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THESIS ABSTRACT 

This thesis investigated personality structure in a small, social carnivore, 

the domestic ferret (Mustela putorius furo). Given that several species-

specific behaviours are not well understood in ferrets, their underlying drivers 

were explored using personality as a predictor. Using a multi-modal approach 

of both owner-reported trait ratings and behavioural trait ratings, four distinct 

dimensions of personality appear to have emerged.  This framework of ferret 

personality was then subjected to numerous validity measures, including 

inter-rater reliability and test-re-test measures, to assess its reliability for 

future research and potential applications. Finally, the adaptive significance 

of personality in a domestic species was explored by examining the 

intercorrelations with biological parameters, such as morphology and 

physiology. 

For the first phase of this research, owner-reported trait ratings were 

collected using an online questionnaire consisting of 67 ferret traits 

(adjectives). Ferret owners (n = 743) then rated each trait on a Likert scale, 

according to how well they applied to their ferret(s). These were labelled as 

Subjective Ratings (SR). 

The next step was to conduct a series of standardised behavioural tests on 

a sub-sample of the ferrets (n = 137). In addition to behavioural coding of 

responses in these tests, such as frequency of some responses and proportion 

of time spent performing key behaviours, the researcher and an assistant also 

completed the same trait ratings as the owners, based purely on direct 

observations from the behaviour tests. These were labelled as Behavioural 

Ratings (BR). 

Principal components analysis (PCA) was then conducted independently 

on both the Subjective and Behavioural trait ratings. The two separate PCA 

analyses revealed four personality dimensions underlying both sets of ratings. 

Given that the traits groupings within each BR dimension were similar to the 

SR dimensions, they were afforded the same broad labels: SR Extraversion, 

BR Extraversion, SR Sociability, BR Sociability, SR Attentiveness, BR 

Attentiveness, SR Neuroticism, and BR Neuroticism.  

Despite the similarities in the traits that they encompassed, Pearson’s 

Correlation coefficients between the SR and BR dimensions were weak, 

indicating that they did not converge strongly. Given this lack of 
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convergence, both the SR and BR dimensions were explored individually in 

further analyses. 

It was found that all BR personality dimensions were strong predictors of 

several behavioural variables. From a biological perspective, these 

correlations provide good indication of construct and discriminant validity in 

the personality dimensions. To further investigate the validation of the coding 

method used, inter-rater reliability coefficients were calculated for the 

researcher and the assistant. These coefficients were found to be high, 

indicating strong reliability. Conversely, after readministering the 

behavioural tests to 10 of the ferrets, test-retest values were relatively low 

suggesting a lack of repeatability in ferret behaviour. 

The last stage of this research explored the potential heredity of personality 

by investigating correlations between the SR and BR ferret personality 

dimensions, and various morphological parameters including sex, coat 

colour, markings, total body length (mm), and head width-to-length ratio. It 

was confirmed that domestic ferrets are highly sexually dimorphic in all body 

measurements taken, with males being far larger than females. Only 

Neuroticism (both SR and BR) and Attentiveness were found to be 

significantly influenced by morphological parameters. These results suggest 

that personality and morphology are genetically linked to some extent which 

could suggest that the underlying mechanisms responsible for the adaptive 

significance of certain traits are still being maintained in domestic 

populations. 

Overall, this research has answered several fundamental questions 

regarding domestic ferret behaviour which may have important implications 

for the welfare of this popular companion animal. On a broader scale, we can 

use these results to make cross-species comparisons and further inform the 

discussion regarding the evolutionary and adaptive relevance of animal 

personality.  
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Chapter One: Literature Review 

1.1 Introduction: 

Personality research is becoming increasingly popular across various 

scientific fields with several studies focusing on non-human animal 

personality (sometimes referred to as ‘behavioural syndromes’ or ‘coping 

style’). Much of this research has been conducted using adaptations of human 

personality models, particularly the Five Factor Model (FFM) (Goldberg, 

1993; Ley and Bennett, 2007).  

Researching individual differences in non-human species has proved not 

only important for testing hypotheses which can’t be tested in humans but has 

also shown potential for positive welfare applications for captive and 

companion animals. For instance, using animals we can manipulate and test 

whether stable behavioural tendencies have some sort of long-term survival 

advantage (Budaev, 2000; Jones and Gosling, 2005; Ley and Bennett, 2007). 

With regards to practical welfare applications, the more that is known about 

why animals display individual differences in behaviour, the more likely their 

needs will be met in captivity. Furthermore, animal shelters can use 

personality to improve adoption success as well as catering for different 

individual needs (Heath-Lange and Sackett, 1999).  

Although several non-human personality studies have been conducted in a 

variety of species, there is little constancy in approaches due to variations in 

methodology, sample size, and validation techniques, making it difficult to 

compare personality components between non-human animals. Previous 

research has suggested that numerous elements such as life-stage history 

(Biro and Stamps, 2008), physiology (Carere and Oers, 2004), and 

morphology (Bertossa, 2011), can contribute to both human and animal 

personality. However, there is a lack of comprehensive, longitudinal animal 

personality studies, which also incorporate the abovementioned validation 

measures, which thus inhibits what conclusions can be drawn regarding the 

effects of these factors.  

Furthermore, despite the expansion of personality research to include a 

variety of non-human species, it has predominantly been wild populations 

subject to investigation (Carere and Maesttripieri, 2013). Although several 

studies have investigated personality in popular companion animals, such as 

dogs (Ley et al., 2008) and cats (Litchfield et al., 2017), research into the 
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potential effects of artificial selection and domestication on personality, is 

still somewhat lacking. Specifically, there has been very little research 

focussing on within-species variation in those domesticated companion 

animals considered to be less popular, for example, rats, rabbits, guinea pigs, 

and ferrets. 

One such species, the domestic ferret (Mustela putorius furo) is rarely the 

focal species in animal behaviour and welfare research, despite becoming an 

increasingly popular companion animal. This considerable research gap 

provides an avenue in which to model animal personality and potential 

influencing factors. For instance, the relatively short domestication period 

(2000-3000 years) (Church, 2007) of this small social carnivore, means that 

personality research in this species can potentially provide an insight into how 

personality evolves by making comparisons with other, more domesticated 

species, i.e., dogs and cats (Driscoll et al., 2009a; Delgado et al., 2012; 

Schneider et al., 2013; Gartner, 2015).  

On a smaller scale, given that there are still common misconceptions about 

these animals with regards to key species-specific behaviours (for example, 

biting behaviour commonly thought to be a product of aggression), further 

knowledge of personality and its underlying structure would further inform 

the discussion regarding the underlying motivation of potentially complex 

animal behaviour. In turn, there are numerous practical applications of this 

knowledge, perhaps the most important being that it would allow for the 

catering of husbandry and enrichment techniques that would better suits the 

needs of individual ferrets, thus enhancing the psychological welfare of these 

companion animals (Heath-Lange et al., 1999; Horback et al., 2013). 

Therefore, this research will investigate the underlying structure of 

personality in this domesticated species as well as exploring key factors (i.e., 

morphology and physiology) that may influence its development and 

maintenance within the overall population.  

