the sender. Besides of describing the prosodic changes, we assessed 

in how far these prosodic cues were related to acoustic parameters encoding the sender-

identity (i.e. indexical cues). Based on the rationale of the source-filter theory (Taylor and 

Reby, 2010), we assessed 3 time-, 4 source-, 12 filter- and 3 tonality related parameters, as 

well as non-linear phenomena. We revealed that a variety of acoustic parameters differed both 

between individuals as well as between low and high affect intensity calls (from now Low 

and High calls). Still, the parameters that were most important for classification were distinct: 

individual differences were mainly attributed to source- (i.e. F0) and filter-related parameters 

(i.e. peak frequency and formants), whereas differences in affect intensity were mainly 

attributed to call duration (i.e. time-related), percentage of voiced frames (i.e. tonality-related) 

as well as mean and minimum F0 (i.e. source-related). Additionally, we were the first to show 

that kitten calls were also differing in the occurrence of non-linear phenomena with respect to 

affect intensity: High calls contained significantly more subharmonics than Low calls. Based 

on the finding that some parameters (e.g. F0) differed both with respect to sender-identity and 

affect intensity, we conclude that certain sets or relations of parameters encode the affect 

intensity in kitten calls. 

 A recent review on infant isolation (or distress) vocalizations in a variety of different 

mammalian species described common acoustic differences with increased affect intensity as 

follows: an increase in F0, an upwards shift in energy distribution, an increase in amplitude, 

longer call duration and an increase in nonlinear phenomena (Lingle et al., 2012). Our results 

were mainly in accordance with these findings: we found longer calls, with a higher peak- and 

first formant frequency and more subharmonics in High compared to Low calls (amplitude 

was not measured). Contrary to our expectations, we found decreased F0 parameters with 

increased affect intensity. We were not the first to describe these unexpected F0 shift with 

respect to affect intensity (e.g. Romand and Ehret, 1984). Currently, there is no satisfactory 

explanation for this finding and playback studies will have to clarify the role of F0 in the 

perception of affect intensity in kitten isolation calls (c.f. Chapter IV). 
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As stated in Chapter III, one potential criticism about our methodology is the fact that the 

kitten calls were recorded in two behaviourally defined separation contexts that might differ 

not only in the induced affect intensity, but also in affect quality or adaptive function. 

Whereas the isolation call (i.e. Low call) is said to attract care-givers, the calls produced 

during handling or capture (i.e. High call) might instead function to compel the opponent 

(Lingle et al., 2012). A recent review on infant cries confirmed the similarities in acoustic 

structure and adaptive function between the infant isolation and capture calls (Lingle et al., 

2012). Taking into account our results together with new reports on the infant cry, I conclude 

that the differences in the voice of kitten isolation calls, recorded in two different separation 

contexts, are very likely based on differences in affect intensity of the sender. Based on these 

results, I consider the kitten isolation call, to be a good model for assessing similarities and 

differences (e.g. F0) in affect encoding in the mammalian infant cry. 

 

6.2.2. Chapter IV: Adult responsiveness to kitten calls 

The infant cry is an important communicative tool to elicit care-giving responses and is thus 

important for the survival of the young (Chang and Thompson, 2011). Adult receivers of an 

infant cry should be able to perceive the encoded affect intensity, to adjust their 

responsiveness (e.g. Zeskind et al., 1985) according to the current need of the calling infant. 

Taking into account the acoustic differences in kitten isolation calls based on the affective 

state of the sender, I assessed for the first time in how far adult cats adjust their 

responsiveness (i.e. latency to orientate to the sound source) based on the conveyed affect 

intensity (i.e. Low vs. High calls). Thereby, I revealed that female, and not male, cats are 

selected for the ability to adjust responsiveness according to affect intensity in the voice of 

kittens. Female cats responded significantly faster to High compared to Low calls, resulting in 

significant sex differences in the latency to respond to High, and not Low, calls. The results 

were neither influenced by the sender-identity, nor by prior experience with kittens (i.e. half 

of the females having already raised kittens). 

