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Abstract

Behaviour is a familiar, yet complex subject to understand as it is affected by several
factors, such as genes or environment, and their interactions. Behaviour and personality,
the stable behavioural differences between individuals, have an essential role in evolution,
as they can affect the adaptation of an individual to their environment. In the case of pet
animals, the behaviour can sometimes be problematic for its owner, the animal itself, or
both.

The domestic cat is the most popular pet animal. However, the popularity is shadowed by
problematic behaviours, which can decrease the welfare of both the owner and the cat. As
a common and recognised issue, problematic behaviour has interested researchers, who
have found several, but often inconsistent risk factors for the problems. Moreover,
previous studies have usually lacked validation and the number of acknowledged
background factors has been limited.

The aims of this thesis are to investigate the structure of feline personality and factors
associated with common problematic behaviours in cats. The targeted problematic
behaviours were fearfulness, aggression toward humans, excessive grooming, and
litterbox issues. The data were collected with an owner-completed online survey that was
tested for validity and reliability. In addition to personality and behaviour, information
about the cats’ background and health was collected.

The datasets consisted of 3036—4316 cats from 26 breed/breed groups, depending on the
study. The datasets were analysed with different methods, including explanatory factor
analysis for the structure of personality and behaviour, and generalized linear models
with model selection for the risk factors of problematic behaviours. Validity and reliability
were examined, e.g., with inter-rater and test-retest estimates, and the importance of the
found factors was estimated with relative and absolute effect sizes.

The results of this thesis show that problematic behaviours are complex and affected by
various factors, which explain only a small proportion of the variance in the behaviours.
Nevertheless, the breed and personality, especially fearfulness and sociability, were
among the most important factors associated with the studied behaviours. Fearfulness
was related to all other problematic behaviours, possibly indicating that it is genetically or
neurologically interconnected with them. Sociability toward cats was associated with
decreased aggression and house soiling, and sociability toward humans was likewise
associated with decreased fearfulness and aggression but increased excessive grooming.

Some of the identified factors replicate previous studies, but we also revealed new
associations. The findings may have a preventive effect, e.g., the proper socialization of
kittens may decrease fearfulness and other problems linked to it. The findings may also
help to solve current problems, e.g., by modifying the identified risk factors in the current
living environment.



Tiivistelma

Kiyttaytyminen on arkipdivdinen, mutta monimutkainen ilmio, jota ohjaavat useat
geenit, ymparistotekijat sekd ndiden keskindiset vuorovaikutukset. Kayttaytymiselld ja
persoonallisuudella, pysyvilla yksiléiden valisilla eroilla kayttaytymisessd, on tarkea rooli
evoluutiossa silldi ne vaikuttavat yksilon sopeutumiseen ympéristoonsa. Eritysesti
seuraeldaimilld esiintyy my0s omistajille, eldimille tai molemmille ongelmallisia
kayttaytymispiirteita.

Kissat ovat suosittuja seuraeldimiid, mutta myOs niilld esiintyy ongelmallista
kayttdytymistd, joka voi vaikuttaa sekd omistajan ettd kissan hyvinvointiin. Yleisena
haasteena ongelmallinen kiyttdytyminen on herattinyt tutkijoiden mielenkiinnon ja
ongelmille on 16ydetty useita, mutta keskendédn usein ristiriitaisia selittéavia tekijoita.
Aikaisempien tutkimuksen luotettavuutta ei ole yleensd myo6skaan mitattu ja mukaan
otettujen taustatekijoiden valikoima on ollut rajallinen.

Taman vaitoskirjatyon tavoitteina oli tutkia kissojen persoonallisuuden rakennetta ja
kissojen yleisiin ongelmallisiin kayttaytymispiirteisiin vaikuttavia tekijoitd. Tutkitut
kayttdytymispiirteet olivat pelokkuus, ihmisiin kohdistuva aggressiivisuus, itsensi
pakonomainen peseminen ja sisasiisteysongelmat. Tutkimusaineisto kerittiin kissojen
omistajille ~ suunnatulla  internet-kyselylld, = jonka  luotettavuus  testattiin.
Persoonallisuuden ja kiyttdytymisen lisdksi aineistoa kerdttiin myos kissan taustasta ja
terveydesta.

Aineiston koko vaihteli osatutkimuksien vaililla 3036 kissasta 4316 kissaan, 26 eri
rotu/roturyhméstd. Aineisto analysoitiin  kdyttden erilaisia menetelmid, kuten
faktorianalyysid persoonallisuuden ja kayttdytymisen rakenteen selvittimisessia seka
yleistettyja lineaarisia malleja ongelmallisiin piirteisiin vaikuttavien tekijoiden
tunnistamisessa. Luotettavuutta mitattiin muun muassa vastaajien kesken ja
vastauskertojen vililld, jonka lisdksi arviotiin loydettyjen tekijoiden suhteellista ja
absoluuttista tarkeytta.

Viitoskirjatyon tulokset vahvistavat ongelmallisten kayttaytymispiirteiden olevan
monimutkaisia ja niihin vaikuttavan useat eri tekijét, jotka yksinaén selittavét kuitenkin
vain pienen osan kiyttdytymisen vaihtelusta. Tarkeimmiksi tekijoiksi nousivat kissan rotu
ja persoonallisuus, erityisesti pelokkuus ja sosiaalisuus. Pelokkuus yhdistyi jokaiseen
ongelmalliseen kayttdytymispiirteeseen, mika voi viitata yhteiseen hermostolliseen tai
geneettiseen taustaan. Sosiaalisuus toisia kissoja kohtaan yhdistyi vidhentyneeseen
aggressiivisuuteen ja  sisdsiisteysongelmiin, ja sosiaalisuus ihmisid kohtaan
vahentyneeseen  pelokkuuteen ja  aggressiivisuuteen, mutta lisddntyneeseen
pakonomaiseen pesemiseen.

Osa tekijoistd oli 10ydetty jo aiemmin, osa yhteyksistd oli tdysin uusia. Vaitoskirjatyon
tuloksia voidaan hy6dyntdd ongelmien ehkaisyssd, kuten kissanpentujen riittavaa
sosiaalistamista pelokkuuden ennaltaehkiisyssid. Tuloksen voivat auttaa my0s
ongelmallisen kayttdytymisen hoidossa nyky-ympériston muokkaamisen avulla.
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1 Introduction

The domestic cat is a popular pet, but their personality and behaviour have
remained less studied than another popular pet animal, the domestic dog. The
living conditions of the pet cats differ greatly from their ancestor, the solitary
African wildcat, by usually limited living space and social environment. During
domestication, behaviour of the cat was remarkably changed, and it became a
more social species. The behaviour and personality, stable behavioural differences
between individuals, are affected at least by numerous genes, the environment,
and their complex interactions. The structure of personality and behaviour have
been studied, for example, with surveys, which, however, usually lack the
investigation of validity and reliability.

Although the cat’s behaviour shows great plasticity, problematic behaviour
may occur in unideal living conditions or for other, partly unidentified reasons.
Problematic behaviours are usually, but not always, based on normal behaviour
that has become excessive. The most common problems in cats are fearfulness,
aggressiveness, and house soiling. In addition, like other animals, cats can have
abnormal repetitive behaviours (ARBs), such as pica (the consumption of non-
food items) and excessive grooming. Problematic behaviour can cause diverse
problems both to the cat and its owner, as it can be harmful to the cat, and it
usually weakens the cat-owner bond. The most severe cases can lead to the
relinquishment or euthanasia of the cat. Previous literature has reported several
potential risk factors, but the results of the studies have been contradictory.

This thesis hypothesises that the cats’ behaviours show stable differences
between individuals, thus forming their personality consisting of different traits.
Moreover, the thesis hypothesises that the studied problematic behaviours,
fearfulness, aggression toward humans, excessive grooming, and litterbox issues
are affected by several factors. Therefore, this thesis investigates the association of
personality, demographics, environment, and genetic background with
problematic behaviours. The findings stress the complexity of problematic
behaviour and behaviour in general, as several associations were found. The
results highlight the importance of personality traits, especially fearfulness, in the
occurrence of problematic behaviour. Managing the associated risk factors in the
cats’ rearing and current environments may reduce problematic behaviour,
possibly improving the welfare both cats and their owners.



2 Review of the literature

2.1 Behaviour and personality

Behaviour is usually described as the internally coordinated responses (actions or
inactions) of a whole living organism to internal and/or external stimuli,
excluding responses arising from developmental changes, although there are
different definitions for the term even between behaviour researchers (Levitis et
al., 2009). Thus, the animal can behave by acting (for example, flee a predator) or
becoming inactive (for example, freeze when detecting a predator). In addition,
the stimulus can be external, such as a hunting attempt toward a prey animal
when seeing one, or internal, such as hunger or thirst. Behaviour, as defined here,
can be found throughout the animal kingdom and even plants and unicellular
organisms (Levitis et al., 2009).

Personality is usually described as behavioural traits that are relatively stable
over time and across different contexts (Carere & Maestripieri, 2013). Synonyms
used to describe the same phenomenon as the personality in the previous
literature are behavioural syndromes, coping styles, and temperament (Carere &
Maestripieri, 2013). The personality traits form together the personality of an
individual. Together the traits form the structure of personality, which can be
studied, for example, at the species level.

Personality was first studied only in humans (Homo sapiens sapiens), as it was
previously thought that humans are the only species capable of having
personalities (Gosling, 2008). However, later the stable behavioural differences
between individuals, i.e., personalities, have been found widely among different
animal species from other primates (King & Figueredo, 1997) to cats (Travnik et
al., 2020), dogs (Gosling et al., 2003), and even invertebrates, such as anemones
(Briffa & Greenaway, 2011).

Researchers have suggested several different traits and structures forming the
basis of personality. Aggressiveness, activity, shyness/boldness, fearfulness,
reactivity, and sociability are commonly found traits in wild animals (Gartland et
al., 2022; Sih et al., 2004). In domesticated animals, sociability toward humans is
also a commonly found trait (e.g. (Udell et al., 2010; Vitale & Udell, 2019).
Especially in pet animals, such as dogs and cats, sociability toward humans is an
important trait, as more sociable animals adapt more easily to human-based
environments (Shin & Shin, 2017) and people tend to prefer sociable individuals



(Turner, 2021). Behavioural differences between populations and individuals play
an important role in evolutionary ecology as well, as they potentially affect, for
example, birth, death, and dispersal rates of wild animals (Sih et al., 2004; Wolf &
Weissing, 2012).

Behaviour can also be harmful to the individual itself if it disturbs its daily
functioning, such as eating, and may therefore affect the survival of the individual.
In humans, behaviour like this can be classified as a psychiatric disorder; in non-
human animals, the term behavioural problem is (usually) used instead. This kind
of behaviour is mostly documented in animals in captivity, especially fear-related
problems are prevalent. Another, although much rarer, type of harmful behaviour
is abnormal repetitive behaviour (ARB) (Garner, 2005; Tynes & Sinn, 2014).
Comorbidity of behavioural problems are common (Goldstein-Piekarski et al.,
2016; Salonen et al., 2020) and previous findings have shown that they are more
prevalent with specific personalities (Dinwoodie et al., 2019). Thus, it is suggested
that individuals with specific personality traits are more prone to developing
behavioural problems.

2.1.1 Factors influencing behaviour

The behaviour is modified by genes and the environment, and their complex
interactions (Overall et al., 2014). The genetics of an individual provides the
framework for the other factors influencing the behaviour. If an individual (i.e.,
genotype) is transferred to a different environment, its phenotype can change as
well. This phenomenon is called phenotypic plasticity or genotype-by-
environment interaction (GxE), and it differs between individuals (Kelly et al.,
2012). It also appears to be heritable (Kelly et al., 2012). The changes in the
phenotypes can be developmental, such as growing muscle mass because of
exercising, or behavioural, such as fearful behaviour among strangers.

Genetics are an important component in behaviour, although the effect of an
individual gene is small (Overall et al., 2014). The contribution of genetic variation
to a phenotype can be measured with heritability estimates (Dochtermann et al.,
2019). As heritability is the proportion of total phenotypic variance that is
attributable to additive genetic variance, it varies between 0 and 1. A high estimate
(closer to 1) means that the majority of the phenotypic variation is explained by
genetic differences between individuals (Dochtermann et al., 2019). According to
the newest meta-analysis, in non-human animals, the average heritability of
behaviour is 0.235 (Dochtermann et al., 2019) and the average heritability of
personality is 0.52 (Dochtermann et al., 2015), which means that genetic variation
explains a remarkable proportion of overall phenotypic variation, especially of
personality. However, the estimates vary greatly between traits, studies, and
animal populations (van Oers & Sinn, 2013). Similarly, psychiatric disorders and
behavioural problems may have genetic components that are somewhat heritable.
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In addition, epigenetics, the biochemical mechanisms that alter gene expression
without changing the primary nucleotide sequence of the genome, have been
shown to affect individual’s phenotype and to be heritable (Richards, 2006).

Hormones can also alter behaviour (Bernstein et al., 1983). For example, the
gut microbiota-brain axis is an interesting network where the gut microbiota
modulates the behaviour of its animal host through chemical communication with
the nervous system (Morais et al., 2021). The details of this pathway are still
poorly understood, but previous studies have found a link between the
composition of the microbiota and neurodegenerative disorders, stress,
depression, and anxiety (Morais et al., 2021).

There is no doubt that the environment plays a big role in behaviour. However,
a given environmental factor does not necessarily affect different individuals in
the same way due to genotypic plasticity. An individual is affected by the
environment even before it is born; for example, maternal stress increases the
probability of anxiety and learning problems both in humans and non-human
animals (McLean et al., 2019; Weinstock, 2008). The early life period, here
meaning the time before maturation or weaning, is a particularly important time
for the development of the behaviour. Stress during this time has negative impacts
on mental and physical health in humans as well as in non-human animals
(Salonen, 2020). For example, poor quality of maternal care, early weaning, or
absence of the mother increases anxiety-like behaviours, as well as aggressive and
abnormal repetitive behaviours (e.g., (Ahola et al., 2017; Tiira & Lohi, 2015).

The current social and physical environment affect the behaviour of the
individual as well. Many animal species are capable of social learning, i.e.,
learning by observing or interacting with other individuals (Galef & Laland,
2005), and in some species, such as apes, this has led to cultural evolution
(Whiten, 2019). The possibility to interact with conspecifics seems to be important
for pet animals as well, as the company of other animals is associated to lower
aggressiveness and fearfulness (Amat et al., 2009; Hsu & Sun, 2010; Tiira & Lohi,
2015; Yamada et al., 2020). For domesticated animals, the environment should be
stimulating enough that one can display normal behaviours, but not too
unpredictable, as it can trigger problematic behaviours (Amat et al., 2016).

In addition, demographic factors may affect behaviour. For example,
personality usually changes during ageing. Humans tend to be more neurotic at
young age (Bleidorn et al., 2022; Stahl et al., 2023), and companion animals more
active and playful, but less aggressive (Duffy et al., 2017; Gartner, 2015; Hsu &
Sun, 2010; Yamada et al., 2020). Sex and hormonal status likely have their own
contribution to behaviour (e.g., (Amat et al., 2009; Hsu & Sun, 2010; Mikkola,
Salonen, Puurunen, et al., 2021; Weldon et al., 2010), but the findings differ
greatly between the studies (Mikkola, Salonen, Puurunen, et al., 2021).
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To sum up, various genetic, environmental, and other factors alter the
behaviour of an individual. As these factors interact also with each other the
effects are complicated and some remain undiscovered.