 

1.2 Human Personality Research: 

The personality construct describes underlying distinctive patterns of 

behaviour or tendencies (Phares and Chaplin 1997; Gosling, 1998; Capitanio, 

1999; Lowe and Bradshaw, 2001) which are consistent within an individual 

across a range of different situations and over time (Caspi et al., 2005; Réale 
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et al., 2007). This consistency is imperative for the definition of personality 

(Gosling, 1998; Capitanio, 1999; Lowe and Bradshaw, 2001; Ley and 

Bennett, 2007) and enables an individual’s response to threats, new situations 

and to other members of the species to be broadly predictable. Other 

terminology used in the literature to describe personality includes ‘coping 

style’, and ‘behavioural syndromes’, and although they differ slightly in how 

they describe individual behavioural differences, they all essentially converge 

with the definition of personality (Gosling, 2001; Caspi et al., 2005; Koolhaas 

et al., 2007; Réale et al., 2007). 

Several researchers (Tupes and Christal, 1961; Norman, 1963; Costa and 

McCrae, 1985; Digman and Inouye, 1986; Hogan, 1986; Goldberg, 1990; 

Trapnell and Wiggins, 1990) have investigated human personality over the 

past century, with each using different instruments, labels and 

conceptualisations as well as differing emphasis and interpretation.  

One of the earliest groups of theories to be developed for describing 

personality is known as the trait theories, which aim to provide a formal 

system of categorising and measuring individual behavioural differences 

(McAdams, 2006). Differences in behaviour are the raw material on which 

natural selection acts upon (Wilson et al. 1993) and we can use ‘traits’ as a 

unit when attempting to explain behaviours shown by individuals.  

Ozer and Benet-Martinez (2006) refer to traits as non-contingent internal 

characteristics that are context-independent and stable across situations and 

over time. Although independent, traits are considered additive and aggregate 

into personality factors or “dimensions’ (McAdams 2006). The challenge is 

then to not only identify the number of broad dimensions required to describe 

personality (Matthews et al., 2003), but also to ensure that these dimensions 

meet the appropriate criteria (Costa and McRae, 1992). For example, there 

must be agreement that these factors are addressing the same phenomenon, 

that is, the empirical evidence should demonstrate convergent validity despite 

emphasis and interpretation (Goldberg, 1990; McCrae and Costa, 1987; 

Trapnell and Wiggins, 1990). 

Although trait theories provide an ordered method of defining personality, 

there are certain shortcomings which must be considered, the main being that 

trait theory does not address the question of why personality differences exist 

(Matthews et al., 2003). For instance, traits can be poor predictors of 
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behaviour given that an individual may not behave the same across every 

situation. Thus, various levels of analysis (e.g. genetics and physiology) are 

needed to explain behaviour (Hettema and Deary, 1993).  

 

1.2.1 The Five Factor Model (FFM) 

The Five Factor Model of Personality (FFM) is the most widely tested and 

accepted of the trait theory models for human personality and has been 

growing in popularity amongst psychologists for the past few decades 

(Goldberg, 1993; Ley and Bennet, 2007). The FFM came about when 

responses to questions regarding personality traits were factor analysed and 

consistently produced five bipolar personality dimensions despite differences 

in gender, age, cultures and data collection methods.  These five domains 

include Neuroticism, Extraversion (surgency), Agreeableness, Openness to 

Experience, and Conscientiousness with each describing an independent part 

of human personality (Digman, 1990; Ley and Bennett, 2007; Costa and 

McCrae 1992b; Tupes and Cristal, 1992). Neuroticism accounts for 

nervousness and stress (Gosling and John, 1999). Extraversion (surgency) 

relates to how one responds to external stimuli and in self-initiated actions, 

such as vocalisations. Agreeableness is related to the general social 

interactions of an individual and consists of elements of affection and 

aggression. Openness to Experience includes aspects of desire, willingness 

and the ability to learn from external sources but doesn’t necessarily include 

one’s intelligence. Conscientiousness takes account of dependability and 

careful meticulous work (Costa and McCrae, 1992b, Draper, 1995).  

One of the criticisms of the five-factor model is that the full range of 

personality traits cannot be adequately accounted for by so few factors 

(Mershon and Gorsuch, 1988). The commonly used term “Big Five” is 

somewhat misleading due to the fact it implies there are only five critical traits 

encompassed by the model when in fact they should instead be considered as 

the basic dimensions of personality as it continues to be an evolving construct. 

Nonetheless, the research of Cattell (1945), Eysenck (1944), Guilford 

(1940), has provided various dimensions and dynamic structures in human 

personality assessment (Cattell and Korth, 1973), which has allowed us to 

branch out and adapt these concepts to non-human species.   
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When the appropriate standards set out in human personality research are 

met (Gosling and Mehta, 2013), evidence for the existence of personality in 

animals is overwhelming. In fact, adapting traditional human personality 

research methods to animals has identified various benefits and useful 

techniques for investigating the biological and environmental elements of 

personality (e.g., Ray et al. 2006; Willis-Owen and Flint 2007). These studies 

have already aided researchers to address long standing questions regarding 

how personality can influence certain outcome measures, i.e. disease 

progression (e.g., Capitanio et al. 1999), that would otherwise be difficult 

using human subjects 

 

1.3 Animal Personality and Cross-species Comparison: 

Several animal personality studies have been conducted with  personality 

dimensions being identified in numerous species, including chimpanzees 

(King and Figueredo, 1997; Pederson et al., 2005), canines, (Svartberg and 

Forkman, 2002; Ley et al., 2008) felids (Siegford et al., 2003; Lee et al., 2007; 

Gartner and Weiss, 2013), captive elephants (Horback et al., 2013), birds 

(Carere et al., 2005), fish (Budaev, 1997) and even octopus and squid (Mather 

and Anderson, 1993; Sinn et al., 2001; Sinn and Moltschaniwskyj, 2005). For 

the scope of this thesis, however, the main focus will be on personality in 

companion animals. 

One of the first cross-species reviews into animal personality research was 

conducted by Gosling and John (1999), in which their aim was to compare 

personality between species to determine to what extent such research relates 

to human personality. The authors found that four of the five human factor 

dimensions (Extraversion, Agreeableness, Openness to Experience, 

Neuroticism) were applicable to 12 non-human species, including dogs and 

cats. Since publication of this informative review, a large amount of research 

has been conducted and several more species have been investigated (e.g., 

Menzies et al., 2013; Carere et al., 2015; Duggan et al., 2017), many of which 

have been developed and validated independently from the human FFM. 

A broad overview of this literature shows that although some personality 

dimensions, i.e., Agreeableness are found across several species, 

Extraversion and Neuroticism are considered the mega dimensions as they 

have the strongest cross-species generality (Gosling and John, 1999). There 
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have however, also been several dimensions discovered that appear to be 

unique to the species being investigated.  