 In a recent review on infant isolation calls, Lingle and colleagues (2012) reported the 

typical adult response to isolation calls to be a rapid orientation to the sound source, followed 

by vocalizations, and approaching, feeding, retrieving or accompanying the infant. The 

authors discussed that especially the F0 of the calls is important for attracting caregivers 
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(Lingle et al., 2012), but the variations in F0 according to the affective (or motivational) state 

might be species-specific (Taylor and Reby, 2010). In my study, I found that females‟ 

response latencies were significantly correlated with the F0 at the beginning of the calls 

(F0start; two-tailed Pearson correlation: r = 0.613, p = 0.020). Thus, I synthesized artificial 

kitten calls (graphical synthesiser, Avisoft SASLab Pro; sampling frequency: 44,100 Hz, 

ramps of 10 ms), differing only in F0start and two filter-related parameters, influencing the 

peak frequency at the amplitude maximum of the call. I did not change F0start alone, as the 

fundamental frequency has been found to encode both affect intensity and sender-identity (see 

Chapter III) and thus decided for a combination of different parameters that were all 

significantly differing with affect intensity (cf. Supplementary 4.1.). F0start was variegated 

within the two artificial affect intensities to generate seven calls per category. The mean 

F0start was thereby lower in High (680 Hz) compared to Low calls (1720 Hz). Contrary to 

my hypothesis, global testing (ANOVA) did not reveal any significant effect of either sex 

(F = 4.053, p = 0.062), affect intensity (F = 1.023, p = 0.328) or an interaction thereof 

(affect*sex: F = 0.263, p = 0.615), with similar mean latencies to respond to kitten calls for all 

four categories (females: meanlow = 0.85 s, meanhigh = 0.84 s; males: meanlow = 0.94 s, meanhigh 

= 0.90 s). These results (not included in Chapter IV) indicate that differences in F0start, 

although being of behavioural relevance in natural calls, are not sufficient to elicit changes in 

the responsiveness to artificial calls. Thus, I propose that a combination of several prosodic 

cues (including F0start), or specific relations thereof, are necessary to elicit the adaptive 

changes in responsiveness in the adult, female cat. 

  

6.2.3. Chapter V: Orienting asymmetries to kitten calls 

A characteristic feature of human speech is laterality, whereby in most humans, the left 

hemisphere is dominant in processing speech related functions (Taglialatela and William, 

2007). A recent review on hemispheric asymmetries for vocal communication in humans and 

other vertebrates (Ocklenburg and Güntürkün, 2012) suggest a phylogenetic early emergence 

of auditory lateralized processing. The authors conclude that speech laterality in humans 

might not be an hemispheric asymmetry for language as such, but might be based on more 

basic features of species-specific communication calls (Ocklenburg and Güntürkün, 2012). 

Still, more research is necessary, to provide support for a pre-human origin of the speech 
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laterality (Ocklenburg et al., 2011). To address this question, I chose the domestic cat, as it is 

a common model in hearing research. Still, potential lateralized auditory processing in cats 

has not been assessed so far. Thus, I analysed for the first time auditory laterality in response 

to species-specific calls on a behavioural level in adult domestic cats. Therefore, I chose the 

orienting paradigm, an indirect measure of auditory laterality, frequently used in different 

vertebrate species (Ocklenburg et al., 2011). Species-specific calls have frequently been 

reported to elicit significant left-right orienting asymmetries in head turning responses 

towards the sound source (for review see Ocklenburg et al., 2011). These turning biases are 

assumed to indicate a dominance of the contralateral hemisphere in processing the sound (e.g. 

Hauser and Andersson, 1994). The studies using the orienting paradigm usually chose one of 

two approaches: either only one stimulus is presented to each subject, using a large number of 

subjects (e.g. Hauser and Andersson, 1994), or a reduced number of subjects each hears 

several playback presentations of a call category (e.g. Siniscalchi et al., 2008). In the first 

case, head turning biases are only assessed at the group-level; the second approach assesses 

individual biases and analyses group-level biases based on individual asymmetry scores (e.g. 

LI). To the best of my knowledge, no study so far statistically assessed significant individual 

biases (i.e. via binomial tests; frequently used to reveal significant individual left-right 

asymmetries in manual functions; e.g. Konerding et al., 2012). 

Using the already described kitten isolation calls, I assessed potential head turning 

asymmetries as well as influences due to the sex of the receiver and the affect intensity of the 

sender in the domestic cat. I decided to assess several repetitions per call category, to gain 

individual head turning biases (i.e. LI) that are comparable to the paw preference scores (i.e. 