2.1.2 Measuring behaviour

Measuring behaviour is challenging for several reasons: it has a temporal
component, several behaviours can coexist at the same time, it can be affected by
unidentified factors, and it varies between and within individuals (Bateson &
Martin, 2021). Behaviour has been studied with multiple different methods,
including naturalistic observations, test batteries, and surveys (Freeman et al.,
2011). In companion animals, the latter two methods are the most common.

Test batteries, such as behavioural tests, are standardized tests that can be
used to target specific behaviours. However, they capture only a limited moment
of the subject’s behaviour, compared to surveys, which measure the behaviour
from a longer time period. In animal studies, the owner or caretaker of the animal
is usually the one completing the survey. Thus, questionnaires can be more
subjective in nature than direct coding methods. However, with surveys, it is
easier and less time-consuming to collect large datasets than with behaviour
testing. In addition, they are usually less problematic ethically than experimental
studies (Bateson & Martin, 2021). Due to the different strengths and weaknesses
of different methodologies, it is recommended to measure the behaviour with
more than one approach (Bateson & Martin, 2021).

The quality of behavioural studies can greatly vary; thus, it is important to
estimate both the reliability and validity of the behavioural measurements
(Bateson & Martin, 2021). Reliability measures how well the measurements are
repeatable and the validity whether the right quality is being measured (Bateson &
Martin, 2021). Validity can be assessed by comparing the results with previously
published studies about the same phenomenon, preferably with an existing gold
standard (Bateson & Martin, 2021), or by comparing the results of a survey with
behaviour tests or vice versa. Test-retest reliability and inter-rater reliability
measures are common reliability estimators. Test-retest reliability evaluates the
repeatability of measurement within the observer and inter-rater reliability
between the observers. Despite the selected methodology, estimating the
reliability is important as a major source of inaccuracy in behavioural
measurements comes from human observers (Bateson & Martin, 2021).

2.2 The study species: the domestic cat

The domestication of the cat (Felis catus Linnaeus, 1758) took place ~ 12 000
years ago somewhere in the Near East, overlapping the development of agriculture
in the Fertile Crescent (Nilson et al., 2022; Ottoni et al., 2017). The domestication
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process from the wild African wildcat (Felis silvestris lybica Forster, 1780) was
likely a natural and commensalistic process (Ottoni et al., 2017). The African
wildcat is a small, obligate carnivore, which preys on small animals, such as
rodents. Thus, the grain stores likely attracted small rodents, which themselves
attracted the wildcats close to the human settlements (Driscoll et al., 2009; Nilson
et al., 2022).

From the first places of domestication, the domesticated cats dispersed to the
ancient Levant and Egypt (Ottoni et al., 2017), where purposeful breeding of the
cat likely started (Kurushima et al., 2012). Cats bred in Egypt were popular among
the people and it is suggested that changes in the tameness and human sociability
happened during that time (Ottoni et al., 2017). From there, cats dispersed with
humans through Eurasia, possibly to control the house mouse (Mus musculus
Linnaeus, 1758) populations (Krajcarz et al., 2022). To other continents, Australia
and the Americas, for example, cats likely dispersed by imperialism, exploration
and colonization (Nilson et al., 2022), as they were used to control rodents on sea
voyages as well (Ottoni et al., 2017).

During domestication, some morphological changes occurred. Compared to the
wildcat, domestic cats are smaller on average (Krajcarz et al., 2022) and they have
smaller cranial volumes indicating smaller brains (Lesch et al., 2022). In addition,
their facial morphology is somewhat different as domestic cats, on average, have
shorter nose lengths than African wildcats (Hattori et al., 2022). This change is
likely influenced by humans, as people prefer cats with shorter nose lengths
(Hattori et al., 2022).

Modern breeding started in the nineteenth century when certain types of cats
were artificially selected from regional, local cat populations (Lipinski et al.,
2008). The selection was mainly based on the “visible” aesthetic variation, such as
coat colouration, pattern, and length (Nilson et al., 2022; Ottoni & Neer, 2020)
(Figure 1), although the local populations differed genetically from each other as
well (Lipinski et al., 2008). The group of domestic cats that underwent intensive
artificial selection is called the pedigreed (purebred) cat, even though the local
populations still exist today (Lipinski et al., 2008). In fact, there are more
random-bred cats than pedigree cats (Gandolfi & Alhaddad, 2015). The cats
originating from local, random-bred populations are sometimes referred to as
landrace cats. Finland has its own local “breed”, the Finnish landrace cat.

The first breeds gave a basis to develop new breeds by crossbreeding them with
other breeds, with non-pedigree cats that had a visually interesting mutations, or
even with other feline species, such as with the Asian leopard cat (Prionailurus
bengalensis Kerr, 1792) (Lipinski et al., 2008; Martos Martinez-Caja et al., 2021).
Intensive breeding has led to several breed-specific health issues, caused by their
changed anatomy (Gunn-Moore et al., 2008) and decreased genetic variance,
which can be a consequence of, inbreeding and genetic bottlenecks, for example
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(Gandolfi & Alhaddad, 2015). Currently, The International Cat Association TICA
recognises up to 73 cat breeds (The International Cat Association, 2018).

Figure 1 A) African wildcat with a typical mackerel pattern, B) Colour and pattern variation in a
domestic free-ranging cat population, C) Bengal, a hybrid cat breed (Prionailurus
bengalensis x Felis catus), D) Sphynx, a hairless cat breed, E) Persian, a longhaired and
brachycephalic cat breed. Photos: stock.adobe.com.

However, the most relevant change during the domestication has happened in
the behaviour of the domestic cat. Although the domestic cat and African wildcat
still greatly resemble each other genetically, signs of selection have been found in
the genomic regions related to behaviour (Montague et al., 2014). Genes located in
those regions are related to memory, fear conditioning, and stimulus-reward
learning (Montague et al., 2014). As a result, the domestic cats are more tolerant
of humans and other animals than the African wildcat. Unlike the solitary African
wildcat, the social behaviour of the domestic cat shows great plasticity (Vitale,
2022). They are able to live in restricted spaces among artificial, human-selected
groups, and unowned cats can also form colonies themselves in the right
circumstances (Natoli et al., 2022). Individuals of the same group can, for
example, allogroom each other, defend their territory, play, sleep, and take care of
the kittens together (Natoli et al., 2022; Vitale, 2022). On the other hand, some
individuals prefer to live alone, and other cats can be a source of stress for them
(Vitale, 2022).

To communicate with humans, the domestic cat uses both visual and vocal
signals, originating from communication with other cats (Turner, 2021).

14



Interactions with humans can include, playing, being petted, grooming, and
handling, for example (Rochlitz, 2005). Cats can discriminate human attentional
state and are able to form deep bonds with their human caregivers (Vitale et al.,
2019). The complexity of the cat-human bond parallels any other complex social
relationship (Ines et al., 2021). As they can form social relationships with other
species, it is suggested that the modern domestic cat is a social generalist (Vitale et
al., 2019).

Despite remarkable changes in the behaviour, the domestic cat still has
species-specific behavioural needs originating from its wild ancestor including
scent marking, crepuscular activity, predatory behaviour, possibility for hiding,
and access to elevated places. As the cat is a prey animal as well as a predator, the
ability to feel secure is very important to their welfare. Compared to humans, cats
have a more sensitive olfactory sense and a wider auditory frequency, thus,
aversive odours, such as cleaning chemicals, and loud noises can be stressful for
them (J. L. Stella & Buffington, 2016). Additionally, cats prefer a warmer ambient
temperature than many other species (J. L. Stella & Buffington, 2016), as their
thermoneutral zone is 30—38°C (National Research Counsil (NRC), 2006). That is
remarkably higher than the general ambient room temperature, thus offering
beddings that allow cats to thermoregulate themselves are recommended (J. L.
Stella & Croney, 2016).

Environmental enrichment, the beneficial modification of the home
environment, is usually needed to fulfil cats’ behavioural needs, especially with
indoor-only cats (Strickler & Shull, 2013). Cats should have, for example, enough
space to roam, litterboxes, comfortable resting areas, opportunity to play, scratch,
and possibilities for social interaction with their caregiver and other cats (if the cat
enjoys the company of conspecifics) (Rochlitz, 2005). Failure to fill one or more of
these demands can lead to problematic behaviour (J. L. Stella & Croney, 2016). In
addition to species-specific needs, some cats have their own individual-specific
needs (Strickler & Shull, 2013), which are often affected by the personality of the
individual in question.

2.3 Feline behaviour & personality

Personality and behaviour of the cat is less studied than the personality of the
domestic dog, another popular pet animal. However, understanding feline
personality and behaviour is important for their welfare, as identifying the cat’s
personality enables modifying the environment to be more suitable for its
individual needs (Foster & Ijichi, 2017; Gartner, 2015). Moreover, owners seem to
prefer cats that match their personality type (Zeigler-Hill & Highfill, 2010). As
personality has a heritable component, knowing the personality types of
individuals used in breeding also benefit cat breeding programs.
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The structure of the cat’s personality greatly differs between studies; the
number of recognised personality dimensions ranges from one to six (Travnik et
al., 2020). The most commonly studied traits are related to friendliness,
aggressiveness, boldness, openness, activity, impulsiveness, and dominance
(Travnik et al., 2020). Previous studies have utilized observational methods as
well as surveys or combined different methodologies. The majority of feline
behavioural studies are survey-based (Travnik et al., 2020), because cats might
not behave normally in a novel test environment, making behaviour testing
challenging. Personality has been studied in many different cat populations,
including laboratory reared cats, homeless shelter cats, free-ranging colonies, or
owned pet cats. Results of the studies investigating the structure of feline
personality are summarized in Table 1. Unfortunately, several cat personality
studies lack thorough validation (Gartner & Weiss, 2013).

“The Feline Five” (Litchfield et al.,, 2017) parallels the human Big Five
personality structure (Goldberg, 1990) with the traits labelled as agreeableness,
dominance, extraversion, impulsiveness and neuroticism. This framework has
later been utilized in predatory behaviour (Cordonnier et al., 2023) and owner-cat
relationship (Evans et al., 2019) studies. The Meet Your Match® Feline-ality™
protocol (The American Society for the Prevention of Cruelty to Animals, 2013)
utilizes the dimensions of independent-gregarious and valiant scales, to match the
personality types of the shelter cats and adopters. Later studies have shown the
rating protocol also working in home environments (Fukimoto et al., 2020; Weiss
et al., 2015). The Feline Temperament Profile (FTP) scores a cat’s behaviour based
on a standardized test pattern, which predicts the response to humans and cats’
stress responsiveness in general (Siegford et al., 2003). Originally, the test was
designed to assess the suitability of cats for nursing homes (Siegford et al., 2003).
FTP has since been used when studying ocular temperature (Foster & Ijichi, 2017),
cortisol concentration (Siegford et al., 2003), and paw preference (McDowell et
al., 2016).

The Fe-BARQ (Feline Behavioral Assessment & Research Questionnaire) is a
survey which includes items related to problematic behaviours in addition to
personality (Duffy et al., 2017). The survey has been validated in English and in
Spanish (Menor-Campos et al., 2021), and the online data collection is still
ongoing. The survey used for the data collection of this thesis is greatly based on
the Fe-BARQ (Duffy et al., 2017).
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Table 1 Summary of the 16 selected studies about personality structure in the domestic cat. N =
sample size, S = survey, O = observation.

Authors N Traits Sample Methods

Ahola et al. (2017) 5726  3: Aggression, Shyness, Extraversion Owned S

Arahori et al. (2016) 94 4: Openness, Friendliness, Owned S14
Roughness, Neuroticism

Bennett et al. (2017) 416 5: Playfulness, Amiability, Dominance, = Owned S1,2
Demandingness, Gullibility

Duffy et al. (2017) 2608 23: Playfulness/activity, Sociability, Owned S1,3
Sociability with cats, Stranger-directed
aggression, Touch sensitivity/Owner-
directed aggression, Fear of novelty,
Trainability, and 16 others

Feaver et al. (1986) 14 3: Alert, Sociable, Equable Lab 0&S3,

5

Finka et al. (2019) 3331  4: Gregariousness, Aggressiveness, Owned S
Aloofness/avoidance,
Anxiousness/fearfulness

Fukimoto et al. (2019) 71 3: Agreeableness, Openness, Shelter S1,2
Extraversion

Gartner et al. (2014) 100 3: Dominance, Impulsiveness, Shelter S5
Neuroticism

Ha & Ha (2017) 251 5: Cat social, Active, Human nonsocial, Owned S
Human aggressive, Intense

Lee et al. (2007) 196 4: Active/clever/curious/sociable, Owned S
Emotional/friendly/protective,
Aggressive/bad-tempered, Timid

Litchfield et al. (2017) 2802 5: Agreeableness, Dominance, Owned S1,2
Extraversion, Impulsiveness,
Neuroticism

McDowell et al. (2016) 90 2: Neuroticism, Impulsiveness Owned 0&S

Menchetti et al. (2018) 1270 5: Sociability, Reactivity, Owned S1
Protectiveness, Neuroticism,
Fearfulness

Stella & Croney (2019) 55 2: Shy/calm/mellow/timid, Owned 0&S3
Active/playful/curious/easygoing

Wedl et al. (2011) 40 5: Active, Anxious, Feeding, Sociable, = Owned 05

Rough

1 = internal consistency examined

2 = discriminant validity examined

3 = construct validity examined

4 = reliability in time examined

5 = reliability between raters examined
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2.3.1 Factors associating with feline personality & behaviour

Similarly to other animals, cat’s genetics and the environment affect the
development of personality before birth (Travnik et al., 2020) (Figure 2). The
individual differences in behaviour can already be seen in three-week-old kittens,
as their frequency of separation calls and locomotor activity already differ at that
age (Hudson et al., 2015, 2017). Studies that have investigated the effects of early
life socialization to humans have found it to be very important for the cat’s
friendliness towards familiar and unfamiliar people, boldness, and fearfulness in
the future (Casey & Bradshaw, 2008b; Lowe & Bradshaw, 2001; McCune, 1995).
In addition, delayed weaning (at the age of 14 weeks or later) might be beneficial,
as weaning earlier than that has been associated with aggressive behaviour and
excessive grooming (Ahola et al., 2017). Other early life experiences, such as litter
size and quality of maternal care, which have been shown to affect personality in
dogs (Foyer et al., 2013, 2016), have not yet been studied in cats.

GENETICS

* Phenotypic
plasticity

ENVIRONMENT
* Prenatal e Physical
* Early life * Social
e Current

OTHERS
* Phenotypic -

correlations
* Hormones

HEALTH
PERSONALITY -
DEMOGRAPHICS &

«Age °Hormonal BEHAVIOUR

*Sex status Behavioural

correlations

Figure 2 Factors affecting personality and behaviour in cats. They are influenced by the
individual’s genetics, both the past and current environment and their interactions
(GxE). Demographic factors, such as age and sex, contribute to personality/behaviour
as well. Different health problems can change the cat’s typical behaviour, e.g., the cat
can become more aggressive. Personality affects behaviour, and the traits also correlate
with each other. Additionally, it is likely that also other, yet uninvestigated factors in
cats, such as gut microbiota and hormones, affect personality/behaviour. Finally,
potential interactions exist between almost any of the mentioned factors, many health
problems in cats are influenced by genetics and hormones by demographic factors or
vice versa. Photo: Esin Deniz — stock.adobe.com.
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The experiences later in life affect the cat’s personality as well. For example,
the company of other cats have been associated with decreased fearfulness and
aggression toward humans (Ahola et al., 2017; Amat et al., 2009; Leech et al.,
2022; Menchetti et al., 2018; Menor-Campos et al., 2021; Normando et al., 2022;
Yamada et al., 2020), but enables the redirection of aggression toward other cats.
Declawing (removing claws surgically) seems to decrease the cat’s activity and
playfulness (Duffy et al., 2017), and access to both indoor and outdoor areas
seems to increase activity (Leech et al., 2022). Former stray cats have been
reported to be less sociable and more aggressive toward humans than cats without
this background (Ha & Ha, 2017), which may reflect the lack of beneficial contacts
with humans.