The domestic dog (Canis familiaris) is by far the most researched 

domesticated species. Given the large number of studies conducted and 

different methodologies used however, there is contention in the literature 

about the number and nature of personality dimensions in domestic dogs. It 

is agreed though, that like humans, at least five personality dimensions exist 

(Ley et al., 2008; Gartner, 2015). Some that have emerged include 

Extraversion, Neuroticism, Sociability, Self-assuredness/Motivation, 

Playfulness, Curiosity/Fearlessness, Chase-proneness, Training Focus, 

Amicability, and Aggressiveness (Svartberg and Forkman, 2002; Ley et al., 

2008; Gartner, 2015). Svartberg and Forkmann (2002) consider the 

Aggressiveness dimensions which they proposed, to be associated with the 

Shyness–Boldness Axis in human psychology, which combines features of 

Extraversion and Neuroticism (Matthews and Deary, 2003). Although many 

of these factors could be considered analogous to the Big Five human 

personality dimensions, the Chase-proneness and Training Focus dimensions 

are unique to dogs. It should be noted however, that the chase-proneness 

dimension in canines may be a simple reflection of the behaviour test used 

when identifying this dimension. Though it is also possible that it reflects the 

hunting characteristics that are species specific to the canine (Svartberg and 

Forkman, 2002). 

The domestic cat (Felis silvestris catus) has also been the subject of several 

personality studies (Gartner and Weiss, 2013; Gartner et al., 2014; Ha and 

Ha, 2017). Similarly to dog personality research however, the studies 

conducted in cats have come from varying fields, and thus often utilise 

different methods in an attempt to fulfil varying research goals (Gartner and 

Weiss, 2013).  

The first domestic cat personality study (Feaver et al., 1986), used a survey 

and behavioural observations to identify three personality dimensions (Alert, 

Sociable, and Equable) within a group of 14 adult female cats. Although this 

study was limited given the small sample size consisting exclusively of 

female subjects, it paved the way for at least 20 further feline (both domestic 

and wild) personality studies. In a review of this research, Gartner and Weiss 

(2013) found that of the fifty-five percent which also utilised validity 
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measures, the personality dimensions with the highest validity were Sociable, 

Dominant, and Curious. 

Interestingly, only one of these dimensions, Dominant, emerged in a more 

recent study of cat personality (Litchfield et al., 2017) and it was suggested 

that, like canines and humans, cats possess five personality dimensions rather 

than three (Neuroticism, Extraversion, Dominance, Impulsiveness and 

Agreeableness).  

Regardless, there still appear to be similarities which arise in domestic 

animal personality research. For instance, Sociability has not only emerged 

in dogs and cats but in other species such as horses (Lloyd et al., 2008) and 

pigs (Forkman et al., 1995) as well, suggesting an evolutionary linkage. 

Although all these studies have made valuable contributions to the field of 

animal personality, it has become apparent that further research into cross-

species comparison of personality is required (Gartner, 2015). There is also a 

gap in the literature regarding how domestication affects personality. It would 

be beneficial from an evolutionary perspective to conduct further 

investigation into how personality of domesticated species differs from 

behavioural patterns in their wild counterparts. 

 

1.4 Benefits and Applications of Animal Personality Research: 

There are numerous practical applications and benefits for studying animal 

personality (Svartberg, 2005; Maejima et al., 2007). The first is that 

researchers have greater experimental control compared to human personality 

research. For instance, greater control over the environment of subjects thus 

allowing the investigation of environmental factors, such as rearing practices, 

on personality development. There is also a greater opportunity for 

naturalistic observations when using animals compared to humans, that is, 

observations can occur for larger time periods, can be more detailed, can 

occur in more contexts and a larger diversity of behaviours can be studied. 

Not only can researchers study and monitor captive animals for much of their 

lives, but behavioural and physiological data can also be collected from wild 

animals living in natural habitats. Additionally, it is possible to conduct 

longitudinal studies, which can be multi-generational, which provide 

significant information far more quickly and at a lesser expense than 

comprehensive human studies (Jones and Gosling, 2005). 
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Using animal studies also allows genetic and hormone manipulation and 

the examination of their influences on personality (Adcock et al., 2015). It is 

difficult to hypothesise and test the evolutionary advantage of stable 

behavioural tendencies and their development in human populations, but it is 

possible to manipulate their development in other organisms (Ley and 

Bennett, 2007). Thus, exploration of animal personality may also provide 

further insight into human personality and if variation in personality has some 

sort of long term survival advantage.  

In captive animals, personality research is advantageous because the more 

that is known about why animals display individual differences in behaviour, 

the more likely their needs will be met in captivity (Heath-Lange et al., 1999). 

In group housing, for instance, promoting compatibility between individuals 

as well as providing personality-specific enrichment could potentially 

enhance the physical safety of the group as well as the psychological welfare 

of individuals (Horback et al., 2013). 

In the case of companion animals, such as dogs and cats, the main interest 

comes from potential owners wanting to select a companion based on 

personality traits to ensure the animal is suited to their lifestyle. There is also 

interest from animal shelters in potentially using personality traits to improve 

adoption success as well as providing animals most in need of attention the 

care they require (Weiss et al., 2012). There are also agencies which focus on 

reducing dog bite related injuries, for instance, and so want to identify those 

individuals predisposed to aggression. There is also a desire to identify certain 

personality types so individuals can be matched for effective job performance 

(Fratkin et al., 2013).  

 

1.5 Evolutionary and Adaptive Significance of Personality: 

One of the key questions surrounding animal (and human) personality is: 

why does it exist? The main hypothesis posed by several researchers is that it 

must have some sort of evolutionary advantage associated with life-history 

traits if such patterns of individual variability are being maintained by natural 

selection (Budaev, 2000).  

Although evolutionary studies primarily focus on either morphology or 

behaviour individually, organisms develop as one entity (West-Eberhard, 

2003; Bertossa, 2011). The co-variation in these elements is believed to be a 
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function of maximising fitness and is thus a significant part of evolution 

(Williams et al., 2012). Therefore, whilst investigating individual traits, it is 

important to also take into account the entire functional phenotype if we are 

to further understand their development and evolution (Bertossa, 2011). 

Take for example, individual prey with certain behavioural characteristics 

being targeted by a predator, which can result in certain personality types 

within some population but not others (Bell and Sih,2007; Carere and 

Maesttripieri, 2013). This has been demonstrated both descriptively and 

experimentally in fish (Bell and Sih, 2007; Dingemanse et al., 2007), for 

instance, in predator avoidance behaviour was positively associated with 

survival. In turn however, the effects of these traits also depended on the 

predator’s behavioural type (Pruitt et al., 2012). 

In humans, we already know of several genes which have personality 

associated with their polymorphisms (Ebstein et al., 1997; Reif and Lesch, 

2003). With regards to non-human species, there is a growing body of 

research that has revealed the existence of numerous significant correlations 

between personality and physical, as well as physiological characteristics. For 

instance, sex (Titulaer et al., 2012), reproduction (Ball and Ketterson, 2007), 

age, stress (Keller et al., 2015), body size (Brown et al., 2007), and 

coat/hair/feather colour (Williams et al., 2012). 

With regards to the association of sexual dimorphism and personality, we 

know that life-history traits can be driven by selection pressures and can differ 

between sexes. This can, in turn, maintain personality variation (Dingemanse 

and Réale, 2013; Patrick and Weimerskirch, 2014) or lead to sexual 

dimorphism in personality (Schurch and Heg, 2010; Yli-Renko et al., 2018). 