HI) obtained for our subjects (cf. 6.4.). Thereby, I assessed sufficient head turning responses 

to statistical assess individual left-right asymmetries. Contrary to my assumption I did not 

find an overall orienting bias at the individual- (except one male, showing right ear bias) or 

group-level. Interestingly, I found more left turning than right turning subjects, when 

assessing only the first playback presentation per call category. This leftward bias, indicating 

right hemisphere dominance was significant for high affect intensity calls, only. I suggest that 

these contradictory results are based on the use of repeated sound presentations, which might 

have induced a habituation effect, reducing the existing (i.e. left) turning bias. I discussed that 

this effect might be due to a reduction of responsiveness in the right hemisphere, as reported 
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in humans (Teismann et al., 2004), and/or might be related to the influence of affect intensity 

on left-right asymmetries, similar to what has been reported in other non-human mammals 

(Siniscalchi et al., 2008; Descovich et al., 2012). Most importantly, no study has so far 

confirmed the rationale behind the orienting paradigm (Teufel et al., 2010). In particular, it is 

not known whether the head turning behaviour is directly linked to a predominant auditory 

processing in the contralateral hemisphere (Teufel et al., 2010). Previous neurological 

findings on the auditory perception and orienting behaviours in the domestic cat indicate that 

several subcortical and cortical regions might interact in generating the head turning response 

reported here (Thompson and Masterton, 1978; Newman, 2007). As brain areas might be 

lateralized independently from each other (Wager et al., 2003), the inference from an 

asymmetric motor response to auditory lateralization is probably not as direct as assumed by 

the rationale of the orienting paradigm. Thus, I suggest that an electrophysiological approach, 

using the same individuals and the same auditory stimuli is necessary, to assess in how far 

(first) head turning responses are related to lateralized auditory processing in different brain 

areas and whether habituation to repeated sound presentations influences the pattern of 

hemispheric left-right asymmetry in the domestic cat. 

 

6.3. Sex differences 

As several of the results reported here were influenced to some extent by the sex of the 

subjects, I decided to separately discuss this intrinsic factor to manual and auditory functions 

in the domestic cat. I will report in how far these sex differences resemble those revealed in 

other mammalian species and discuss potential underlying causes and mechanisms for the 

evolution of differences between male and female cats. 

 

6.3.1. Manual functions 

From their literature survey, Pfannkuche and colleagues (2009) summarized that males 

display a stronger shift to right-hemispheric dominance for manual functions (e.g. 

handedness) than females, both in humans and non-human mammals. These differences are 

discussed to be based on an organizational effect of the sex hormone testosterone (i.e. 

inducing irreversible, structural changes in brain and behaviour during an early phase in 

ontogeny (Pfannkuche et al., 2009). Additionally, fluctuating effects of sex hormones are 
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described, these are acting on the adult brain, leading to reversible differences in activation, 

based on short-term changes in hormone-level (Pfannkuche et al., 2009). Different hypotheses 

are discussed to explain, how sex-hormones may influence the brain development. For 

example the exposure to testosterone in males may inhibit the growth of the left hemisphere 

(for review see Pfannkuche et al., 2009). Based on their literature survey, Pfannkuche and 

colleagues (2009) conclude that more research in this field is necessary to understand the 

developmental changes related to differences in sex hormone levels in male and female 

mammals. 

In my study on asymmetries in paw usage during unimanual grasping, paw preference 

was only slightly different between male and female cats, depending on the grasping task 

observed. I found a trend for males being more left-pawed than females in the ground level 

task, with males showing a significant leftward bias at the group-level (indicating right-

hemispheric dominance), whereas females had no significant group-level bias. No sex 

differences were found in the cling level task.  

The results concerning sex differences in manual laterality of cats reported in the 

literature are inconsistent (e.g. Pike and Maitland, 1997; Wells and Millsopp, 2009). Still, 

several studies report sex differences of the typical mammalian pattern, with males being 

more left biased in paw usage than females (e.g. Tan et al., 1990; Wells and Millsopp, 2009). 