The genetic background of feline personality is still mostly unknown (Travnik
et al., 2020). The first genetic studies, conducted in the 1980s and 1990s, focused
on the paternal effects on kittens’ personality traits in free-ranging colony cats
(Turner et al., 1986) and in the laboratory reared cats (McCune, 1995; Reisner et
al.,, 1994). Turner and others (1986) found that the kittens of friendly fathers
approached and touched human observers and novel objects more eagerly than
the kittens of unfriendly fathers. Similarly, Reisner and others (1994) noticed that
litters sired by different fathers differed in friendliness and aggressiveness (in this
case response to restraining). The heritability and genetic correlations of
personality traits in cats have previously been investigated in one study, which
reported them to be moderate for the shyness and aggression traits (Salonen et al.,
2019). In addition, the variation of the oxytocin receptor gene (OXTR) has been
shown to associate with roughness (Arahori et al., 2016) and friendliness in cats
(Arahori et al., 2017). Moreover, previous literature has found breed-specific
differences in cats’ personalities (e.g. (Ahola et al., 2017; Hart & Hart, 2013b;
Naderi et al., 2011; Salonen et al., 2019; Tamimi et al., 2015; Wassink-van der
Schot et al., 2016), giving indirect evidence of genetic influences on personality.

Likewise, the physiological basis of behavioural differences is largely unknown.
In several animal species, the stress hormones, such as cortisol, can be used to
measure the animal’s physiological response to stress (Sheriff et al., 2011). In cats,
however, several studies have failed to link the behavioural signs of stress with
increased cortisol concentrations (Fukimoto et al., 2020; Siegford et al., 2003; J.
Stella et al., 2013), thus it seems that this parameter may not be a reliable measure
of stress/fear in cats. The surface body temperature may be one method to
evaluate stress in cats, as cats with high ocular temperatures had lower
frequencies of acceptable responses in the Feline Temperament Profile (FTP)
(Foster & Ijichi, 2017), but further studies and evaluation are needed the estimate
the method’s validity.

Furthermore, personality is likely influenced by age, sex, and hormonal status,
although studies are not unanimous. Older cats have been reported to be less
active, playful, social (Gartner et al., 2014; Lee et al., 2007; Menchetti et al., 2018;
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Menor-Campos et al., 2021, but see Ha & Ha, 2017), and less fearful (Ahola et al.,
2017; Yamada et al., 2020) than younger cats, but having a higher probability of
aggression toward strangers and other cats (Ahola et al., 2017). Sex may have an
influence on aggressiveness of the cat, but studies lack consistency; some studies
find males more aggressive than females (Menchetti et al., 2018; Naderi et al.,
2011), but some studies have found the opposite results (Ahola et al., 2017;
Arahori et al., 2017; Wassink-van der Schot et al., 2016; Yamada et al., 2020), or
no difference at all (Lee et al., 2007; Tamimi et al., 2015). Furthermore, males
have been reported to be less fearful in general, more social toward other cats, and
less aggressive toward other cats than females (Ahola et al., 2017; Ha & Ha, 2017;
Yamada et al., 2020). Intact females exhibited more aggression than sterilized
females in the study of Amat and others (2009), but sterilized cats exhibited more
roughness (including the adjective “aggressive”) (Arahori et al., 2017), aggression
toward family members and other cats, and fearfulness toward strangers (Ahola et
al., 2017) in other studies. Thus, based on these previous studies, it’s unclear
whether sterilization is beneficial or harmful to the cat’s behaviour or personality.

In addition, correlations with personality and other phenotypical traits, such as
coat colour, have been suggested. For example, Pointier and others (1995)
suggested that orange male cats might be more aggressive than other coloured
males (Pontier et al., 1995). Moreover, Stelow and others (2016) found that
“orange females” (tortoiseshells and calicos), black-and-white, and grey-and-white
cats exhibit more aggression than other coloured females. However, in their study,
the males exhibiting the most aggression were black-and-white coloured, not
orange (Stelow et al., 2016). Furthermore, in another study, orange cats were
evaluated as more friendly and less shy than white and tortoiseshell cats (Delgado
et al., 2012), and no differences existed in a more recent study (Leech et al., 2022).
Thus, it is suggested that the relationship between the cat’s personality and the
coat colour is highly influenced by the owner’s beliefs (Delgado et al., 2012), or it
is a secondary effect of the breed effect (Wilhelmy et al., 2016). Additionally, it was
noticed that cats without paw preference (ambilateral cats) have higher scores in
neuroticism, than cats preferring the right or left paw (McDowell et al., 2016).

Personality traits also correlate with each other. For example, fearfulness
correlates positively with aggression and negatively with human sociability (Ahola
et al., 2017). Personality can also alter cat’s tolerance to cope with unideal
environment and it is suggested that some personality types are more sensitive to
stress than others (Foster & Ijichi, 2017). As prolonged stress is a common reason
for problematic behaviour, cats with certain personalities, such as highly anxious
cats (Normando et al., 2022), may be more prone to show problematic behaviour
than others.
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2.4 Problematic behaviour

Problematic behaviour in cats is quite common, but the exact prevalence is
unknown. The majority of the Japanese cats, 78%, exhibited disturbing or very
disturbing behaviour (Yamada et al., 2020), but only 15.6-20% of the European
cats were reported to have one or more problematic behaviours (Finka et al., 2019;
Machado et al., 2020; Normando et al.,, 2022). Problematic behaviour can be
defined as a behaviour that is undesired for the pet owner, and it can be divided
into two different categories: normal, species-typical behaviour, and abnormal,
non-typical behaviour for the species (Casey & Bradshaw, 2008a). For example,
scratching furniture can be problematic for the owner, but normal, healthy
behaviour for the cat (J. Bradshaw, 2018). In contrast, abnormal behaviours,
which usually are welfare issues for the animals, are not always considered
problematic by the owners as the owner might not recognise them as problematic.
The owners can, for example, feel that the abnormal behaviour, such as tail
chasing in dogs is “funny” or “cute” (Burn, 2011). Moreover, even normal
behaviour, which is considered problematic by owners can cause welfare issues, as
it is a typical reason for relinquishment to an animal shelter and euthanasia
(Salman et al., 2010; J. L. Stella & Croney, 2016). Thus, problematic behaviour
can harm the emotional bond between the caretaker and the cat (Serpell, 1996),
and decrease the caretaker’s satisfaction with the cat (Normando et al., 2022).
Usually, problematic behaviours occur when the cat cannot fulfil its
behavioural demands (Grigg & Kogan, 2019; J. L. Stella & Croney, 2016), and
problems are commonly stress-related (Amat et al., 2016). When examining all
problematic behaviours together, some shared associations with environmental
factors have been found. For example, problematic behaviour has been reported
most often in cats acquired from pet shops (Amat et al., 2009; Grigg & Kogan,
2019) and in declawed cats (Grigg & Kogan, 2019; Martell-Moran et al., 2018).
Problematic behaviours were reported less frequently in cats that had access to
outdoors in two cross-sectional studies (Amat et al., 2009; Naderi et al., 2011). In
addition, playing with the cat five or more minutes decreased the number of
reported behavioural problems in another cross-sectional study (Strickler & Shull,
2013). Owners that had knowledge about feline behaviour reported less
problematic behaviour than owners with poorer education (Grigg & Kogan, 2019),
and also owners with a high score in Neuroticism reported that their cat had
problematic behaviour more often than owners with a lower Neuroticism score
(Finka et al., 2019). Moreover, the number of reported problems correlated with
the use of aversive training methods (Grigg & Kogan, 2019), and in dogs, the use
of positive punishment has been concluded to increase the risk of problematic
behaviours (Ziv, 2017). Additionally, previous literature suggests that some breeds
are more vulnerable to specific problems than others (J. W. S. Bradshaw et al.,
1997; Overall & Dunham, 2002; Sawyer et al., 1999; Vapalahti et al., 2016), but
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making conclusions based on the existing studies is hard as they have had
different breed compositions.

2.4.1 Common problematic behaviours in cats

Aggressive behaviour and house soiling are the most reported forms of
problematic behaviours in cats (Amat & Manteca, 2019; Bamberger & Houpt,
2006). Other known forms of problematic behaviours in cats are, e.g., abnormal
repetitive behaviours, such as excessive grooming. The prevalence of fearfulness
as a problematic behaviour is likely underrepresented, because the owners rarely
recognise fear-related behaviour in cats (Karn-Buehler & Kuhne, 2021), and
owners do not consider fearfulness as irritating as other types of problematic
behaviours (Normando et al., 2022).

Fearfulness is one of the traits studied in this thesis. Fear is a normal
emotional response, which purpose is to get the animal to avoid potentially
dangerous situations and activities (Dias et al., 2013). Thus, as a personality trait,
fearfulness is a continuous trait, which can turn problematic if the fear is
excessive, prolonged, or generalised in nature (Dreschel, 2010; Puurunen et al.,
2020). The excessive and prolonged fear which does not necessarily have a
specific object of threat is called anxiety (Dias et al., 2013). In dogs, individuals
with a sever fear or anxiety disorder have been suggested to have even a shorter
lifespan than dogs without that diagnosis (Dreschel, 2010). In cats, fearful
behaviour includes freezing, trying to escape, and hissing, for example (Stanton et
al.,, 2015). If a fearful cat cannot escape the fear-eliciting stimulus, fear can
develop into aggressive behaviour (Rodan, 2010). The source of fear can be, e.g.,
unfamiliar people, conspecifics, or novel situations. Furthermore, separation
anxiety is a fear-related problem, which is studied more comprehensively in dogs
but exists also in cats (de Souza Machado et al., 2020; Yamada et al., 2020).
Previously found associations of different factors with fearfulness have been
presented in Chapter 2.3.1.

Another form of problematic behaviour studied in this thesis is aggressive
behaviour, which can be described as a behaviour which purpose is to cause harm
to another individual (Weinshenker & Siegel, 2002). Usually, threatening to do so
is also considered as aggressive behaviour. Like fearfulness, aggressiveness is a
continuous trait, and the threshold for pathological aggressiveness is ambiguous.
Aggressive behaviour in cats include growling, spitting, chasing, baring teeth, and
biting, for example (Stanton et al., 2015). Its motivation can be fear, frustration,
maternal behaviour, predation, resource defence, or it can be petting-related
(Amat & Manteca, 2019; Weinshenker & Siegel, 2002). Aggression can be directed
toward different subjects, such as the owner, family members, strangers, familiar
cats, unknown cats, or dogs. Aggression toward family members is an especially
serious problem, and may result in euthanasia of the cat (Amat & Manteca, 2019).
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In addition to the reasons mentioned previously in Chapter 2.3.1., common causes
for aggressive behaviour are unknown cats, loud noises, lack of stimulation, pain,
and different health problems, such as hyperthyroidism, liver dysfunction, and
epilepsy (Amat et al., 2008; Amat & Manteca, 2019; Hart & Hart, 2013a).

The next investigated problem in this thesis is house soiling. House soiling,
sometimes referred to as inappropriate elimination, includes both urination and
defecation outside an owner-designated elimination place, although the latter is
less common (Amat et al., 2009; Herron, 2010). House soiling is likely the least
tolerated problem among owners (Normando et al., 2022). House soiling with
urine can be further separated into marking behaviour (sometimes referred to as
spraying) and latrine behaviour (sometimes referred to as inappropriate
urination) (Barcelos et al., 2018). In theory, the marking behaviour serves the
purpose of intra-specific communication and the latrine behaviour emptying the
bladder and bowel (e.g., Herron, 2010). In practise, separating the two behaviours
is challenging as the ultimate motivation for the behaviour cannot be asked from
the cat. Although latrine behaviour usually happens on horizontal surfaces and
marking on vertical surfaces, this rule is not a completely reliable way to differ
these behaviours (Barcelos et al., 2018).

Previous literature reports numerous associations with house soiling and
examined factors. Older age has been associated with house soiling in many
studies (Barcelos et al., 2018 (marking only); Duffy et al., 2017; Normando et al.,
2022), and some studies have found that house soiling is more common in intact
cats (Hart & Hart, 2013b) and male cats (Pryor et al., 2001; Strickler & Shull,
2013). In the study of Tamimi and others (2015) having and outdoor access was
associated increased house soiling, but another study disagrees with this result
(Normando et al., 2022). Several health problems can cause house soiling (Carney
et al., 2014; Herron, 2010; Neilson, 2004) and they should be eliminated before
making an assumption of a behaviour-based problem (Herron, 2010). However,
house soiling is also more common in highly anxious cats (Normando et al., 2022)
and marking in less relaxed cats (Barcelos et al., 2018). In addition, litterbox
related factors and litterbox management, such as the cleaning and litter type,
have been associated with house soiling (Ellis et al., 2015; Herron, 2010). It has
been noticed that the tolerance of poor litterbox management varies between
individual cats (Herron, 2010). Some studies have reported house soiling to be
more prevalent in multicat-households (Barcelos et al., 2018; Duffy et al., 2017;
Pryor et al., 2001), which may be related to cleaning issues or conflicts between
the cats. Moreover, house soiling is one of the typical signs of in separation-related
problems in cats (de Souza Machado et al., 2020).

Lastly, abnormal repetitive behaviours (ARB) are quite rare problems, and
their prevalence varies between 4.3-11.4% (Naderi et al., 2011; Tamimi et al.,
2015). The most common ARBs in cats are feline hyperesthesia syndrome (FHS),
psychogenic alopecia, excessive grooming or self-mutilation, wool sucking, and
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pica (the consumption of unusual or non-food items)(Amat et al., 2016; Overall &
Dunham, 2002; Tamimi et al.,, 2015). In this thesis, we focus on excessive
grooming, which includes frantic licking and self-mutilation, such as pulling out
hair (Overall & Dunham, 2002). In many cases, excessive grooming is not an ARB,
but a sign of a health problem (S. L. Bennett & Khan, 2021), such as skin diseases,
parasites, or pain (Beale, 2012; S. L. Bennett & Khan, 2021; Tilley & Smith, 2016).
Other causes for excessive grooming are mostly unknown, but Ahola and others
(2017) discovered that cats weaned after the age of 14 weeks exhibited less
excessive grooming than cats weaned earlier than this. Moreover, in the same
study, two different ARBs, wool sucking and excessive grooming, correlated with
the cat’s shyness and aggressiveness (Ahola et al.,, 2017). Similarly to other
problematic behaviour, excessive grooming can be induced by environmental or
social conflict, frustration, or stress (Luescher, 2003; Overall & Dunham, 2002).
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3 Aims of the study

The overall aims of this thesis were to study the structure of feline behaviour and
personality with a reliable and valid survey (study I) and identify potential risk
factors that associate with common problematic feline behaviours: fearfulness,
aggression toward humans, excessive grooming (study II), and house soiling
(study III). This thesis hypothesises that the cat’s personality and behaviour
consist of several traits and that multiple risk factors will associate with studied
problematic behaviours. The specific steps were the following:

1. Design and develop a feline behaviour and personality online survey for data
collection from Finnish cat owners. In addition to behavioural section, the survey
will include comprehensive background and health sections.

2. Study behaviour and personality structure by utilizing explorative factor
analyses.

3. Validate the survey and founded traits with comprehensive set of reliability and
validity measures.

4. Identify potential risk factors for common problematic behaviours from over 30
variables using generalized linear models with model selection. Identify potential
risk factors for common problematic behaviours from over 30 factors concerning
demographical, environmental, and health variables as well as personality and
behaviour traits. This will be done by utilizing generalized linear models with
model selection. The importances of the founded associating risk factors will be
estimated by calculating relative and absolute importance.
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4 Materials and methods

4.1 Ethical statement

The study was conducted according to the guidelines of the Declaration of
Helsinki and approved by the University of Helsinki Viikki Campus Research
Ethics Committee (February 11, 2019). Informed consent was obtained from all
respondents.