A good example of sexual dimorphism in personality lies within one 

particular bird species, the great tit (Parus major), where fast-exploring males 

have a higher survival rate than slow-exploring males when food is in 

abundance, but the opposite relationship exists for females (Dingemanse et 

al., 2004). 

Other morphological differences, such as body size and weight, have also 

been found to correlate with personality (Wright et al. 2015; Thomas et al., 

2016). For example, Funghi et al., (2015) discovered that in the common 

waxbill (Estrilda astrild), larger individuals were more dominant, suggesting 
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that personality traits can be selected for when they lead to variation in fitness 

(Réale et al. 2007; Biro and Stamps, 2008; Careau and Garland, 2012).  

Although certain morphological traits can be linked with behavioural 

traits, the process of artificial selection and domestications provides an ideal 

model for controlling and observing such relationships at an accelerated rate.   

Perhaps the most famous study which demonstrated this was Belyaev’s 

foxes (Belyaev, 1969; Belyaev, 1979; Belyaev et al., 1981; Belyaev and Trut, 

1982). The results of the 40-year experiment revealed a number of 

morphological changes linked to the domestication process in the silver fox. 

Behaviourally, the domesticated line of the silver fox was completely tame 

towards humans with a significantly reduced fear response. Morphologically, 

these animals displayed not only changes in coat colour, but floppy ears, 

short/curly tails and different skull, jaw and teeth shape (Belyaev and Trut, 

1982). 

Similar findings have been observed in domestic dogs, with the number of 

breeds today exceeding 400 and each differing in their morphology and the 

degree of behaviours exhibited (Bradshaw et al., 1996; Svartberg, 2006). 

Although several studies have been conducted on dog personality, only a few 

have considered how personality relates to specific breeds (Svartberg, 2006; 

Ley et al, 2009a). For instance, it was discovered by Ley et al. (2009a) that 

Working Dogs and Terriers score overall higher on the MCPQ-R 

Extraversion subscale than other breed groups.  

This research provides remarkable insight into how personality develops 

and is selected for. Thus, if we are to understand the biological significance 

of personality and the influence of domestication, more studies are required 

in as many domesticated species as possible. 

 

1.6 Physiology of Personality: 

One factor that can be utilised to assist in understanding the biological 

significance of personality, is the correlation between behaviour and 

physiological responses, more specifically, circulating hormone levels 

(Wingfield, 2003; Svendsen et al., 2007; Bonier et al., 2009; Malmkvist et al., 

2011; Baugh et al., 2012). Varying endocrine systems are believed to have 

differing degrees of influence on some behaviour, for instance, aggression 

level has been correlated with blood androgen concentration (Ketterson and 
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Nolan, 1992; While et al., 2010) whilst stress, fear and risk taking is often 

attributed to corticosteroids (Korte, 2001; Carere and Oers, 2004). 

Given that particular sets of behaviours determine an individuals’ 

personality type, it is likely that personality is associated with how an 

individual responds and copes with physiological stress. Several studies have 

demonstrated that individuals are consistent in stress responsiveness 

according to the repeatability of underlying glucocorticoid concentrations 

(Boulton et al., 2015; Cockrem et al., 2009). Thus, it is believed that 

glucocorticoid production directly influences variation in the stress response 

and an individual’s coping style (Carere et al., 2010) In American mink 

(Mustela vison), a positive correlation was found between higher levels of 

stereotypic behaviour and a higher baseline concentration of faecal cortisol 

metabolites (FCMs) as well as increased sensitivity to stressors, compared to 

non-stereotyping mink (Svendsen et al., 2007; Malmkvist et al., 2011).  

Being able to identify individual personality types more sensitive to 

increases in physiological stress has important implications for welfare and 

management in both zoological and domestic animals. For instance, this 

information can be used when attempting to establish compatible social 

groups and implementing appropriate enrichment techniques (Manteca and 

Deag, 1993; Highfill, 2008).  

 

1.7 Methodologies in Animal Personality Research: 

When initially studying personality in any species it is crucial to examine 

how individuals within a species differ from one another. Using Behavioural 

Individual Differences (BIDs) we can describe the variation in behavioural 

tendencies of individuals within a group (Cooper, 1998). BIDs in animals 

have been identified using different methodologies and one of the most 

common and convenient methods adapted from human personality research 

is the rating method. This method has been developed over the years in line 

with the psycholexical approach (de Raad, 1995), whereby a human close to 

an animal subject (i.e. owner or keeper), rates a set of traits according to how 

well each trait applies to that animal (Gosling, 2001; De Meester et al., 2009). 

The ratings are typically conducted on a Likert scale i.e. 1 (does not describe 

the animal)- 5 (very much describes the animal) (Svartberg and Forkman, 

2002). Stevenson-Hinde et al (1980) referred to the rating method as 
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'subjective assessment’ given that these ratings are reliant upon the 

interpretation of the observer.  

Furthermore, when developing any trait rating instrument, researchers 

need to exert caution in writing statements regarding the items to be used (i.e. 

definitions for traits being used to describe behaviour of animal subjects) the 

to ensure clarity and unambiguity. This is particularly important if the rating 

instrument being utilised is to be administered to participants where English 

is not a first language, and thus the survey tool requires translation (Robins et 

al., 2009). 

Finally, when undertaking rating methodology in animals, it is critical to 

commence broadly in order to identify all personality dimensions present in 

a species. Although different species will have similar aspects in their 

dimensions, (i.e., Extraversion and Neuroticism), they will also have different 

factors that may even be unique to that species. It is important not to be 

constrained by a model which was developed in another species (i.e. the FFM) 

or only the dimensions which were identified in that model will emerge, thus 

potentially missing or misinterpreting unique factors (Ley and Bennett, 2007; 

Whitham and Washburn, 2017).     

A renowned researcher in the animal personality research field, Gosling 

(1998), used rating methodology to develop five broad personality 

dimensions (Assertiveness, Excitability, Human-Directed Agreeableness, 

Sociability, and Curiosity) in spotted hyenas and was able to demonstrate via 

factor analysis of trait ratings, that the emerging personality dimensions 

captured 75% of the total variance in the data. The study consisted of four 

observers who knew the 34 animals well, conducting the ratings, with there 

being a high level of reliability between how the observer’s rated the subjects. 

Comparisons were then able to be made with previous research (Stevenson-

Hinde and Zunz, 1978, Caine et al., 1983; Bolig et al., 1992; Gold and Maple, 

1994) and provided evidence for cross-species generality of Excitability, 

Sociability, and Assertiveness. 

The more recent study of companion dog personality conducted by Ley et 

al. (2008) had a much larger sample size (over 1000). The five dimensions 

(Extraversion, Neuroticism, Self-Assuredness/Motivation, Training Focus, 

and Amicability) however, only accounted for 32.6% of the total variance. 

Except for Extraversion and Neuroticism, these dimensions appeared to be 



29 
 

unique to companion canines and possibly reflects the strong and unique 

selective pressures applied on this species by humans. 

The benefit of this methodology in developing personality dimensions, is 

that participants are not forced to rate subjects on factors identified previously 

by researchers, but instead the emergence of personality dimensions (and 

their underlying traits) are via exploratory analytic techniques. 