This sex difference was found to be consistent in a longitudinal study comparing six month 

and one year old cats (Wells and Millsopp, 2012), indicating that organizational effects of sex 

hormones are likely to underlie these sex differences in the domestic cat. As in my study the 

typical leftward bias in males was only revealed for the ground-level task, I assumed that 

different subjects used different strategies to solve the task of increased postural demand, 

which resulted in unsystematic variations of individual paw preferences. As some studies 

revealing rightward biases for females at the group-level reported that they used sterilized 

females (Wells and Millsopp, 2009), I assume that the lack of group-level biases in my study 

might be related to fluctuating influences of sex-hormones during the oestrous cycle of a 

female which increased the intra-individual variability (c.f. Pfannkuche et al., 2009). Previous 

studies on paw preference used different grasping task to analyse manual laterality in the 

domestic cat (e.g. food retrieval: Wells and Millsopp, 2009; or spot-light catching: Fabre-
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Thorpe et al., 1993). Thus, I argue that standardized test batteries should be used to assess 

which task characteristics explain the presence or absence of sex differences in domestic cats. 

 

6.3.2. Auditory functions 

On the production side, we did not reveal any difference between isolation calls of male and 

female kittens. We discussed that this lack of sex difference is due to the fact that body weight 

differences are not large enough to elicit predictable variations in acoustic parameters, at this 

early stage in live. Future studies in adult cats shall address potential interactions between 

individual signatures, bodyweight and sex in the voice of the domestic cat.  

On the perception side, I revealed that male cats did not respond differently to the calls 

of High compared to Low affect intensity, whereas female cats adjusted their responsiveness 

according to the conveyed affect intensity. I assumed that the insusceptibility of males to the 

affect intensity in the voice of kittens is due to the lack of biological significance of these 

calls, as males are not involved in infant care in the domestic cat. This lack of behavioural 

significance might have lead to a reduced motivation to respond, or the auditory system of 

males might not be able to „resolve‟ the acoustic differences of the calls (Langemann and 

Klump, 2005). As several studies indicate that females are more sensitive than males to 

specific components of the auditory space (e.g. differences in peripheral hearing, McFadden, 

2009), I assumed that the sex differences reported here might be based on sex differences in 

auditory processing. Thereby, differences in live styles (e.g. raising kittens in females, or 

roaming in males) might have produced different selective pressures, acting on the auditory 

system of male and female cats. Still, potential sex differences in the auditory processing of 

the domestic cat have not been described so far.  

In humans, it has been repeatedly reported that the typical leftward hemispheric 

lateralization is stronger in men than in women (for review see Cowell, 2010). Similar sex 

differences have also been reported in non-primate mammals (Cowell, 2010; Kanwal, 2011). 

Although I revealed significant sex differences in the responsiveness to kitten isolation calls, 

no sex differences were apparent for the head turning asymmetries in the response to the same 

sounds. I propose that the lack of sex-differences in head turning responses is based on the 

fact that habituation effects might have overlain potential influencing factors on auditory 

laterality. 
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6.4. Correlation of Ear and Paw Preference 

A recent review highlights the fact that the debate on the potential link between manual and 

speech laterality is still of high interest to the research community (Forrester and Quaresmini, 

2013). One of the current hypotheses states that speech laterality may have evolved based on 

lateralized functions developed through tool use (Forrester and Quaresmini, 2013). These 

functions are fine motor skills, temporal sequencing and the ability to combine constructive 

elements, features which are all characteristics of tool use and human language (Forrester and 

Quaresmini, 2013). One current finding supporting this hypothesis is the fact that within the 

Broca‟s area, language related tasks and tool use show overlapping activity (Higuchi et al., 

2009). 

Using the domestic cat as model species, I was aiming to reveal to what extent 

auditory laterality at the behavioural level (i.e. head turning biases; ear preference) correlates 

with paw preference during grasping, in a non-primate mammal. I did not reveal a significant 

correlation between individual orienting biases and paw preferences. Still, I cannot be sure 

whether these results are indicative of a lack of correlation between manual and auditory 

laterality, as the orienting paradigm did not reveal significant individual biases, potentially 

due to habituation effects. Thus, future studies, using different measures of auditory laterality, 

are necessary to reassess the potential link between paw preferences and asymmetries in 

processing species-specific calls in the domestic cats. These results would add to the current 

debate on the evolutionary scenario explaining the exceptional pattern of functional division 

in the human brain. 