4.2 The survey and data collection

We developed a feline behaviour and personality survey based on the previous
behavioural surveys. One of the most important sources was the Fe-BARQ (Feline
Behavioural Assessment and Research Questionnaire)(Duffy et al., 2017). Those
survey items in the Fe-BARQ had been selected based on a comprehensive
literature review concerning full spectrum of cat behaviour and behavioural
problems and the list was then commented by five experts on cat behaviour (Duffy
et al., 2017). We modified the items to be more suitable for Finnish cat population,
as, for example, in Finland declawing and selling cats in pet shops are illegal. We
also translated the statements to Finnish to avoid possible misunderstandings, as
the majority of the Finnish people are not fluent in English. To improve the survey
further, we invited nine cat behaviour, welfare, and health experts such as
veterinarians and breeders, to review and comment on the survey. The final
version of the survey included three sections: behaviour, background, and health
(Supplementary Material, study I (Mikkola, Salonen, Hakanen, et al., 2021)).

The behaviour section consisted of 138 statements in a randomized order.
Answering options for these statements were “strongly disagree”, “somewhat
disagree”, “neither agree nor disagree”, “somewhat agree”, “strongly agree” and “I
do not know”. The background section included questions about the time before
the cat’s weaning and about the current physical and social environment. The
health section listed common health issues in cats, and the owner was asked to
choose the ones their cat had. Choosing a health issue opened up additional
questions about the severeness and frequency of the problem. The survey was
published on the Petsofi platform (Petsofi Ltd) and signing up on the platform was
obligatory to participate in the study. The mandatory information for registering
included the owner’s email address, first name, last name, and country.
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Furthermore, they could fill in, e.g., the official name and nickname of their cat,
cat’s gender, breed, date of birth, registry ID, and registry (FIFE, CFA, TICA or
WCF).

Our target group were adults who currently owned one or multiple cats. We
advertised the survey in a pet fair, on our social media pages, and in cat magazines
(Figure 3) with the help of cat and breed organizations, such as Suomen Kissaliitto
ry (a Finnish cat association). In addition, we developed an automatic behaviour
and personality report for study participants to boost study participation.

Osallistu kayttaytymistutkimukseen ja opi
lisda kissasi persoonallisuudesta.

Tutkimuksen tavoitteena on oppia ymmartamaan
kissojen kdyttdytymista ja parantaa niiden
hyvinvointia.

Kayttdytymiskyselyn vastausten perusteella kissallesi
luodaan persoonallisuusprofiili ja voit verrata kissasi
profiilia rodun ja kaikkien kissojen keskimaaraisiin
tuloksiin.

Osallistumisohjeet:

1) Rekisterdidy Petsofiin osoitteessa petsofi.fi

2) Lisaa kissasi painikkeella “Lisaa eldin” ja tayta sen tiedot

3) Klikkaa kissasi kuvaa ja klikkaa Analyysit-osiossa kohtaa
“Kissojen persoonallisuuskysely”

Tutkimus on toteutettu Kissojen geenitutkimus-
ryhmassa Helsingin yliopiston ja Folkhalsanin
tutkimuskeskuksen alaisuudessa.

W weom & folkhilsan Kl

Figure 3 An example of an advertisement published in Finnish cat magazines. Photo: Daria
Minaeva — shutterstock.com. Design: Milla Salonen.

The data collection started in March 2019 and ended in September 2020. In
addition to this dataset, we collected two other datasets to evaluate test-retest
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(Jan—Nov 2020) and inter-rater (Aug—Jan 2021) reliabilities. For those, we
contacted the owners who participated in the study 1—3 months ago via email and
asked them to answer the behaviour section again or ask an adult person living in
the same household to answer this section about the same cat. From the second
raters, we also asked how long they had known the cat. The answering options

were “less than 3 months”, “3—6 months”, “6 months to 1 year”, “1—5 years”, and
“over 5 years”.

4.3 Subjects

We collected data of 4492 cats. After excluding duplicates or entries with
insufficient data, e.g., high individual-level missingness in the behaviour section
(>20%), we ended up with the final sample size of 4316 cats for the study I. In
addition to cats being alive during the participation, we also included cats that had
deceased less than three months before the time of participation. For the studies
II and III, we also needed the background and health information of the cat. Due
to missing data, some entries had to be excluded. Therefore, the datasets in the
studies II and III included fewer cats, 3255 and 3048, respectively.

The study population included cats from 56 different breeds as well as house
cats and mixed-breed cats. To achieve meaningful group sizes, we had to combine
the data of some breeds. The combining of breeds was based mostly on the breeds’
shared genetic history (Gandolfi et al., 2018; Lipinski et al., 2008; Menotti-
Raymond et al.,, 2008). The landrace cats in this study are cats derived from
locally adapted Finnish cat populations and (should) not have breed ancestry. The
landrace cats were divided into short- and longhaired landrace cats, as their
sample size enabled that distinction, even though they can be born in the same
litter. The “house cat” group included house cats (non-purebred cats with a
purebred ancestor or apparent breed-specific characteristics) and mixed-breed
cats. Finally, the “other breeds” group included breeds that were not easily
combined with any other breeds and had only few individuals (N < 34). The same
categorization was used in all studies.

Almost half of the cats were females (49%) (studies I-III). The majority of the
cats were sterilized or neutered (~70%, study I), or sterilized, neutered, or were
being administered medical contraception (~90%, studies II and III). The mean
age was 6 years, the youngest cat was three months old and the oldest was 22
years old (studies I-III).

4.4 Construction of explanatory variables

The basic information of the cat, i.e., breed and sex, were taken from the cat’s
profile information during study I. We calculated the age based on the cat’s date of
birth and the date the behaviour section was answered. In the cases where the cat
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had already deceased, the age was calculated based on the date of death. These
variables were utilized in studies IT and III as well.

We formed 17 new variables for study II. These variables were named
hormonal status, number of siblings, socialization to humans, socialization to
animals, place where the cat was acquired from (acquisition place hereafter), main
reason for getting the cat, food type, feeding style, number of large scratching
trees, number of small scratching trees, playtime frequency, type of outdoor
access, average number of days the cat is left alone during the week, hobbies,
number of other cats in household (other cats in household hereafter), owner’s
previous cat experience/ownership, and time since last vet visit. For study III, we
utilized some of these existing variables and formed nine new ones, i.e., age at
sterilization, number of litter boxes, living space, dogs in a family, children in a
family, urinary tract disease, diseases causing excessive drinking, intestinal
disease, and musculoskeletal disease. We had to transform some initially numeric
variables, such as the number of small scratching trees, to categorical variables as
they had remarkably high missingness. For the same reason, we also had to
combine some groups and questions to new variables.

Socialization to humans variable was a combination of two questions: “how
often the cat met unfamiliar adults at the age of 0—12 weeks” and “how often the
cat met unfamiliar children at the age of 0—12 weeks”. It had four possible
categories “poor” (the cat met both unfamiliar adults and children on a couple of
occasions or not at all); “moderate” (the cat met unfamiliar adults weekly or daily,
but children on only a couple of occasions or not at all, or vice versa, or one
question was left blank while the response to the other question was weekly or
daily); “good” (the cat met both unfamiliar adults and children weekly or daily);
and “unknown” (both questions were unanswered or the response to one question
was not at all while the other question was left blank).

Type of outdoor access variable was transformed from a multiple-choice
question. The options to choose from were “freely unsupervised”, “freely
supervised”, “on a leash”, “in a fenced backyard or outdoor cage”, “on a balcony”,
and “my cat does not have access to the outdoors”. This was simplified to
categories: “none” (cat did not have access to the outdoors), “balcony” (cat only
had access to a balcony), “on a leash” (cat had access to the outdoors only while on
a leash or had access both on a leash and to a balcony), “in a cage or freely
supervised” (cat had access to the outdoors in a fenced backyard, outdoor cage, or
freely but supervised, with or without access to a balcony or on a leash), and
“freely unsupervised” (cat had access to the outdoors freely unsupervised, with or
without any other access type).

Acquisition place variable had the categories “rescue”, “breeder”, “previous
owner”, and “born in the household”. The “rescue” group included cats adopted
from an Animal Welfare Association/shelter as rescues, as well as cats obtained
directly from barns, streets etc. Main reason for getting the cat variable had the

29



%

categories “family member”, “pet”, and “breeding/show/work”. Only few cats were
taken primarily to work (= hunt rodents). Other cats in the household was initially
a numeric variable, but it was transformed to the categories “none”, “one other”,
“two other”, and “three or more other”. Another initially numeric variable,
children in the family, was transformed into a binary variable and therefore had
the categories “yes” and “no”.

Time since last vet visit variable described the time since last veterinarian visit
and had the categories “less than 6 months ago”, “6—12 months ago”, “1—2 years
ago,”, and “over 2 years ago”. Also, cats that had never visited a veterinarian (N =
14) or whose owners had not filled the health section, were placed in the “over 2
years ago” category.

Hormonal status variable had two categories “intact” and “sterile” (includes
both physically and chemically sterilized cats). In study III, we used age at
sterilization variable instead of hormonal status, as previous literature has
hypothesized that age of sterilization can affect house soiling (Spain et al., 2004).
Age at sterilization included the categories “intact”, “less than 4 months old”, “4
months—1 year old”, “over 1 year old”, and “unknown”.

Health information of the cat was simplified to a health problems variable for
study II that had three categories: “yes” (at least one of the selected problems was
severe and potentially influenced the daily life and behaviour), “no”, and
“unknown” (the health section was not filled). The diseases and severeness that
led to the categorization of a cat into “yes” or “no” categories are explained in the
Supplementary Table of the study II (Mikkola et al., 2022). For study III, we
wanted more specific health variables as some health problems, such as urinary
tract infections and diabetes, may cause house soiling (Horwitz, 1997). Thus, we
formed the variables urinary tract disease, diseases causing excessive drinking,
intestinal disease, and musculoskeletal disease. All health variables included the
categories “yes, “no”, and “unknown” (cats missing the health information). More
detailed explanations of the explanatory variables can be found in previous
publications (Mikkola et al., 2022, 2023; Mikkola, Salonen, Hakanen, et al.,
2021).

4.5 Statistical analyses

4.5.1 Personality and behaviour structure, validity, reliability, and
breed differences (study I)

We performed an explorative factor analysis (EFA) to reduce the large number of
behaviour statements into biologically meaningful traits using polychoric
correlation matrices. We tested that the dataset was appropriate for EFA with the
Kaiser-Meyer-Olkin test for sampling adequacy and with Bartlett’s test of
sphericity from the package psych (Revelle, 2021). We estimated the optimal
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number of factors with the scree test, parallel analysis, Velicer’s minimum average
partial (MAP) test, and by extracting structures with 1 to 11 factors (Goldberg’s
hierarchical tree). Because some cats had missing data, we used mean imputation.
Rotation was not used. The dataset used here included 4316 cats.

We calculated correlations between the first and second times of answering to
evaluate test-retest reliability, and the intraclass correlation coefficients (ICC) to
evaluate inter-rater reliabilities. ICC can be measured in different ways and the
suitable versions for our study design were ICC(1,1) (each subject is rated by
different a rater, reliability calculated from a single measurement) and ICC(1,k)
(each subject is rated by different a rater, reliability calculated from the mean
ratings of k raters) (Revelle, 2021; Shrout & Fleiss, 1979). Next, we removed
unreliable items (statements) based on their reliabilities. There are no established
guides for the cut-offs of test-retest and inter-rater reliabilities, and thus, we
decided to remove only the items with ICCs close to zero (ICC(1,1) < 0.08, ICC(1,k)
< 0.13). The test-retest correlations were acceptable for the rest of the items, so no
item were removed due to poor correlation. The removed items can be found in
the Supplementary material of Mikkola and others (2021).

Then, we removed non-loading items (< |0.3|) one by one, constantly re-
running the factor analysis after removing an item, as suggested in the study of
Maskey and others (2018). After this, we estimated the internal consistency, test-
retest reliability, and inter-rater reliability for the final factor structure. We
estimated the factors’ internal consistency with Cronbach’s alpha and Guttman’s
lambda.

We used the correlation-preserving factor score estimation method (method =
“tenBerge”) to calculate scores for individual cats and utilized these scores in
convergent validity testing and later analyses. In convergent validity testing, we
formed hypotheses based on the previous literature. We hypothesized, for
example, that male cats had more litterbox issues, but were less fearful than
female cats (Ahola et al., 2017; Hart & Hart, 2013b; Strickler & Shull, 2013). All
hypotheses are shown in study I (Mikkola, Salonen, Hakanen, et al., 2021).

Lastly, we studied whether the breed groups differed in factor scores using
Kruskal-Wallis tests in the study I. The significance cut-off P-value was set at P <
0.05, and all P-values were corrected for false discovery rate (FDR) with
Benjamini-Hochberg procedure (Benjamini & Hochberg, 1995). All statistical
analyses above were conducted in R (R Core Team, 2021), utilizing the package
psych (Revelle, 2021).

4.5.2 Model selection of fearfulness, aggression toward humans,
and excessive grooming (study Il)

We used generalized linear models (GLM) to examine associations of personality
and behaviour traits, demographic variables, and environmental variables with
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fearfulness, aggression toward humans, and excessive grooming. We selected this
approach as the studied traits were non-normally distributed, and therefore,
linear regression was not appropriate. Using GLMs with multiple explanatory
variables in the same model enables the observation of their independent
influence on the studied traits. The most suitable distribution, which was the
gamma distribution with the log-link function, was selected based on visual
inspection of residual using the packages rcompanion (Mangiafico, 2019) and
boot (Canty & Ripley, 2021). The dataset used in this study (II) included 3255
cats, and the personality and behaviour scores were based on the factor scores
from study I.

We had a high number of explanatory variables. Therefore, we used 5-fold
cross-validation to find the most important variables for each problematic
behaviour. We divided the initial dataset into five smaller subsets, which each
included ~80% of the cats ( N = 2603—2605) using the package caret (Kuhn,
2021). The best models for each dataset were selected using the forward stepwise
Akaike Information Criterion (AIC) approach utilizing the package airGLMs
(Niskanen et al., 2021). The base model included sex, age, and breed. Additionally,
the potential two-way interactions between variables were included in the model
selection. Altogether, we obtained five models for each trait, i.e., fearfulness,
aggression toward humans, and excessive grooming. From these models, we
selected only the variables occurring in every model of the specific trait. The
number of explanatory variables was still high; thus, we inspected their relative
influences in the models with generalized boosted regression models from the
package gbm (B. Greenwell et al., 2020). Instead of P-values, generalized boosted
regression models report relative influences for the explanatory variables in the
models. We noticed that some variables, e.g., hormonal status and hobby in the
fearfulness model, had very low relative influences, and we decided to exclude
them from the final models.