Although the rating method is convenient, requiring only the cooperation 

of humans rather than animals, its validity is reliant upon the raters’ knowing 

their animals well and reflects their experience with the subject. This can 

however, be problematic if subjects react differently to different raters’, 

meaning they are a reflection of the interactions with that person only 

(Highfill et al., 2010). 

Another popular, less subjective technique for assessing animal 

personality, is the coding method. This methodology is used frequently, either 

on its own or in conjunction with trait ratings. Behavioural coding differs 

from the rating method in that it requires the observer to score an animal based 

directly on its immediate behaviour (Highfill, 2010). These may be 

naturalistic observations whereby the subject is undertaking routine 

behaviour (e.g. grooming or eating) without any external influence, or it can 

be conducted in an experimental setting where the context of the situation is 

being manipulated by the researcher e.g., during a series of standardised 

behavioural tests (Vazire and Gosling, 2004). 

When developing a set of behavioural tests to assess personality 

differences in a target species, the evolutionary background and species-

specific behaviour must be taken into account. Otherwise, key behavioural 

differences may be easily missed or misinterpreted (Réale et al., 2007).  

Some of the key behavioural tests used in animal personality research 

include the open field test, novel object test, startle test, and exposure to novel 

conspecific. Each of these tests is used to assess different key behavioural 

traits such as boldness, predator reaction, exploratory and novelty seeking 

behaviour. Such tests can then be adapted to suit the target species (Koolhaas 

et al., 1999; Gosling, 2001; Réale et al., 2007).  

One of the main drawbacks of the coding method is that it does not take 

into account situational effects nor integrate prolonged behavioural trends as 

rating methodology does (Mirkó et al., 2013). However, unlike the rating 
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method, behavioural coding’s can be conducted by observers that have no 

former relationship with, or knowledge of the subject(s) (Wilsson and Sinn, 

2012).  

Given that both the rating and coding methods have their advantages and 

shortcomings, it is suggested that for the sake of validity and reliability, 

animal personality be investigated by the co-application of both techniques, 

i.e. a multi-method approach (Mather, 1998; Vazire and Gosling, 2004; Mirkó 

et al., 2013). 

 

1.8 Combating Anthropomorphism: The Importance of Validity and 

Reliability Measures: 

One of the main criticisms of animal personality research is that it has been 

seen as anthropomorphic (Meagher, 2009), meaning that some researchers 

believe the concept of animal personality to simply be an attribution of human 

characteristics onto other beings (Kennedy, 1992; Eddy et al., 1993; Serpell, 

2001). 

However, the increasing body of animal personality research that employs 

multi-method approaches and incorporates numerous validation techniques, 

suggests otherwise (Wemelsfelder et al., 2000; Wemelsfelder et al., 2001; 

Stockman et al., 2011; Rutherford et al., 2012). Such research has 

demonstrated a variety of non-random patterns of behavioural attributes 

across a wide selection of taxa. The results of these studies refute the assertion 

of anthropomorphism given the substantial evidence provided by direct and 

biologically valid (i.e. correlations to physiology) observations (Stockman et 

al., 2011; Rutherford et al., 2012; MacKay and Haskell, 2015). Given that 

individual differences in behaviour within a species can have important 

implications for evolutionary research, it is crucial that its variation is not 

overlooked or dismissed as ‘noise’ in the data. 

To combat the notion of anthropomorphism in animal personality research, 

three broad criteria have been adopted from human personality research 

(Gosling et al., 2003). The first is that independent observers must agree when 

making the same assessment, that is, if personality does exist and is to be 

detected in a species, then the ratings given by two or more independent 

observers should be in line. There is already a large body of animal 
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personality research which has demonstrated strong inter-observer reliability 

in the ratings of animals (Gosling, 2001). 

The second criterion specifies that assessments should predict real, 

everyday behavioural outcomes. One of the main goals of personality 

research is to be able to predict how an individual will behave in future, real-

life scenarios (Gosling, 2001), thus, for personality assessments to be useful 

this criterion needs to be addressed. An increasing number of animal 

personality studies have incorporated this principle and it has been shown that 

overall, animal personality assessments indeed show strong predictive 

validity (Gosling, 2001; Pederson et al., 2005). 

Lastly, personality ratings need to reflect genuine attributes of subjects 

instead of anthropomorphic projections or the researchers’ personality 

theories (Gosling, 2001). For instance, personality factors that emerge from 

trait ratings alone may in fact be a result of the rater simply ‘filling in the 

blanks’ based on their knowledge of human personality, however, this is 

impossible for behaviour-derived factors given that they emerge from 

behavioural observations alone. A common way to address this is to use a 

multimethod approach to establish whether different assessments are in fact 

measuring the same underlying construct (Gosling and John, 1999; Rouff et 

al., 2005; Konečná et al., 2008). Those studies which have used such an 

approach have shown that the factors obtained from both observer ratings and 

behavioural coding, resemble one another indicating that real attributes of the 

individuals are able to be measured by personality ratings (Mirkó et al., 2013). 

In order to satisfy these criteria, Fairbanks and Jorgensen (2011) outline 

several techniques to assess the validity and reliability of a personality 

construct or assessment tool. These include scale reliability, inter-rater 

reliability, test-retest repeatability, construct, convergent, and discriminant 

validity. 

 

1.9 The Domestic Ferret: A Model for Personality Research: 

1.9.1 Behaviour and Welfare Issues in Ferrets:    

The domestic ferret (Mustela putorius furo) is a highly intelligent, small 

carnivorous mammal often kept by humans for hunting and companionship 

purposes. Ferrets have been gradually increasing in popularity as a household 

pet since about the 1970’s, for instance, they are the third most popular 
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companion animal in the United States (Boyce et al., 2001). The ferret is a 

highly active obligate carnivore, possessing a range of behaviours associated 

with hunting, including strong prey drive and chase behaviour (Fox et al., 

1998). They are also highly energetic during their waking hours and thus 

require constant stimulation and the opportunity to interact with their 

surrounding environment (Plant and Lloyd, 2010).  

Ferrets are primarily a social animal and hierarchies exist in groups, 

though not to a disadvantage to individual animals (Ball, 2006), for instance, 

Jills (females) without litters, hobbles (castrated males), and young ferrets 

(kits) should be housed in pairs or small groups of compatible individuals. 

Poorly housed and handled individuals which do not have their behavioural 

needs met will become frustrated and overzealous, leading to the 

development of behavioural problems such as excessive biting (Talbot et al., 

2014), and agonistic behaviour e.g., dragging, shaking, and neck biting of 

conspecifics (Reijgwart et al., 2018). It is important to note however, that 

even ferrets which are provided the appropriate mental stimulation and 

enrichment required, can still occasionally bite. Knowledgeable ferret owners 

do not associate this with aggression though, given that it is often observed in 

conjunction with more desirable behaviours such as play and vocalisation 

(Boyce, et al., 2001; Talbot et al., 2014). Although difficult for new ferret 

owners to distinguish, it is important to recognise the difference between 

abnormal excessive biting and natural play biting. Unfortunately, the lack of 

educational resources regarding species-specific behaviour and captive 

management of ferrets, results in inexperienced ferret owners deeming 

normal ferret behaviour as problematic, often leading to surrender of ferrets 

to animal rescues (anecdotal evidence provided by several of the ferret 

welfare organisations within Australia and the U.S).  