 

6.5. Conclusion and Future Directions 

In my doctoral thesis I was investigating existing hypotheses on the evolution of and 

potentially universal mechanisms underlying manual and auditory functions in a non-primate 

model species, the domestic cat. Besides of confirming the individual paw preferences in the 

domestic cat, I revealed that postural demand is not a universal influencing factor on manual 

laterality, indicating that changes in postural habit might have been a leading force in 

evolution of brain asymmetries related to manual functions. Future studies on primarily 

bipedal or quadrupedal species are necessary, to assess in how far postural demand shapes 

left-right asymmetries in manual functions. Together with studies on a variety of non-human 
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vertebrate species, knowledge on the manual laterality in cats will help to understand the 

evolution of the remarkably strong and consistent right-handedness in humans (Ströckens et 

al., 2012). 

The acoustic analysis of kitten isolation calls revealed similarities as well as 

differences (i.e. F0) in the encoding of affect intensity in comparison to other mammalian 

species. Comparing prosodic (i.e. affect intensity) and indexical (i.e. sender-identity) cues 

highlighted the need to assess which combinations or relations of acoustic parameters are 

necessary for the encoding of affect intensity in the mammalian infant cry. In a playback-

study, I could give first insight in how adult listeners perceive kitten isolation calls of low and 

high affect intensity. Thereby, I revealed that, similar to what has been reported in other 

mammalian species, females, and not males, adjusted their responsiveness according to the 

affect intensity of the sender. This sex-specific responsiveness to prosodic cues in the voice of 

kittens was related to changes in fundamental frequency (i.e. F0start). Responses to artificial 

calls however, indicate that F0start, in combination with relative amplitude changes, might 

not be sufficient to encode affect intensity in the kitten call. Future studies are necessary to 

assess which complex of prosodic cues is necessary to trigger the sex- and affect intensity 

specific responsiveness towards kitten isolation calls. This will aid to the understanding of 

mechanisms underlying the perception of the infant cry.  

Using the orienting paradigm, I revealed inconsistent results, comparing two different 

approaches to assess head turning asymmetries. Assessing responses to repeated sound 

presentations I did not reveal significant left-right asymmetries (i.e. based on LIs), whereas 

analysing only the first head turning responses, showed more left than right turning subjects. I 

discuss these findings in the light of the general criticism of the orienting paradigm and the 

potential habituation to repeated sound presentations. Based on these results, I highly 

recommend that future studies using the orienting paradigm should control for this potential 

influencing factor on individual head turning asymmetries. Additionally, electrophysiologic 

studies, using the same individuals should assess to what extent head turning responses are 

related to lateralized auditory processing in the domestic cat. 

Furthermore, I revealed sex differences in the domestic cat, both in manual and 

auditory functions, that mark the domestic cat as a suitable model species to further assess 

organizational (i.e. during ontogeny) and fluctuating influences (i.e. during adulthood) of sex 
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hormones. Future studies are necessary, to further analyse the interactions of sex, task and 

manual laterality in the domestic cat. Additionally, my results on sex differences in 

responsiveness to kitten isolation calls indicate that male and female cats might differ in 

auditory functions. Thus, an important first step towards unravelling the influences of kitten 

calls on maternal behaviour is the analysis of sex difference in the auditory perception in the 

domestic cat. 

Based on the fact that the orienting paradigm revealed contradictory results, I 

recommend that future studies, using electrophysiological measures, should reassess the 

potential link between paw preferences and auditory laterality as well as influences on the 

potential auditory laterality due to habituation, affect intensity and sex. These findings will 

help to understand the interactions between sex, manual laterality and asymmetries in 

perception of species-specific vocalizations, in non-primate mammals (Cowell, 2010).  

 

Taking all findings together, I conclude that the domestic cat is a valuable model species to 

analyse auditory and manual laterality in a non-primate mammal. During my studies, I 

revealed several new directions to deepen our understanding on the evolution and underlying 

mechanisms of manual and auditory functions. Further studies shall assess these follow-up 

questions, to gain a better understanding of proximate and ultimate causes that shaped 

asymmetric brain functions and lead to the evolution of the strong right handedness and 

speech laterality in humans. 
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