4.5.3 Model selection of house soiling and litter box fussiness
models (study lll)

We decided to conduct a new EFA for statements related to the house
soiling/litterbox issues, instead of using the existing litterbox issues factor,
because we wanted to study the problem in more detail. The statements included
to this new analysis were: cat urinates in inappropriate places, sprays indoors,
defecates in inappropriate places indoors, refuses to use the litter box if it is dirty,
does not want to use the same litter box as other cats in the household, and prefers
specific types of cat litter. Before the EFA, we excluded individuals with over 20%
missingness in total in the remaining statements, which led to a dataset of 3048
cats.
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We conducted the EFA in a similar way as in the study I. Therefore, we started
with testing the appropriateness of our dataset for explanatory factor analysis, by
a polychoric correlation matrix, without the use of rotation, and we used mean
imputation for missing data. Similarly, the optimal number of factors was
selected utilizing the scree test, parallel analysis, Velicer’s minimum average
partial (MAP) test, and by extracting structures with 1 to 3 factors (Goldberg’s
hierarchical tree). The structure with two factors was the best. The first factor,
house soiling, consisted of three items: cat urinates in inappropriate places, sprays
indoors, and defecates in inappropriate places indoors. The second factor,
litterbox fussiness, also included three items: cat refuses to use the litter box if it is
dirty, does not want to use the same litter box as the other cats in the household,
and prefers specific types of cat litter. The “TenBerge” estimation method was also
used here to extract factor scores for individual cats.

We had a high number of potential explanatory variables (N = 34), thus, to
exclude the least important ones, we calculated their relative influences both for
all selected statements independently and for the two factors, using the package
gbm (B. Greenwell et al., 2020). We excluded variables with a relative influence of
less than one in any of the models before the next model selection phase.

Similarly to study II, we utilized generalized linear models to identify the
explanatory variables that had associations with studied traits. Again, both factors
were non-normally distributed, and we found a more suitable distribution for
them (the gamma distribution with the log-link function) with the packages
rcompanion (Mangiafico, 2019) and boot (Canty & Ripley, 2021).

Next, we performed the repeated train-test validation by randomly splitting the
data five times into training (50% of data) and testing (50% of data) datasets with
the package caret (Kuhn, 2021), resulting in ten smaller datasets (N = 1524—
1525). Then, we performed a forward stepwise AIC model selection utilizing the
package airGLMs (Niskanen et al., 2021) for each dataset and both factors. Here,
the base model included only sex and age. We calculated the number of times each
variable was included in the models and formed the final models for both traits by
only including variables that were included in at least 90% of the models.

4.5.4 Model fit and extraction of the results (studies Il & Ill)

We assessed the model fit of each final model carefully, starting with the
examination of the linearity of continuous variables with generalized additive
models using the package gam (Hastie, 2020). In the fearfulness model, the
explanatory variables age, litterbox issues, excessive grooming, and aggression
toward humans did not meet the linearity assumption. In the aggression toward
humans model, the variables age, excessive grooming, litter box issues, and
sociability toward cats did not meet the assumption. In the excessive grooming
model, the age, aggression toward humans, and litter box issues did not meet the
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assumption. In house soiling model, age and sociability toward cats did not meet
the assumption. Finally, in litter box fussiness model, age, fearfulness, and
activity/playfulness did not meet this assumption. For the variables that did not
meet this assumption, we added both linear and quadratic variables to the models
and inspected the models’ linearity again. This decreased the linearity of some
variables further, thus, we did not add them as quadratic in the final models. For
example, in the fearfulness model we added the litterbox issues and aggression
toward humans as both linear and quadratic variables (litterbox issues2 and
aggression toward humans?) but did not do this to the excessive grooming for the
reason given previously.

Next, we visually examined the residuals of the final models and inspected the
presence of heteroscedasticity with the packages rcompanion (Mangiafico, 2019)
and boot (Canty & Ripley, 2021). We searched possible outliers with the packages
broom (Robinson et al., 2021), dplyr (Wickham et al., 2021), and ggplot2
(Wickham, 2016). Several outliers were found, and we compared the model with
and without them. The results of any models did not markedly differ, and the
observations were real, so we kept them in the data. Then, we evaluated
multicollinearity of the explanatory variables with the variance inflation factor
(VIF) using the package car (Fox & Weisberg, 2019) and assessed the general fit
with the Durbin-Watson test using the package Imtest (Zeileis & Hothorn, 2002).

Finally, we performed an analysis of variance (ANOVA) to obtain the overall
effect of the explanatory variables with the package car (Fox & Weisberg, 2019).
We also calculated the estimated marginal means for categorical and binary
variables using the package emmeans (Lenth, 2021), and obtained the means and
confidence limits of the continuous variables using the package effects (Fox, 2003;
Fox & Weisberg, 2019). P-values were corrected for false discovery rate and the
significance cut-off P-value was set at P < 0.05.

4.5.5 Importance of the variables (studies Il & ll)

We wanted to evaluate the importance of the variables included in the models and
thus, we inspected the relative effect size with variance-based variable importance
utilizing a feature importance ranking measure approach from the package vip (B.
M. Greenwell & Boehmke, 2020). The variable importance was scaled, and the
most important variable in each model therefore reached a score of 100. In
addition, we calculated the partial Cohen’s f2 to inspect absolute effect sizes using
the package effectsize (Ben-Shachar et al., 2020). Effect sizes for the study II were
calculated after the publication, thus the results are not part of the publication
itself and are shown only part of this thesis. All analyses for studies I and II were
made in R 4.1.1 and for the study III in R 4.1.2 (R Core Team, 2021).
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5 Results

5.1 Behaviour and personality structure, reliability, and
validity

The factor structure with seven factors was the most consistent and it accounted
for 43% of the variance in behaviour and personality. Based on the items loading
into the factors, we named the factors activity/playfulness, aggression toward
humans, sociability toward humans, sociability toward cats, excessive grooming,
and litterbox issues (Table 2).

Table 2 Feline personality and behaviour traits with the loading items. ltem names are abbreviated
from the original statements. Items listed first had the highest absolute loadings and
the last had the lowest loadings (from up to down and left to right). Items with

loadings 2|0.3| were considered as loading. + = positive loading, — = negative loading.
N =4316.
Fearfulness
+ Escapes or hides from unfamiliar people + Is easily scared even by small,
— Is comfortable and relaxed among people in unexpected things and sounds
social gatherings + Freezes when examined or treated by a
— Always greets unfamiliar adults visiting your veterinarian
home in a friendly manner + Shows restlessness or fearfulness when
+ Does not approach people visiting his/her unfamiliar objects are introduced into the
home right away home
— Is comfortable and relaxed when being petted ~ — Seems confident at home
by unfamiliar people + Runs or hides when hearing a sudden or
— Appears comfortable when playing with loud noise coming from outside the house
unfamiliar people + Shows restlessness or fearfulness when
— Always greets unfamiliar children visiting your ~home is modified
home in a friendly manner + Hides or escapes when a household
— Seems comfortable and confident in unfamiliar Member prepares to leave
places outside the home + Growls or hisses at unfamiliar adults
+ Runs or hides when hearing a sudden or loud  + Growls or hisses when an unfamiliar
noise coming from inside the house person tries to touch or pet him/her

+ Stares intensely at unfamiliar people
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Activity/playfulness

+ Stalks, chases or pounces on moving objects
+ Runs around in the house while playing

+ Active, does not spend long time idle

+ Carries small objects or toys in his/her mouth
+ Initiates interactive play with people

+ Enjoys jumping and climbing to high places
+ Gets excited about new toys

+ Plays fetch with people

+ Gets excited when looking at birds or other
small animals at the window

+ Often exhibits sudden bursts of running
(“zoomies”)

+ Quickly finds new ways to get attention
+ Chases or follows shadows or lights

+ While playing, always chases and ambushes
other household members playfully

+ Chases rodents, birds, insects or other
small animals

+ Reacts to the video or sound coming from
the TV or computer screen

+ Rests or sleeps in elevated places

+ Quickly learns to associate separate
things

+ Walks to the hallway/next to front door
when a household member prepares to
leave

+ Moves elegantly and gracefully

+ Always comes to the hallway/next to front
door when a household member arrives
home

+ Chases or hunts imaginary objects

+ |s persevering, persistent and
determined. Does what he/she wants even
if he/she is told not to

Aggression toward humans

+ Attempts to scratch or bite when his/her nails
are clipped

+ Attempts to scratch or bite when given
medicine by a familiar person (this do not
include vets)

+ Growls or hisses when given medicine by a
familiar person (this does not include vets)

+ Growls or hisses when his/her nails are
clipped

+ Attempts to scratch or bite when examined or
treated by a veterinarian

+ Growls or hisses when petted at the base of
the tail

+ Attempts to scratch or bite when being
brushed

+ Attempts to scratch or bite when petted at the
base of the tail

+ Attempts to scratch or bite (in a non-playful
way) when petted on the belly

+ Unexpectedly scratches or bites when
petted

+ Growls or hisses when examined or
treated by a veterinarian

+ Growls or hisses when an unfamiliar
person tries to touch or pet him/her

+ Growls or hisses when approached by
human while in possession of prey

+ Chases or bites people's moving legs or
feet (in a non-playful way)

+ Growls or hisses at unfamiliar adults

+ Attempts to scratch or bite a familiar cat
when the familiar cat is staring, growling, or
hissing at him/her

+ Squirms and tries to escape when picked
up and held in arms

Sociability toward humans

+ Often seeks out physical contact from people
+ Always purrs when petted

+ Purrs when sitting on someone’s lap (has
jumped up voluntarily)

+ "Talks" to people

+ Human-oriented: Enjoys the company of
people more than the company of other cats
+ Reacts to different events and stimuli by
vocalizing

+ Shows restlessness when a household
member prepares to leave the home

+ Comes when called

+ Shows restlessness when a member of
the household shows affection to another
pet

+ Vocalizes when left alone at home

+ Tends to lie on newspapers or other
things that are being used by people

+ Shows restlessness when a member of
the household shows affection to a person
— Squirms and tries to escape when picked
up to the lap of a sitting person




Sociability toward cats

+ Seeks company of other cats in the household
+ Seeks physical contact from other cats
+ Enjoys playing with other cats

+ Gets along well with other cats in the
household

— Growls or hisses when approached by a
familiar cat in a favourite resting place

— Human-oriented

— Growls or hisses at a familiar cat when
the familiar cat is staring, growling, or
hissing at her/him

— Attempts to scratch or bite a familiar cat

when the familiar cat is staring, growling, or
hissing at him/her

Excessive grooming

+ Shows excessive and intensive grooming
throughout the day

+ Exhibits self-mutilation

+ Exhibits sudden frantic licking or chewing
his/her body

Litterbox issues

+ Urinates (crouching position) in inappropriate
places

+ Defecates in inappropriate places indoors

+ Refuses to use the litter box if it is dirty

+ Does not want to use the same litter box than
the other cats in the household

+ Sprays (standing position with tail raised
vertically and vibrating) indoors

+ Prefers specific types of cat litter

We evaluated the internal consistency with both Cronbach’s alpha and
Guttmann’s lambda 6. Cronbach’s alpha varied from 0.60 (litterbox issues) to
0.90 (fearfulness) and Guttmann’s lambda 6 from 0.60 (excessive grooming) to
0.93 (fearfulness) (Table 3). Test-retest reliabilities varied from 0.69 (excessive
grooming) to 0.92 (aggression toward humans) and inter-rater reliabilities from
0.75 ICCy (aggression toward humans) to 0.93 ICCyk (excessive grooming).

Table 3 Internal consistency, test-retest reliability, and inter-rater reliability of feline behaviour and
personality factors. ICC = intraclass correlation coefficient. N = 4316.

Test-retest

Internal consistency reliability Inter-rater reliability

Cronbach  Guttman’s
Factor ’s alpha lambda 6 Correlation ICC11 ICC1x
Fearfulness 0.90 0.93 0.91 0.65 0.79
Activity/playfulness 0.84 0.87 0.89 0.65 0.78
Aggression toward humans  0.83 0.88 0.92 0.61 0.75
Sociability toward humans  0.70 0.76 0.82 0.71 0.83
Sociability toward cats 0.83 0.86 0.78 0.72 0.84
Excessive grooming 0.66 0.60 0.69 0.87 0.93
Litterbox issues 0.60 0.61 0.81 0.83 0.91
Mean 0.77 0.79 0.83 0.72 0.83
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We formed 25 hypotheses to test the survey’s convergent validity and met 22 of
them. The rejected hypotheses were 1) male cats have more litterbox issues than
females, 2) cats living in multicat households have more litterbox issues than
single cats, and 3) cats with owner-reported problematic behaviour are less social
toward humans than other cats. To assess the discriminant validity, we studied the
factor correlations and found only one moderate correlation, which occurred
between sociability toward cats and aggression toward humans (-0.31). Based on
these estimates, we can say that the survey was both valid and reliable. Therefore,
we decided that the further use of the survey and the collected data is justifiable
and meaningful.
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5.2 Factors associated with problematic behaviours

We found several associations between studied problematic behaviours and risk
factors. Some of them were problem-specific, but the majority were associated
with more than one problem (Figure 4).
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Acquisition place
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Socialization to animals
Socialization to humans
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Figure 4 Studied explanatory variables in the model validation processes of the feline
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0.05.



5.2.1 Personality and behaviour correlates

Personality and behaviour traits correlated greatly with each other. Especially,
fearfulness correlated with all other problematic behaviours. The correlations
were positive; when the fearfulness score of the cat increased so did aggression
toward humans, excessive grooming, house soiling, and litterbox fussiness scores.

Activity/playfulness correlated positively with aggression toward humans, and
litterbox fussiness. As an explanatory variable, aggression toward humans
correlated positively with fearfulness and excessive grooming. Sociability toward
humans correlated negatively with fearfulness and aggression, but positively with
excessive grooming. Sociability toward cats correlated negatively with aggression
and house soiling. Excessive grooming correlated positively with fearfulness and
had a nonlinear association with aggression.

Litterbox issues correlated positively with fearfulness and had nonlinear
associations with aggression and excessive grooming. House soiling score
correlated positively with fearfulness and negatively with sociability toward cats.
Finally, the litterbox fussiness score correlated positively with fearfulness and
activity/playfulness.
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5.2.2 Environmental factors of behaviour

5.2.2.1 Early life conditions

Several environmental factors associated with studied problematic behaviours.
Some of the early life factors, i.e., socialization to humans, animals, siblings, and
acquisition place associated with fearfulness and aggression toward humans. Cats
with poor or moderate early life socialization to humans during the socialization
period (at 0—12 weeks of age) were, on average, more fearful than cats with good
socialization (Figure 5A). In addition, rescue cats were more fearful than cats
obtained from a previous owner, from a breeder, or cats still living in their birth
home (Figure 5B). Interestingly, cats obtained from a previous owner were less
fearful than cats taken from a breeder (Figure 5C). However, cats acquired from a
previous owner were more aggressive toward humans than cats acquired
elsewhere. We found no associations of socialization to animals or siblings
variables with problematic behaviours.
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Figure 5 Association of A) socialization to humans, and B) acquisition place with fearfulness,
and C) acquisition place with aggression toward humans. Error bars indicate 95%
confidence limits. N = 3255.

5.2.2.2 Current environment & environmental enrichment

Factors focusing on the current social environment, i.e., number of other cats in
the household, dogs or children in a family, associated with some of the
problematic behaviours as well. Cats living with three or more cats were less
fearful than cats living with one cat or as the only cat (Figure 6A). In addition, cats
living with one or two other cats were less aggressive than cats living as the only
cat (Figure 6B). We examined the possible associations of children and dogs in the
family only in the study III, and found that the existence of children, but not dogs,
associated with increased litterbox fussiness (Figure 6C).

41



A o B 15 c
w —
o B o 101 2 10
8 1 %g %
2 c® 051 2905-
£ 25 <8
£ 7 i Y7
% O g gg 004...%....... S — % v — E .....
L < - E
05 =
_1- 1 1 1 1 _0-5__|_|_
e & 2 ¢ & &b o
Sl & af g ¢
o&v‘i& s ® g° Children in
A 2} the family
Other cats Other cats

Figure 6 Association of A) fearfulness, and B) aggression toward humans with the number of
other cats in the household, and C) litterbox fussiness with children in the family. Error
bars indicate 95% confidence limits. N = 3255 (A & B) and 3049 (C).