Another factor which has contributed to the increase in ferret numbers 

within animal shelters and rescues, is the surge in popularity of ferrets kept 

as companion animals across the globe, including the United States, Europe 

and more recently, Australia (Boyce et al., 2001; Ball, 2006). In countries 

such as Australia, there are few regulations for the sale of ferrets by breeders 

or pet shops, and (except for the ACT and some local councils in VIC) there 

is no requirement for ferret owners to register their animals. This makes the 
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ability to track outcomes of ferret ownership and relinquishment, very 

difficult.  

The combination of a comparably short domestication period, and a recent 

increase in the number of individuals being bred specifically for the pet trade 

(Lewington, 2007), the domestic ferret makes for an ideal candidate in 

behaviour and personality assessment as it can not only provide insight into 

the underlying function of their distinctive behaviour, but also allow us to 

cater for individual animals based on their personality variation.  

 

1.9.2 Domestication History of the Modern-Day Ferret: 

There is much conjecture surrounding the evolutionary and domestication 

history of the domestic ferret given the uncertainty of whether it is derived 

from the Asiatic, Siberian or Ethiopian polecat (Miller, 1912). However, it is 

believed that the modern-day ferret is the domesticated counterpart of the 

European polecat (Mustela putorius putorius). The fact that ferrets are able to 

successfully hybridise with the different polecats, suggests that there are only 

minor evolutionary differences between these species and thus a relatively 

recent divergence from a common ancestor (Church, 2007). 

Genomic homology research has revealed that the ferret has a highly 

conserved karyotype (external appearance of chromosomes) which is closer 

to that of the ancestral carnivore (Cavagna et al., 2000), compared to other 

domesticated species. This is likely due to the fact that ferrets have only been 

domesticated for approx. 2000-3000 years (Church, 2007) compared to other 

companion animals, such as dogs and cats which have been domesticated for 

over 10,000 years (Driscoll et al., 2009a; Delgado et al., 2012; Schneider et 

al., 2012; Gartner, 2015). Thus, it is likely that ferrets still share several 

behavioural traits with their wild counterparts and that we have not yet seen 

their complete evolutionary potential as a domesticated species. Further, 

unlike other domesticated species, i.e., dogs and cats (Delgado et al., 2012; 

Schneider et al., 2013; Gartner, 2015), there are yet to be discernible breeds 

develop in the ferret, with the only noticeable variation in morphology being 

differing coat colours and markings. Examining behavioural differences 

based on coat colour alone, rather than breed, will be useful in determining 

the extent to which morphology affects personality. 
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1.10 Conclusions: 

Despite the large number of ferrets being kept as pets around the globe 

(Boyce et al., 2001), little is known about what underlying motivations exist 

for their species-specific behaviour and potentially problematic behaviour 

(e.g. biting). Poor owner understanding of such behaviours can lead to 

unnecessary surrender to animal shelters and compromise the welfare of 

individuals. It is thus our hope to provide much needed insight into domestic 

ferret behaviour. 

Within the ever-increasing body of animal personality literature, there is 

only one published study (Lester and Dunn, 1989) that specifically focuses 

on domestic ferret personality differences and unfortunately, there are limited 

details provided regarding the findings, methodology used, or the possible 

practical applications for the study. More research is thus required if we are 

to understand the behaviour of this domesticated species, to develop and 

implement practical management strategies based on their individual needs. 

Given that several species-specific behaviours are not well understood in 

ferrets, their underlying drivers can be explored using personality as a 

predictor. This species also provides an insightful domestic model to 

investigate how personality evolves and is maintained during domestication. 

The subsequent research will benefit the field of animal personality as a whole 

by further informing and enriching the ever-growing literature and adding to 

the variety of species studied. We endeavour to add to the body of interspecies 

personality data, and knowledge regarding the biological function of 

personality. With appropriate methodology and validation measures, we can 

physically define this construct in almost any species. 

 

1.11 Aim and Structure of the Thesis: 

The aims of this thesis are to investigate personality structure in the 

domestic ferret (Mustela putorius furo), assess its reliability and validity, and 

examine whether this framework is biologically meaningful in predicting key 

ferret behaviours. Subsequently, we will explore any elements that potentially 

influence development and maintenance of personality structure in domestic 

ferrets, such as morphological and physiological parameters.   

Chapter Two will build the foundation for investigating underlying 

patterns in ferret behaviour by first identifying any traits (adjectives) that are 
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applicable to domestic ferrets. Ferret owners will then provide subjective 

ratings of how well this list of traits applies to their individual ferrets.  These 

ratings will be used to identify trait grouping that underpin personality 

dimensions.  

Chapter Three will build on these findings by conducting trait ratings from 

direct behavioural observations. The subjective and objective ratings will be 

compared to assess the construct and convergent validity of the two.  

Chapter Four will explore whether these two sets of dimensions are able 

to predict several key ferret behaviours and if the relationships that emerge 

make biological sense. Further reliability measures (specifically, inter-rater 

reliability and test-retest repeatability) will also be employed at this stage to 

ensure the validity of our measurements.  

After gaining an insight into domestic ferret personality structure and 

function, we will explore the potential influences in their evolution. Chapter 

Five will determine if personality evolves with certain morphological 

characteristics, providing insight into the evolutionary capacity of 

personality. We also aimed to investigate correlations between personality 

and physiological parameters by measuring salivary cortisol in our ferret 

sample. However, the validation requirements for these results were not 

satisfactorily met and, unfortunately given time restraints, it was beyond the 

scope of this project to conduct the further laboratory analyses required (see 

Appendix One). 

Chapter Six will provide a synthesis of the findings from the previous 

chapters, discuss their potential applications, as well as suggesting future 

direction for this research. 
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Chapter Two: Identifying Behavioural Traits and Underlying 

Personality Dimensions in Domestic Ferrets (Mustela putorius furo) 

 

2.1 Abstract 

The aim of this study was to develop a trait-based model to examine 

personality structure of domestic ferrets (Mustela putorius furo) by using 

owner-based reporting of personality traits. A total of 743 ferret owners 

participated in an online questionnaire with a total of 1029 ferrets being 

assessed. Respondents rated 67 adjectives based on their ferret(s) behavioural 

traits and personality. Principle Component Analysis (PCA) of these trait 

ratings identified four underlying personality dimensions which accounted 

for 47.1% of the total variance. These were labelled according to the traits 

which they encompass: Extraversion, Sociability, Attentiveness, and 

Neuroticism. Details about ferret sex, neutering status, age, and coat colour 

were also sought and General Linear Mixed Models were used to test the main 

effects of these characteristics on the personality dimensions. It was found 

that sex (P < 0.01) and age (P < 0.001) significantly influenced certain 

personality components, whereas de-sexing did not. Sociability, 

Attentiveness, and Neuroticism were found to differ based on sex, whereby 

males were rated as more sociable than females, but females were rated higher 

on the Attentiveness and Neuroticism subscales. Finally, Extraversion was 

found to generally decrease with age. We can use the findings of this study to 

make cross-species comparisons and further inform the discussion regarding 

adaptive relevance of animal personality. Identifying differences in 

personality types may also have positive animal welfare implications since 

we can use this information to satisfy the different needs of individuals. 