In addition, the type of outdoor access associated with fearfulness and
excessive grooming. Cats going outdoors on a leash or freely unsupervised were
less fearful than cats with access only to a balcony, outdooring freely supervised,
in a cage, or not having an access at all. Moreover, cats with an access to an
outdoor cage, going outdoor freely unsupervised, or supervised exhibited less
excessive grooming than cats with access only to a balcony, outdoor on a leash or
without any access type.

Associations of the number of litterboxes were examined in study III, but not
in study II. Number of litterboxes was included in the final model of house soiling,
but after the correction of P-values for FDR, only one statistically significant
contrast remained: cats in the households with only one litterbox exhibited less
house soiling than cats in the households with four or more litterboxes.

Finally, the results suggested that playtime frequency may associate with house
soiling; we noticed a trend that playing with a cat less than weekly was associated
with a higher chance of house soiling compared to playing with a cat several times
during a day (P = 0.055). Living space and the factors hobby, large scratching
trees, small scratching trees, feeding style, food types, and days the cat is left alone
during the week did not associate with any of the problematic behaviours.
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5.2.2.3 Owner & health-related factors

Owner’s primary reason for getting the cat was associated with fearfulness as cats
obtained for breeding, cat shows, or to work were less fearful than cats acquired as
pets or family members. Owner's previous cat experience or ownership did not
associate with any of the problematic behaviours.

Time since the last vet visit was associated with aggression toward humans:
Cats that were taken to a veterinarian more than two years ago or never scored
higher than cats taken to a veterinarian under one year ago (Figure 7A). In
addition, cats taken to a veterinarian one to two years ago scored higher in
aggression than cats taken to a veterinarian less than six months ago. Moreover,
cats that had health problems exhibited more excessive grooming than cats
without them (Figure 7B), but the health status did not associate with fearfulness
or aggression toward humans. In study ITI, we used urinary tract disease, diseases
causing excessive drinking, intestinal disease, and musculoskeletal disease
variables, instead of the health problems variable. From those, we found only one
significant association: Cats with urinary tract disease history scored higher in
house soiling than cats without them (P < 0.001)(Figure 7C).
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Figure 7 Association of A) time since last vet visit with aggression toward humans, B) health
problems with excessive grooming, and C) house soiling with urinary tract disease.
Error bars indicate 95% confidence limits. N = 3255 (A & B) and 3036 (C).

5.2.3 Demographic factors of behaviour

Age of the cat was associated with two of the behaviours. Cats around eight years
of age had the highest score in fearfulness (Figure 8A) and the probability to
exhibit litterbox fussiness increased with age (Figure 8B). No associations with
aggression toward humans, excessive grooming, or house soiling were found.
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Furthermore, sex of the cat was associated with three of the problematic
behaviours, but no sex differences were found in excessive grooming or litterbox
fussiness. Female cats had higher scores in fearfulness and aggression toward
humans than males (Figures 8C and D), but males exhibited more house soiling
than females (Figure 8E).

In addition, hormonal status of the cat was not associated with fearfulness,
aggression, or excessive grooming (study II), but the age at sterilization was
associated with house soiling (study III). Intact cats exhibited more house soiling
than cats sterilized at under one year of age: the largest difference existed between
intact cats and cats sterilized at under 4 months of age (Figure 8F). No difference
was found between intact cats and cats sterilized later than this, or in litterbox
fussiness.
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5.2.4 Breed differences

We found statistically significant differences between breed groups in all traits
(study I). No other variables than the breed was taken into account in the
personality and behaviour scores in the study I. The most social breeds toward
other cats were Oriental, Burmese, and Korat (Figure 9A) and toward humans
were Siamese & Balinese, Burmese, and Oriental (Figure 9B). Turkish Van was the
least social breed toward other cats, and Persian & Exotic, European, American
Curl, and British toward humans. The most active breeds were Bengal and
Abyssinian, and the least active breeds were Persian & Exotic and Ragdoll (Figure
90).

In the study IT additional variables, such as the environmental variables,
affected the cat’s fearfulness, aggression toward humans, and excessive grooming
scores. Therefore, the order of the breed groups is somewhat different between
the studies I and II in those traits. In fearfulness, Russian Blue was the most
fearful breed and Abyssinian the least fearful in both studies (Figure 10A, study
II). Likewise, the Turkish Van was the most aggressive breed toward humans and
American Curl the least aggressive in both studies (Figure 10B, study II). In
contrast, Siamese & Balinese exhibited excessive grooming the most in the study
I, but Ragdoll in the study II (Figure 10C, study II).

Breeds that exhibited the most litterbox issues in study I were Norwegian
Forest cat, Turkish Van, and Bengal, and the least Korat (Figure 9D). In study III,
where we formed two new litterbox issue factors, house soiling and litterbox
fussiness, we found breed differences only in house soiling (Figure 10D). The
breed scoring the highest in house soiling was Bengal and the lowest were Siberian
and Neva Masquerade.
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Figure 10 Associations of the A) fearfulness, B) aggression toward humans, C) excessive
grooming, and D) house soiling with breed/breed group, when also other variables have
been taken into account. Error bars indicate 95% confidence limits. N = 3255 (A, B & C)

and 3036 (D).

5.2.5 Importance of the variables

In the fearfulness model, the most important explanatory variable both relatively
and absolutely, was sociability toward humans (Table 4). It also reached the
suggested Cohen’s cut-off value for a small effect size (f2 = 0.02) with the breed
group variable (Cohen, 1988). In the aggression toward humans model, the most
important variables, i.e., excessive grooming, sociability toward cats, and breed
group, also reached small effect sizes together with the relatively less important
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variable, fearfulness. In the excessive grooming model, the relatively most
important variable, sociability toward humans, did not reach a small effect size,
but aggression toward humans, litterbox issues, and breed group variables did. In
the house soiling model, the relatively most important variable was sociability
toward cats, and in the litterbox fussiness model, activity/playfulness. All
variables in these two models failed to reach the cut-off for small effect size, but
the one reaching the closest was the breed (f2 = 0.019). None of the variables in
any models reached the suggested Cohen’s cut-off values for medium (f2 = 0.15) or
large (f2 = 0.35) effect sizes (Cohen, 1988).

Table 4 Scaled variance-based variable importance (SV) and Cohen’s f2 estimates of the
variables explaining feline problematic behaviours. Cohen’s f2 estimates that reached
the suggested cut-off value for small effect size (f2 = 0.02) are bolded.

Aggression Excessive

Fearfulness SVIf? toward humans SVIf? grooming SVIf?
Sociabilit i Sociabilit

octabiity 100/0.056  CXcessive 100/0.04  oCMY 100/0.015
tow. humans grooming tow. humans

A .
Age 69/0.014  Sociability tow. cats  99/0.036 99 cooO" 97/0.024
tow. humans

A .

ggression 53/0.012  Breed 87/0.054  Litterbox issues  95/0.024
tow. humans

Sociability tow.
Breed 44/0.033 - 63/0.011  Age 63/0.001
umans

Excessive 43/0.007 Activity/playfulness ~ 60/0.012  Fearfulness 60/0.009
grooming
Litterbox issues  33/0.014 Fearfulness 60/0.021 Breed 60/0.021
2 TEEEE 22/0.018  Litterbox issues 001 PO 31/0.008
getting cat outdoor access
Socializati

octalization —46/0.01 Age 24/0.001  Health problems ~ 30/0.019
to humans
g\l‘;%‘é's'm” 16/0.009  Acquisition place  20/0.006  Sex 6/0.001
Type of Time si

ypeo 14/0.017 Ime since 14/0.007
outdoor access last vet visit
Other cats Other cats
in household 11/0.008 in household 10/0.004
Sex 5/0.003 Sex 5/0.002
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Litterbox

House soiling  SV/f? fussiness SVIf?
Sociabilit

oclabitly 100/0.008  Activity/playfulness  100/0.015
tow. cats

Breed 82/0.019 Age 83/0.008
Fearfulness 58/0.005 Fearfulness 67/0.009
Age of 43/0.006  Children 24/0.007
sterilization

Age 41/0.001 Sex 4/0.0002
Urinary 38/0.009

track disease

Playtime 28/0.004

frequency

Number of 21/0.003

litterboxes

Sex 15/0.003
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6 Discussion

This thesis examined the personality and problematic behaviour of a popular
companion animal, the domestic cat. Large data utilized in these studies were
collected with a self-designed, validated and reliability-tested survey, using citizen
science, through cat owners participating in the research by answering the survey.
The studies produced new knowledge for researchers, cat owners, breeders, and
other people engaged with and interested in cats.

Study I inspected the structure of feline behaviour and personality, breed
differences of over 26 breeds/breed groups and estimated the survey’s reliability
and validity with good results. Five personality and two behaviour traits were
found; therefore the first hypothesis was met. Found personality traits,
playfulness/activity, fearfulness, aggression, sociability toward humans, and
sociability toward cats, parallel previous studies, corroborating the selected
methodology. Two behavioural traits, litterbox issues and excessive grooming, are
known problems in cats, demonstrating that the survey did not only catch
differences in personality but also in behaviour. The valid and reliable survey used
in the studies could be utilized in future studies, to help researchers to collect
high-quality behavioural data. Breed profiles can guide prospective cat owners to
the most suitable breeds for them, which can help to find their perfect cat.

Studies IT and IIT examined the relationship of over 30 factors with common
problematic traits in cats, i.e., fearfulness, aggression toward humans, excessive
grooming, house soiling, and litterbox fussiness. Several demographic and
environmental risk factors for the problems were found, thus, the second
hypothesis was met. Associations of some of the factors, such as time since last vet
visit, main reason for getting the cat, and children in a family with the problematic
behaviours were never investigated before. In addition, several other factors, e.g.,
personality traits, socialization to humans and acquisition place, were examined
only in a few previous studies. Thus, the results revealed many new associations,
highlighting that personality greatly associates with problematic behaviours,
especially fearfulness and both sociability traits. Finally, the findings partly
replicated previous studies; the association between sex and fearfulness was
found, for example. The findings additionally yielded new information to
previously examined, but controversial subjects, such as the possible effects of
hormonal status and the number of other cats in the household. The thesis
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findings might help to prevent problematic behaviours or to treat them, and the
findings can therefore be utilized by veterinarians as well as breeders and owners.

Compared to previous cross-sectional feline behaviour, personality, and risk
factor studies, this thesis has some advantages. The survey and the structure of
behaviour and personality were tested for validity and reliability more
comprehensively than any other feline behaviour and personality study carried
out previously. Moreover, the previous risk factor studies have mainly used
univariate models or simplified multivariate models, which inadequately control
for confounding factors, when analysing their data. Sample sizes were also larger
than in most of the previous studies.

Even though the survey was tested for validity and reliability, the studies in this
thesis have limitations. For example, some survey items may have been irrelevant
for the cat behaviour, or on the other hand the list may have lack some relevant
items for the cat behaviour, which have not been yet recognized by humans. The
data used in the studies were based on an owner-completed survey, thus, the
ratings were based on owners’ perceptions that are subjective. The owners could
have had, for example, an opinion on how the cat from a specific breed should
behave, which is a source of bias. We also need acknowledged, that the interraters
lived in the same household with the main raters, and therefore, were not
independent. Even thought, they were asked not to discuss about the survey items
with the main raters, they have probably been discussing about the cat behaviour
previously, which likely influenced their opinions. The method we used to test the
survey’s convergent validity is problematic as well as most of the studies we based
our hypotheses on were not validated, and there for could have been misleading.
This was, however, the only available way to measure it at that time.

In addition, some information, such as the birthday of the cat, can have some
inaccuracy as owners may have not known the exact day, influencing the age
variable. The dataset was a convenience sample and thus, the study population
may not represent the whole Finnish cat population. For example, not every
person is eager or able to participate in internet-based surveys. Furthermore,
health problems and diseases we studied were only based on the problems
reported by the owners. Therefore, cats’ health status was not evaluated by
veterinarians and cats may have had some unreported health problems, which can
affect the behaviour.

To utilize the information from the background and health sections
statistically, we needed to simplify them in many cases. For example, originally
numerical information of some variables was transformed into class variables, and
we also had to combine certain categories together to reach reasonable group
sizes. Despite this, the group size of Turkish Van breed was low in studies IT and
III (N = 34). Due to multicollinearity between some variables, e.g., hormonal
status and age at sterilization, we had to drop some of them from the model
selection process. In addition, some questions, such as the questions considering
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the socialization period, had high missingness and we failed to use the
information more precisely. The achieved results in studies II and III are
associations rather than causations as the studies were cross-sectional. In the
future, the causal effect of the identified factors should be studied with different
study approaches, such as longitudinal and multidisciplinary methods, including
combining genetics and microbiomics with behaviour ratings. Our studies
included mainly Finnish cats, therefore, the findings may not be applicable to all
cats globally, and the future studies should cover multiple countries with different
cultures to see how generalized the findings are.

6.1 The structure of feline personality and behaviour

We found seven personality and behaviour traits, which we named fearfulness,
activity/playfulness, aggression toward humans, sociability toward humans,
sociability toward cats, excessive grooming, and litterbox issues. Previous feline
behaviour studies have not found the same exact structure for
personality/behaviour, but many of them have found similar traits. The found
fearfulness trait presents the boldness-shyness axis which is one of the most
studied personality traits in animals (Réale et al., 2007). Previous studies have
used, for example, the term shyness (Ahola et al., 2017; Salonen et al., 2019) or
neuroticism (Arahori et al., 2016, 2017; Litchfield et al., 2017) to describe a similar
trait. Our activity/playfulness trait resembled traits previously named
extraversion (Litchfield et al., 2017) and openness (Arahori et al., 2016, 2017). A
similar trait to aggression toward humans is sometimes named roughness
(Arahori et al., 2016, 2017). Previously used synonyms for sociability toward
humans are human non-social (reverse-scored) (Ha & Ha, 2017), friendliness
(Arahori et al., 2016, 2017), and amiability (P. C. Bennett et al., 2017). Sociability
toward cats parallel previously found traits cat social (Ha & Ha, 2017), aggression
toward other cats (reverse-scored) (Ahola et al., 2017; Salonen et al., 2019),
familiar cat aggression (reverse-scored) (Duffy et al., 2017), and dominance
(reverse-scored) (Litchfield et al., 2017).

The last two traits, excessive grooming and litterbox issues can be considered
more behavioural than personality traits, thus they have not been examined in
most previous personality studies. Similar traits have only been reported in few
previous personality and behavioural structure studies: in two other studies from
the Finnish cat population (excessive grooming) (Ahola et al., 2017; Salonen et al.,
2019) and in Fe-BARQ where litterbox issues were divided to factors named
inappropriate elimination and elimination preferences. In Fe-BARQ (Duffy et al.,
2017), on which our survey was mostly based on, the personality and behaviour
structure consisted of 23 traits. When comparing their structure to ours, we can
summarise that our individual traits included several of their traits, for example,
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our fearfulness trait consisted mainly of the same statements as their sociability,
stranger-directed aggression, and fear of novelty traits.