 

2.2 Introduction: 

Animal personality describes distinctive pattern of behaviour within 

individuals and is considered to be stable in different situations and across 

time (Conley, 1984; Costa and McCrae, 1992a; Phares and Chaplin, 1997; 

Gosling, 1998; Capitanio, 1999; Fleeson, 2004). Personality can influence an 

individuals’ response to threats, new situations and to conspecifics and by 

making cross-species comparisons of personality dimensions, animal 
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personality research aids in determining the functional significance of certain 

behavioural traits (Heath-Lange, 1999).  

There are various different instruments, labels and conceptualisations used 

to define personality, each with differing emphasis and interpretation (Costa 

and McCrae, 1992a). The trait rating method, such as that used to develop the 

Big Five Model of Human Personality (John and Sristava, 1999), is the most 

popular tool for assessing personality and involves animal carers (i.e. animal 

owners, zookeepers or trainers) using their extensive knowledge of each 

particular individual to rate the animal on a continuum of a certain trait (i.e. 

1[timid] - 5[bold]) (Horback et al., 2013).  Given their subjective nature, the 

ratings or scores of these traits are often referred to as subjective ratings 

(SR’s).  

Factor analysis of trait ratings provided by animal owners, often reveals 

underlying relationships or constructs known as personality factors or 

dimensions within a population and can be used to describe the range of 

behavioural variation in a cluster of similar responses (MacKay and Haskell, 

2015). This method should then be followed by behavioural observations and 

assessments to further validate results (Highfill et al., 2010). 

The practical applications of animal personality research are numerous. It 

can aid in providing personality-specific enrichment, improve compatibility 

between individuals in social groups thus enhancing the physical safety of the 

group as well as the psychological welfare of individuals (Lawrence and 

Terlouw, 1991). Regarding companion animals specifically, one useful 

application is for animal shelters to use animal traits to match prospective 

owners to suitable individuals, as well as finding appropriate carers for high 

care animals. This would improve adoption success as well as providing 

animals most in need of attention, the care that they require. For example, the 

rate of successful adoption of dogs has been found to increase with the use of 

behavioural assessments (Taylor and Mills, 2006). 

There has been an overwhelming amount of personality research 

undertaken in a diverse range of species (Gosling and John, 1999; Gosling, 

2001). However, as far as we are aware, only one small study (Lester and 

Dunn, 1989) investigated personality in the domestic ferret (Mustela putorius 

furo), despite this species being a good model for companion animal 

personality research. Ferrets have only been domesticated and lived alongside 



38 
 

humans for approx. 2000-3000s years (Church, 2007), compared to other 

companion animals such as dogs and cats which have been domesticated for 

over 10,000 years (Driscoll et al., 2009a; Delgado et al., 2012; Schneider et 

al., 2013; Gartner, 2015). The relatively short domestication period of ferrets 

means that personality research in this species can potentially provide an 

insight into how personality evolves by making comparisons with other, more 

domesticated species. 

The aim of this research was to investigate personality in the domestic 

ferret by identifying underlying trends in behavioural traits (personality 

dimensions). This was achieved by conducting factor analysis on trait ratings 

provided by owners. We also explored whether certain physical 

characteristics of ferrets were correlated with behavioural differences in 

individuals.  

 

2.3 Methods: 

A broad list of adjectives which potentially describe domestic ferret 

personality and behavioural traits was developed by reviewing several human 

and animal behaviour and personality papers as well as behaviour or 

personality assessment tools developed previously (Gosling, 1998; Goldberg, 

1990; Ley et al., 2008). Any words which could potentially describe traits in 

ferrets were selected by the researcher. This initial list of adjectives consisted 

of 232 words. 

In order to reduce the number of adjectives on the list, a group of 10 experts 

was recruited. The group was comprised of experienced ferret owners (owned 

one or more ferrets for at least 10 years), as well as members of ferret rescue 

organisations, foster carers, and individuals who also used ferrets as hunting 

animals. The group participants were asked to rate each adjective on the list 

using a three-point scale (0 = does not apply to ferrets, 1 = possibly applies to 

ferrets, 2 = does apply to ferrets) to determine how well each adjective applies 

to ferret traits in general. The word list was then refined according to the 

experts’ responses which involved eliminating adjectives which were 

considered to be ambiguous or to have limited variability. That is, if 80% or 

more of the experts agreed a particular adjective applies to ferrets, giving it a 

score of 2, or if 80% or more disagreed by giving an adjective a score of 0, 

then the adjective was excluded. This step was necessary to ensure that the 
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words on the list discriminate between individuals; we were not interested in 

traits that the majority of the ferret population are observed to have (Ley et 

al., 2008). The data was also descriptively analysed and any adjectives 

identified as being ambiguous or confusing by at least one participant, were 

removed. This resulted in the elimination 165 adjectives, thus leaving a list 

of 67 words to describe the variability in ferret behaviour and personality. 

With the collaboration of another researcher studying domestic ferrets (Dr 

Marsinah Reijgwart of Utrecht University, the Netherlands), a questionnaire 

was then developed using the online survey tool, SurveyMonkey®, in both 

English and Dutch. The questionnaire was advertised through social media 

and welfare groups and was made available for six weeks (May-June, 2015), 

in countries where either English or Dutch was the language predominantly 

spoken. Any required translation between English and Dutch was conducted 

by Dr Reijgwart.   Informed consent was obtained from all respondents prior 

to commencing the questionnaire whereby participants were required to read, 

and indicate that they understood, the information statement provided in order 

to progress to the questionnaire. The first part of the questionnaire comprised 

a combination of open and closed end, and multiple-choice questions based 

on individual ferret characteristics (i.e. sex, neutered or intact, age, and coat 

colour). The next section focused on recognising pain in ferrets (Dr 

Reijgwart’s research). The final part of the questionnaire requested that ferret 

owners to rate the list of 67 adjectives on a 5-point scale (0 = not characteristic 

of my ferret, 1 = somewhat characteristic of my ferret, 2 = moderately 

characteristic of my ferret, 3 = really characteristic of my ferret, and 4 = word 

not applicable/unsure of how well this word describes my ferret). These trait 

ratings shall be referred to as subjective ratings (SR’s). Furthermore, 

respondents had the choice to remain anonymous, however, there was a 

section at the conclusion of the questionnaire where respondents were able to 

indicate if they were interested in participating in further ferret related 

research. This required respondents to provide their name and contact details. 

Approval was obtained from the Charles Sturt University, School of Animal 

and Veterinary Sciences (SAVS) Human Research Ethics Committee 

(#416/2014/03). 
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2.3.1 Statistical Analysis: 

The initial output from a factor analysis of the data was checked to ensure 

the assumptions for principal component analysis (PCA) were met. The 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) value exceeded 

0.6 (KMO = 0.9) (Kaiser, 1970, 1974), the Barlett’s Test of Sphericity value 

was significant (p < 0.01) (Bartlett, 1954) meaning PCA was appropriate for 

the data. 