The results are highly dependent on the used methodology. For example, the
data collection approaches and statistical methods used in the previous studies
differ from each other and the studies in this thesis. For example, some studies
used a principal component analysis instead of EFA (Ahola et al., 2017; Duffy et
al., 2017; Salonen et al., 2019), a rotation (Arahori et al., 2017; Duffy et al., 2017;
Ha & Ha, 2017; Litchfield et al., 2017), or their items were adjectives instead of
statements (Arahori et al., 2017; Ha & Ha, 2017; Litchfield et al., 2017).
Additionally, in Fe-BARQ the criticized Kaiser criterion (including all factors with
eigenvalues > 1.0) (Howard, 2016; Preacher & MacCallum, 2003) was used to
determine the number of extracted factors, compared to our study in which the
scree test, parallel analysis, MAP test, and Goldberg’s hierarchical tree were used
to extract the optimal number of factors. These differences likely explain the
remarkable difference in the extracted traits between our study and the Fe-BARQ.
In conclusion, comparison between studies is somewhat difficult due to different
methodologies. Despite the methodological differences, some traits were
surprisingly similar compared to previous studies. Thus, it seems that the
personality structure in cats includes at least the dimensions related to
aggressiveness, fearfulness, and sociability.

6.2 Reliability and validity of the survey

Overall, the reliability and validity of the survey and factors were good. Internal
consistency was acceptable, with a mean of 0.77, and most traits, excluding
excessive grooming (0.66) and litterbox issues (0.60), reached the suggested cut-
off value of 0.70 for Cronbach’s alpha (Litwin, 2003; Tabachnick & Fidell, 2014).
Cronbach’s alpha is strongly affected by the length of the scale (Jones, 2008), and
as these traits included only a few items, which is one possible explanation for
lower values. Previous feline personality and behaviour studies have reported
Cronbach’s alpha values from 0.50 to 0.94 (Arahori et al., 2016, 2017; P. C.
Bennett et al., 2017; Duffy et al., 2017; Litchfield et al., 2017), and previous dog
studies from 0.60 to over 0.90 (Salonen et al., 2021).

Inter-rater reliability was also good, as all traits exceeded the preferable cut-off
value of 0.60 (Cicchetti, 1994), ranging from 0.61 to 0.87, with a mean of 0.72
ICC(1,1). We found only one previous feline personality study, which evaluated the
inter-rater reliability with ICC: The inter-rater reliabilities of that study ranged
from 0.31 to 0.55 ICC(3,1)(Gartner et al., 2014). In dog studies, the inter-rater
reliability has ranged from 0.07 to 0.98 (Jakuba et al., 2013; Jones, 2008; Ley et
al., 2009; Posluns et al., 2017; Salonen et al., 2021; Turcsan et al., 2018), and in
human and animal personality studies, the mean interobserver agreement has
been around 0.50 (Gosling, 2001).
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Test-retest reliability was similarly good, as correlation between two
timepoints ranged from 0.69 to 0.92, with a mean of 0.83. Correlations that
exceed 0.70 indicate good test-retest reliability (Litwin, 2003). In one previous
feline personality study, the test-retest reliability estimates varied between 0.63
and 0.76 (Arahori et al., 2016). We found no other feline personality studies which
had reported test-retest reliability, but in previous dog studies, the estimates have
ranged between 0.70-0.94 (Jones, 2008; Salonen et al., 2021).

Interestingly, aggression toward humans had the lowest inter-rater reliability
and the highest test-retest reliability. The low inter-rater reliability may indicate
that family members do not handle the cat with equal frequencies, thus, some
family members may avoid the situations where the cat usually behaves
aggressively, e.g., during brushing. However, it is also possible that cats act
differently toward different members of the family, allowing other members to
handle them more than others. High test-retest reliability suggests that the trait is
stable, thus, it can be considered part of the cat’s personality. In contrast,
excessive grooming had the highest inter-rater reliability and the lowest test-retest
reliability. This opposite trend may indicate that the behaviour is easy to recognise
when it happens, but that the behaviour is more periodic, and therefore not a
stable personality trait but a behaviour trait.

The convergent validity of the survey was tested with 25 hypotheses, based
mainly on previous studies. Only three of them were not met. We first
hypothesized that males would have more litterbox issues than females (Hart &
Hart, 2013b; Naderi et al., 2011; Strickler & Shull, 2013), and second that multicat
households would have more litterbox issues than single-cat households (Barcelos
et al., 2018). These previous studies had, however, studied only house soiling, and
our litterbox issues trait also included aspects of substrate preference and
cleanliness. The third unmet hypothesis addressed sociability toward humans, in
which we hypothesized that cats with owner-reported problematic behaviour
would have lower sociability toward humans than cats without reported
behavioural problems (Duffy et al., 2017). As we met majority of our hypotheses,
and the unmet ones were based only on a few previous studies, we can conclude
that the convergent validity of our survey was good.

The discriminant validity of the survey was estimated by examining the
correlations between factors. We found only one, previously non-reported
negative correlation between sociability toward cats and aggression toward
humans, indicating good discriminant validity. Although named to sociability
toward cats, this trait included also items related to aggression toward cats and at
least one previous study has found a correlation between aggression toward
humans and cats (Salonen et al., 2019), which may explain this correlation.

Although the reliabilities of the factors were good, some of the individual
items, such as “readily adapts to changes in environment or daily routines” and
“growls or hisses when being brushed” were not that reliable. Those items were,
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however, excluded before the final factor analysis. In the future, those statements
should be deleted from the survey or reworded to make them clearer for the
participants. In addition, the survey could be validated further with behavioural
tests. As many previous studies lack validity and reliability measurement entirely
or have used different reliability estimates the comparison of results is
challenging. Summarizing, our survey is the most reliability and validity tested
feline behaviour and personality survey currently available for the scientific
researchers.

6.3 Factors associating with problematic behaviours

6.3.1 Personality and behaviour traits & problematic behaviour

We identified several factors associating with targeted behaviours, i.e., fearfulness,
aggression, excessive grooming, house soiling, and litterbox fussiness (studies IT
and III). Fearfulness in particular was associated with other problematic
behaviours, as fearful individuals were more aggressive and exhibited more often
excessive grooming, house soiling, and litterbox fussiness. Similar correlations
have been reported in previous studies (Ahola et al., 2017; Barcelos et al., 2018;
Feaver et al., 1986; Normando et al.,, 2022; Porters et al.,, 2014). Aggressive
behaviour caused by fear is a known phenomenon in cats (Amat & Manteca,
2019), which likely explains the first connection. For the rest of the connections,
unmanageable stress can be a possible explanation. Both excessive grooming and
litterbox issues can be induced by trauma or feeling stressed (Herron, 2010;
Luescher, 2003; Nilson et al.,, 2022; Overall & Dunham, 2002), and we can
hypothesize that fearful individuals might be more sensitive to change and other
potential sources of stress, thus experiencing unmanageable stress or anxiety
more often than non-fearful individuals.

Interestingly, high sociability toward humans was not only beneficial (study
IT). Highly human social cats were less fearful and less aggressive toward humans,
which is found previously (Feaver et al., 1986), but they exhibited more excessive
grooming than less human social cats. This result may suggest that highly human
social cats are also more dependent on human company. Thus, highly social cats
may feel more stress when separated from humans than less human sociable
individuals. In fact, excessive grooming is one of the signs of separation-related
problems in cats (de Souza Machado et al., 2020; Schwartz, 2002).

Other interesting behavioural comorbidities were that activity/playfulness
correlated positively with aggression toward humans and litterbox fussiness. In
cats, another common cause of aggression toward family members is misdirected
predatory behaviour (Amat & Manteca, 2019), which may explain the connection
between activity/playfulness and aggression. Therefore, these cats may benefit
from additional stimulation, such as appropriate play, and the owner should avoid
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playing roughly with the cat as it can increase the misdirected predatory
behaviour (Amat & Manteca, 2019). Association with the litterbox fussiness was
novel and required more research, but it may indicate that active cats use
litterboxes more often, thus, the litterbox may need more frequent cleaning than
the boxes of less active individuals. These founded behavioural comorbidities may
be caused a shared genetical or neurological background between the traits, for
example.

6.3.2 Early life socialization & other environmental factors
contribute to problematic behaviour

Many environmental and demographical factors were associated with cat
behaviour and thus, we focus on only some of them in the Discussion: namely,
early life conditions, social environment, health, age, sex, and hormonal status.

Early life conditions seem to be important for the cats’ later personality, as
poor socialization as a kitten and being a rescue cat associated with higher
fearfulness. The socialization status of a large proportion of the rescue cats was
unknown, although likely poor, as they usually have only little or not at all contact
with humans before adoption. Few previous studies have investigated the effect of
socialization on cat behaviour. These studies examined socialization in shelter-
and laboratory-reared cats, but they similarly suggest that handling kittens during
the early socialization period (0—12 weeks of age) is beneficial (Casey & Bradshaw,
2008b; Lowe & Bradshaw, 2002; McCune, 1995). In Finland, the majority of the
purebred cat kittens leave the breeder and their mother and move to their new
homes at the age of 14 weeks and thus, socialization should already start in the
breeder’s care. Based on our results, it seems that allowing the kittens to meet
unfamiliar children and adults at least weekly is beneficial for the development of
the kittens.

In addition, there was a significant difference between acquisition places as
cats taken from breeders were more fearful than cats acquired from previous
owners, which was a novel finding. However, the majority (~90%) of the pre-
owned cats were missing the socialization to humans information. Without
including other explanatory variables, pre-owned cats had a higher mean score in
fearfulness than cats obtained from breeders. Cats obtained from previous owners
were, however, more aggressive than cats acquired elsewhere. Aggressive
behaviour is a common reason for relinquishing a cat (Salman et al., 2010), so
aggressive behaviour could have been the reason for the previous owner searching
for a new home for the cat. Acquisition place did not associate with excessive
grooming, house soiling, or litterbox fussiness. Unlike in most countries, in
Finland, selling cats in pet shops is illegal. Thus, this source of acquisition should
also be considered in international studies.
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Factors related to the current social environment, such as other cats,
associated with problematic behaviours as well. As the ancestor of the cat, the
African wildcat, is a solitary species, it is argued whether the cat enjoys the
company of other cats or just tolerates them. In our studies, cats living alone or
with only one other cat were more fearful than cats living with multiple cats.
Similarly, Yamada and others (2020) found an association that group living may
benefit fearful cats. This might indicate that cats feel safer in the company of
(familiar) cats, as in a group, the detection of potential threats is more efficient.
Another possibility is that fearful cats feel more confident around non-fearful cats,
although this interaction is not yet tested. On the other hand, Menchetti and
others (2018) noticed that the number of other cats correlated negatively with
fearfulness (items: fearful), but positively with neuroticism (items: aggressive,
shy, independent) score (Menchetti et al., 2018). Additionally, the found
association may indicate that the owners of fearful cats may not want to take
another cat, as they may think that the fearful cat would not cope with another cat,
or it has been acquired from a multicat household as it could not cope there.

Furthermore, we discovered that cats living without conspecifics were slightly
more aggressive toward humans than cats living with one or two other cats. There
was not a significant difference compared to cats living with three or more
conspecifics. This may indicate that having too many cats is not beneficial either,
or that the category “three or more cats” is too diverse. Paralleling our results,
several previous studies have reported less aggression toward human family
members or humans in general in multi-cat households (Ahola et al., 2017; Amat
et al.,, 2009; Amat & Manteca, 2019; Leech et al., 2022; Menor-Campos et al.,
2021; Normando et al., 2022; Yamada et al., 2020). Menchetti and others (2018)
also reported that sociability of the cat increased as the number of cats in the
household did, but it is unsure if the interactions between cats increased just
because the owner had more opportunities to witness those interactions
(Menchetti et al., 2018). The presence of other cats enables interspecific
communication and play, which likely are important for the majority of cats, thus
preventing aggressive behaviour arising from frustration or misdirected predatory
behaviour (Amat & Manteca, 2019). On the other hand, the associations we found
can indicate that the owners of fearful or aggressive cats may be unwilling to
obtain more cats, as they predict that the situation may worsen. Indeed, a previous
study noticed that getting more cats increased the probability of aggressive
behaviour between the cats (Elzerman et al., 2020), thus taking more cats can
either increase or decrease the overall welfare depending on the cat.

Interestingly, we found no associations between house soiling or litterbox
fussiness and the number of other cats in the household, unlike some previous
studies (Barcelos et al., 2018; Duffy et al., 2017; Pryor et al., 2001). One possible
reason for the absence of this association might be that we could not separate
marking and latrine behaviours from each other. However, we found that
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sociability toward cats associated negatively with house soiling, which likely is a
more important factor in our study than the number of other cats in the
household. Thus, the welfare of an unsocial cat might decrease from living in a
multicat-household, which might be seen as more prevalent house soiling events.

In addition to the number of other cats, the possible effect of dogs and children
on litterbox issues were investigated in study III. We found that in families with
children, cats exhibited more litterbox fussiness, but dogs did not associate with
the problems. Children are a known stressor for cats, as they might pursue cats
(Herron, 2010), for example. Additionally, in the household with children, the
owners may clean the litterboxes less often as the children keep them occupied.
Furthermore, in a previous study, owners with children had less anxious
attachment toward their cats than childless owners (Stihl et al., 2023). This may
affect the quality of the care the cat receives, as more anxiously attached owners
may be more concerned about their cat’s welfare and therefore monitor the cat’s
behaviour and environmental quality more consistently.

Healthcare associated with problematic behaviours as well. Cats that had last
seen a veterinarian over two years ago or never were more aggressive than cats
that had visited a veterinarian less than one year ago. Thus, it is possible that
aggressive behaviour in some of the cats could be caused by an undiagnosed
health problem or pain, which are possible reasons for aggressive behaviour in
cats (Amat & Manteca, 2019; Mills et al., 2020). As the recognition of pain in cats
is challenging, especially for non-professionals (Monteiro et al., 2023), such as
common cat owners, yearly health checks by a professional are recommended
(Vogt et al., 2010). On the other hand, owners of aggressive cats may avoid visits
to a veterinarian as they know their cat will behave aggressively (Karn-Buehler &
Kuhne, 2021) and thus, avoid these uncomfortable situations.

Health problems may cause or increase excessive grooming and house soiling.
Existence of one or more owner-reported health problems associated with
excessive grooming. This is not surprising as excessive grooming can be a sign of
numerous health problems (Beale, 2012; Tilley & Smith, 2016), which is more
common than excessive grooming caused purely by compulsion. In study III, the
history of having a urinary tract disease associated with higher house soiling,
replicating the results of Horwitz (1997)(Horwitz, 1997). Surprisingly, the other
studied disease groups, i.e., diseases causing excessive drinking, intestinal
disorders, and musculoskeletal diseases did not associate with litterbox problems.
Not many previous studies have examined the effect of specific disease groups on
a large scale, because cats with health problems are usually excluded or their
diseases are treated before the actual comparison between the test and control
groups. One study that included disease-related factors did not find statistically
significant associations (N = 245) (Barcelos et al., 2018), but another study found
that having any health problem associated with house soiling (P-value < 0.001, N
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= 6096) (Normando et al., 2022). Thus, we argue that the prevalences of studied
problematic behaviours could be decreased by enhanced healthcare.

Age associated only with two of the problems, fearfulness, and litterbox
fussiness. The association with fearfulness was non-linear: cats around nine years
of age were the most fearful, and cats younger or older than this were less fearful.
Previous literature has reported that younger cats were less fearful than older ones
(Ahola et al., 2017; Yamada et al., 2020). Previous studies have reported that older
cats are also more aggressive toward strangers and other cats (Ahola et al., 2017),
thus, we expected to find an association between age and aggression toward
humans as well, but this was not the case. In addition, older cats exhibited more
litterbox fussiness than younger cats. It is possible that they have learned to
associate certain substrate types with negative experiences, such as pain during
urination, and as they have lived longer have had more opportunities to develop
some problems such as fussiness. However, we expected to find them to be more
prone to house soiling as well, as previous studies have reported older individuals
exhibiting it more (Duffy et al., 2017; Normando et al., 2022). Moreover, the real
effect of aging on problematic behaviour can be tricky to study as the problematic
individuals could have been euthanised at a young age. Thus, there should be
proportionally more old problematic individuals than can be seen in the studies,
and this can bias the results.

Sex of the cat associated with three problematic behaviours: fearfulness,
aggression toward humans, and house soiling. Males were less fearful and less
aggressive than females. This result disagrees with some of the studies (Lee et al.,
2007; Menchetti et al., 2018; Naderi et al., 2011; Tamimi et al., 2015), and agrees
with others (Ahola et al., 2017; Arahori et al., 2017; Wassink-van der Schot et al.,
2016; Yamada et al., 2020). Moreover, male cats exhibited more house soiling
than female cats, which parallels with previous literature (Hart & Hart, 2013b;
Pryor et al., 2001; Strickler & Shull, 2013). In free-ranging cat populations, both
males and females urine mark, but males do it more often (Feldman, 1994), which
may explain this connection.

Interestingly, we did not find hormonal status to associate with any of the
problems excluding house soiling, as previous studies have found sterilized cats to
be more aggressive and fearful toward strangers than intact cats (Ahola et al.,
2017; Arahori et al., 2017). In contrast, in a free-ranging population, the cats
became less aggressive after the sterilization in the absence of resources such as
shelter and food, but their aggressivity did not change in the presence of them
(Cafazzo et al., 2019). Previous literature about the subject is, however, scarce,
maybe because of the high number of sterilized cats. In our studies, the proportion
of sterilized cats was 70% and 90% when also including cats that were
administered medical contraception.

However, in house soiling the onset of sterilization mattered. Cats sterilized
later than one year old or not at all exhibited more house soiling than cats
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sterilized earlier than this. Previously, sterilization has been used successfully to
reduce or prevent urine marking in free-roaming cats (Cafazzo et al., 2019). Also,
another study reported that cats sterilized before 5.5 months of age had less
marking behaviour than cats sterilized at an older age (Spain et al., 2004).
However, a third study which compared cats sterilized at age 8 to 12 weeks to
those sterilized at 6 to 8 months did not find any difference between them (Porters
et al., 2014). Thus, it seems that sterilization before adulthood may reduce house
soiling, at least if it is motivated by marking behaviour.

6.3.3 Breeds differ in their behaviour & personality

Breed was significantly associated with every studied trait except litterbox
fussiness. We examined breed differences in study I without taking the effects of
other possible variables into account. In studies IT and III, we used more
complicated models to explain the studied traits, therefore including also other
variables, which affected the breeds’ mean values. However, when comparing the
orders of the breeds between studies I, IT, and III, they remained quite similar.
The largest difference that was observed when taking other variables into account,
was that the differences between the breeds in the traits' extreme ends were
smaller in studies IT and ITI than in study I. In general, most of the breeds did not
differ statistically in a pairwise comparisons, and the individual differences within
a breed were large (studies IT and III).

The most active/playful breeds were Bengal and Abyssinian, and the least
active breeds were Persian and Exotic, Ragdoll and British. This replicates the
results of some previous studies (Duffy et al., 2017; Salonen et al., 2019; Takeuchi
& Mori, 2009). In addition, Bengal showed the most predatory behaviour and
Persian the least in the study of Wilhelmy and others (2016)(Wilhelmy et al.,
2016). Bengal is a relatively new hybrid cat breed (Felis silvestris catus x
Prionailurus bengalensis) (Martos Martinez-Caja et al., 2021) and the “wild”
heritage may still affect their behaviour, i.e., activity level. However, Martos
Martinez-Caja and others (2021) did not find significant differences between
Bengals from generations Fi-F4 and F5 or later (Martos Martinez-Caja et al.,
2021). The least active breed group, Persian and Exotic, on the other hand, are
brachycephalic breeds. Brachycephalic breeds suffer from breathing issues more
often than non-brachycephalic ones (Farnworth et al., 2016). Problems related to
breathing have been associated with lower activity (Farnworth et al., 2016), which
might suggest that cats with breathing problems avoid unnecessary moving and
therefore are less active.

Some traits were not studied further in the studies IT and III: sociability
toward cats and sociability toward humans. Oriental shorthair and longhair,
Burmese, and Korat were the most social breeds toward cats and the Siamese and
Balinese, Burmese and Oriental the most social breeds toward humans. Previous

60



studies have reported that Oriental breeds and Abyssinians show aggression
toward other cats more likely than other breeds (Takeuchi & Mori, 20009;
Wilhelmy et al., 2016), thus these results differ from previous studies. However,
they greatly parallel the results of a previous study on the Finnish cat population
(Salonen et al., 2019), and in general, Oriental breeds have been perceived as
highly human depended and social.

Russian Blue was the most fearful breed in both studies (studies I and II).
Similarly, Russian Blues have had the highest probability of shyness toward
strangers and nervousness in two previous studies (Salonen et al., 2019; Takeuchi
& Mori, 2009). Moreover, Turkish Van exhibited the most aggression toward
humans in both studies. This breed has also been ranked as the most aggressive
breed in previous studies from the local cat population (Salonen et al., 2019;
Vapalahti et al., 2016), but this breed has not been included in comparative
behaviour studies outside of Finland. Therefore, it is unknown whether this trait
exists only in the Finnish Turkish Van population or whether it is a global
challenge. In dogs, there is evidence that same breeds differ regionally from each
other in their behaviour (Wan et al., 2009), but it is not known if the differences
arise from cultural differences or genetic differences. This may also be true with
cat breeds. However, the sample sizes of Turkish Van in studies I and II are very
small (N = 34 & 44), so the results might be somewhat biased.

The breeds that exhibited the most excessive grooming in study I were
Siamese/Balinese and Ragdoll. Similarly, Ragdoll showed this behaviour the most
in study II, but the average score of Siamese and Balinese was close to the average
of all cats. Usually, Siamese and Balinese are grouped into the same breed group
with Oriental short- and longhair, forming a group named “Oriental breeds”.
Although Oriental breeds showed a high probability of excessive grooming also in
a previous study from the local cat population (Salonen et al., 2019), the order of
the rest of the breeds is different. Interestingly, another study did not find a
difference in excessive grooming between Oriental breeds and other included
breeds (Wilhelmy et al., 2016). Thus, it seems that other factors are more
important in excessive grooming than the breed of the cat.

Furthermore, the association between feline litterbox issues and the breed was
investigated in the studies I and III. In the study I, the litterbox issues trait
included aspects of house soiling as well as substrate preference and cleanliness.
In the study III, the studied traits were house soiling and litterbox fussiness, but
we did not find breed differences in the latter. The breeds exhibiting the most
litterbox issues in the study I were Norwegian Forest cat, Turkish Van, and
Bengal. Bengal also exhibited most house soiling in the study III, followed by
breeds such as the landrace cat, Oriental, Norwegian Forest cat, and Persian and
Exotic. Similarly, previous studies have found similarly Bengal (Wilhelmy et al.,
2016) and Persian (Amat et al., 2009; Wassink-van der Schot et al., 2016) to be
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more prone to house soiling. In contrast, some previous studies did not report
breed differences in this trait at all (Naderi et al., 2011; Takeuchi & Mori, 2009).

The most prevalent breed in our data was the landrace cat, which we divided
into short- and longhaired cats. Even though both are born to the same litters, we
found differences in personalities between the short- and longhaired landrace
cats. Interestingly, longhaired cats exhibited more aggression toward humans and
were less fearful than shorthaired cats. We can only hypothesize reasons for this
difference. Longhaired cats are more likely to develop tangles and brushing them
out can be painful to the cat, thus, causing more frequent situations to show
aggressive behaviour. Additionally, there could be a genetic link between genes
affecting fur length and genes affecting behaviour in landrace cats.

In summary, although previous studies have different breed compositions, the
results were similar for the breeds present in all studies (Amat et al., 2009; Duffy
et al., 2017; Hart & Hart, 2013b; Salonen et al., 2019; Takeuchi & Mori, 2009;
Tamimi et al., 2015; Wilhelmy et al., 2016). The existing breed differences may
indicate a genetic component underlying differences in personality, but owners
can also have assumptions about the breed’s behaviour and personality, which
may bring bias to the results. In addition, the body language of some breeds, such
as the tailless Manx, and lop-eared Scottish Fold, might be harder to interpret.
Thus, further genetic research is needed to investigate the relationship of breed
with behaviour and personality.

6.4 Importance of factors

The importance of breed/breed group for personality and behaviour traits was
trait specific, as its relative and absolute importance were high in fearfulness and
aggression toward humans, but lower in excessive grooming and house soiling.
However, breed group reached at best, a small effect size according to the f2 cut-
offs (small = 0.02, medium = 0.15, large = 0.35) suggested by Cohen (1988)
(Cohen, 1988). A recent dog study (Salonen et al., 2023), which used a similar
methodology, reported that breed reached a small effect size in many personality
traits as well, including insecurity, which parallels fearfulness, and in
aggressiveness/dominance.

The strict following of Cohen’s f2 cut-offs can be, however, misleading as
personality traits often yield only small effect sizes, even though their effects are
cumulative and thus more important in the long-term than their effect size may
indicate (Funder & Ozer, 2019). According to Funder and Ozer (2019), the
estimates should only be compared with other well-understood findings (so-called
benchmarks), and not with arbitrary cut-offs. They also suggest that the
researchers should stop using the labels small, medium, and large (Funder & Ozer,
2019).
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Nevertheless, we additionally decided to compare our results with the
correlation cut-offs developed for individual differences researchers (small = 0.10,
medium = 0.20, large = 0.30) by Gignac and Szodorai (2016). Those cut-offs are
based on 87 meta-analyses from personality/individual difference publications
(Gignac & Szodorai, 2016), and they correspond to the Cohen’s f2 cut-offs 0.02,
0.05, and 0.10, respectively (Cohen, 1988; Salonen et al., 2023). According to
these cut-offs, the breed reached small effect sizes in fearfulness and excessive
grooming, and medium in aggression toward humans.

Personality traits were relatively the most important factors in all studied
traits. Sociability toward humans was the most important trait in fearfulness and
excessive grooming, and sociability toward cats in aggression and house soiling. In
fearfulness, sociability toward humans reached a medium effect size, and in
aggression, sociability toward cats a small effect size (according to newly
suggested cut-offs). Activity/playfulness was relatively important both in
aggression and litterbox fussiness but did not reach the cut-off for small effect
size. In addition, fearfulness and excessive grooming reached small effect sizes in
aggression.

Age was relatively the second most important factor in fearfulness and
litterbox fussiness, and the fourth in excessive grooming. Similarly, age was
among the most important factors explaining insecurity in the dog study of
Salonen and others (2023), but also in aggressiveness/dominance. However, they
did not study the effect of other personality traits. When considering only non-
personality traits, age was likewise the second most important factor in aggression
toward humans in our study. Age of sterilization had relatively mediocre
importance for house soiling. Neither age nor sterilization reached any of the
suggested effect size cut-offs. Moreover, the importance of sex was low. These
results parallel the results of a dog study of Salonen and others (2023). In
addition, both relative and absolute importance of the remaining factors, i.e.,
health, owner, environmental, and demographic factors were low.

We did not expect that any factors would explain a large portion of the variance
in problematic behaviours as they are known to be extremely complex. Previous
cat studies have not reported effect sizes but based on our studies it seems that the
most important factors for problematic behaviours are the cat’s breed and
personality traits, especially fearfulness and sociability.
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7 Conclusions

The research field of companion animal behaviour and personality is an important
but complex subject. In companion animals, problematic behaviour is a common
welfare issue. This doctoral thesis sheds light on the personality and problematic
behaviours of the domestic cat by examining the associations of multiple factors
with selected problems simultaneously. The focused problems in this thesis were
fearfulness, aggression toward humans, excessive grooming, and litterbox issues
(house soiling and litterbox fussiness). The studied explanatory variables included
factors related to personality, behaviour, early life conditions, current
environment, health, demographics, and genetics (breed), covering a wide range
of possible underlying factors.

Feline personality divided into five personality traits and two additional
behaviour traits. The personality dimensions fearfulness-boldness, sociability-
aggression, and activity-calm have been found previously in the cat and other
species, thus, the found structure shows great similarity with previous findings.
Especially, fearfulness is a trait that is very often studied and found in a diverse
spectrum of animal species. This may indicate that the fundamentals building
blocks of behaviour are similar throughout the animal kingdom.

This thesis utilized a large dataset, which was collected with an owner-
completed survey. Surveys are a common but debated method to collect
behavioural data as they can be subjective. Most of the survey studies still lack the
estimation for reliability and validity entirely. This is a concerning phenomenon as
unreliable data will yield unreliable results, which can lead to ineffective attempts
to solve problematic behaviours. Thus, testing the reliability and validity of the
survey comprehensively was a fundamental step for this thesis. Both reliability
and validity estimates were good and justified the further use of the data.
Furthermore, the validated survey could be utilized in future studies in different
cat populations.

Personality traits had the most important roles in problematic behaviours.
Fearfulness, in particular, seemed to be a remarkable personality trait that was
positively associated with all the other problematic behaviours. In addition, being
sociable was beneficially associated with most of the problems but increased the
probability to exhibit excessive grooming. Comorbidity between personality traits
was common, which is in line with previous studies. These findings suggest that
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personality traits are interconnected. The mechanism can be, for example, genetic
or neurologic, but the pathway cannot be solved based on this thesis.

Breeds showed notable differences in their personality, and some breeds
exhibited specific problematic behaviours more frequently than others. Different
cat breeds differ genetically from each other, thus existing breed differences give
more evidence for the inheritance of personality and behaviour traits. The
heritability of the problematic behaviours could indicate that their incidence could
be lowered in the cat population by making careful breeding choices, which
emphasises the importance of the breeding individuals’ personalities.

Demographic factors, such as sex and age, seemed to be less important risk
factors for problematic behaviours but the results suggest that sterilization before
the age of one year may reduce the probability of house soiling. Female cats
exhibited more fearfulness and aggression, but less house soiling than males,
which agrees with most of the previous literature. Also, human and dog females
tend to be more fearful and anxious than males, suggesting similar effects of sex
hormones in all these mammals. Furthermore, cats around eight years old were
the most fearful, which mainly agrees with the previous findings. Also in other
species, young animals tend to be more curious and less fearful than adult
individuals. Moreover, very old individuals tend to be calmer, maybe because not
many experiences are novel to them anymore, or because their movements are
restricted because of health problems or energy-saving strategies.

Numerous environmental factors were associated with the studied problems,
but their individual effects were smaller than the effects of personality or breed.
However, the results suggested that proper socialization as a kitten may decrease
fearfulness and having multiple cats may help to reduce fearfulness and
aggression. Based on these results, it seems that the social environment is
important during the development of the kitten as well as in adulthood. Moreover,
health issues associated with excessive grooming and house soiling, and a long
time since the last vet visit with aggression toward humans, reflect that they all
can be signs of health problems instead of being solely behavioural in origin. Thus,
proper health care, such as annual visits to a veterinarian, could help avoid these
problems. In conclusion, even though it seems that endogenous traits (personality
and genetics) play a big role in the development of problematic behaviours,
environmental factors also have an important role in the phenomena.

In summary, this thesis revealed new associations behind the domestic cat’s
problematic behaviours and replicated some previous ones. Some factors, such as
fearfulness, were associated with more than one problem and others were
problem-specific. The factors’ effect sizes were small in all problem behaviours,
which reflects the complex background of behaviour. Identification of the
predisposing factors enables changes in the rearing of cats’ and their current
environments, which may potentially prevent and treat problematic behaviour.
This could increase the welfare of both cats and their owners. However, as the
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studies of this thesis were cross-sectional, further longitudinal or prospective
controlled studies with international samples are needed to reveal the causality
and appropriateness of our findings.
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