The rating scores from the questionnaire were subjected to principal 

component analysis (PCA) using SPSS version 20.0 (IBM Corp, 2011). To 

determine the underlying personality dimensions and how many should be 

retained, several guidelines (Tabachnick and Fidell, 2001, Pallant, 2002), 

were reviewed and followed. This involved examination of the eigenvalues 

table (total variance explained table) and the scree plot (Cattell, 1966), as well 

as conducting a parallel analysis using the statistical program, Monte Carlo 

(Horn, 1965). The eigenvalues table showed 11 components with eigenvalues 

exceeding one and accounting for 57.2% of the variance, however, the scree 

plot only showed a break after the fifth component suggesting this instead 

should be the number of factors retained. Finally, the Parallel Analysis 

produced six factors with eigenvalues higher than the corresponding values 

for the same size (67 variables × 1029 respondents) randomly generated data 

matrix (Watkins, 2000). As a result, the four-, five-, and six-component 

models were investigated and interpreted using Varimax rotation. After 

removal of traits which did not load strongly (< 0.4) on any of the 

components, or those which loaded strongly (> 0.4) on multiple components, 

a four factor model was deemed to be the best fit for the data and had the 

highest internal consistency between components. Cronbach’s alpha (a 

measure used to determine internal consistency for which the value should be 

more than 0.7 (Nunnally, 1994) was calculated for each component. The SR’s 

were then used to generate subscale scores for each ferret and these were used 

to analyse effects of ferret characteristics.  

GLMM’s followed by Tukey’s honestly significant difference (HSD) tests 

were used to investigate the main effects of ferret characteristics on 

personality subscale scores. Statistical assumptions were checked and met via 

examining residual plots (histograms and scatter). 
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Lastly, inter-correlations between personality dimensions were analysed 

using Pearson’s correlations coefficients to test the hypothesis that the 

personality dimensions are significantly related to one another (i.e. the 

coefficients differ significantly from zero). 

 

2.4 Results: 

There were 743 respondents who completed the questionnaire, with a total 

of 1029 ferrets assessed. Within this sample population, 424 (41.2%) ferrets 

were female and 603 (58.6%) were male (two ferrets were unspecified). It 

was more common for ferrets to be de-sexed (n = 894; 86.9%) than entire (n 

= 130; 12.6%) (five ferrets were unspecified). The age group with the most 

ferrets was ‘2 - 6 years old’ with 541 (52.9%) ferrets falling into this category, 

whilst the smallest age group was ‘more than six years old’, which consisted 

of only 92 ferrets (9.0%) (six ferrets were unspecified) (Table 2.1).  

 

 

 

 

 

 

 

 

 

 

 

 

The four factors extracted from the data explained a total of 47.1% of the 

variance in the data and had a simple structure as recommended (Thurstone, 

1947). Table 2.2 illustrates the component loadings for each trait (and those 

traits removed from the model), the eigenvalues for each factor, and the 

percentage of variance explained by each component, and Cronbach’s alpha 

calculations. Two of the components (Sociability and Neuroticism) were just 

below the accepted Cronbach’s alpha value threshold of 0.7.    

Component 1 loaded strongly on behaviours such as ‘enthusiastic, playful, 

outgoing, and extraverted and was thus named Extraversion. The second  

Table 2.1  
Summary statistics for characteristics of 1029 ferrets. 
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 Component number and label 

 

             1               2                 3               4 

 

 

  Extraversion 

   

 

Sociability 

               

Attentiveness 

 

Neuroticism 

     

Eigenvalues 13.061 7.488 4.723 3.570 

% of variance explained 16.014 10.916 10.614 9.567 

Cronbach’s Alpha 0.911 0.639 0.850 0.696 

     

Traits analysed: 

Traits retained in model: 

    

     

Excitable 0.768 -0.073 0.094 0.034 
Enthusiastic 0.764 0.034 0.228 -0.092 

Playful 0.750 0.109 0.039 0.028 

Zealous 0.677 -0.020 0.246 -0.064 

Impulsive 0.677 -0.200 0.020 0.012 

Boisterous 0.668 -0.191 0.087 -0.035 

Frivolous 0.630 0.048 -0.241 -0.029 

Hyperactive 0.619 -0.275 0.036 0.150 

Outgoing 0.596 0.326 0.104 -0.303 

Eager 0.590 -0.040 0.318 -0.068 

Extraverted 0.588 0.086 0.194 -0.248 

Inquisitive 0.568 0.025 0.353 -0.192 
Exploratory 0.564 0.004 0.315 -0.253 

Table 2.2. Principal component analyses results for 1029 ferrets based on owner ratings of 67 traits. 
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Interactive 0.550 0.217 0.148 -0.072 

Nosey 0.513 -0.128 0.189 -0.074 

Compulsive 0.484 -0.233 0.071 0.072 

Interested 0.479 0.150 0.378 -0.062 

Gentle -0.105 0.788 0.005 -0.132 

Friendly 0.188 0.697 -0.008 -0.270 

Docile -0.144 0.688 0.019 0.009 

Tame 0.074 0.639 0.091 -0.351 

Calm -0.291 0.638 0.143 -0.172 

Aggressive 0.007 -0.591 0.150 0.170 
Relaxed 0.005 0.577 0.080 -0.375 

Obedient -0.040 0.574 0.204 0.138 

Submissive -0.026 0.531 -0.221 0.212 

Stubborn 0.278 -0.471 0.282 0.018 

Affiliative 0.174 0.437 0.192 0.005 

Perceptive 0.090 0.155 0.754 0.054 

Intelligent 0.095 0.246 0.707 0.012 

Focused 0.125 0.012 0.656 0.047 

Analytical 0.013 0.103 0.655 0.103 

Purposeful 0.278 -0.068 0.639 -0.062 

Determined 0.348 -0.246 0.596 -0.150 

Attentive 0.099 0.174 0.591 0.115 
Assertive 0.323 -0.252 0.472 -0.190 

Persistent 0.357 -0.282 0.468 -0.037 

Independent 0.073 -0.287 0.465 -0.138 

Alert 0.334 -0.044 0.445 0.225 

Scared -0.036 -0.153 -0.077 0.741 

Wary -0.048 -0.129 0.112 0.731 

Fearful -0.103 -0.041 -0.070 0.712 

Anxious -0.071 -0.139 0.004 0.694 
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Skittish 0.027 -0.122 -0.094 0.694 

Carefree 0.342 0.210 0.128 -0.571 

Sensitive 0.013 0.179 0.092 0.537 

Cautious -0.297 0.230 0.229 0.494 

Defensive 0.075 -0.294 0.233 0.473 

 

Traits removed from model 
    

Bold 0.505 0.330 -0.120 -0.428 

Sociable 0.483 -0.043 0.406 -0.076 

Hardy 0.480 0.460 -0.098 -0.338 

Vocal 0.395 0.079 0.023 0.148 

Strong 0.372 0.316 -0.031 -0.117 

Erratic 0.326 -0.096 -0.158 0.106 

Trainable 0.057 0.438 0.436 0.104 

Protective 0.051 0.380 0.034 0.249 
Versatile 0.341 0.350 0.219 -0.202 

Communicative 0.446 0.077 0.460 -0.267 

Consistent -0.031 0.298 0.329 -0.156 

Emotional 0.085 0.304 0.324 0.302 

Predictable -0.064 0.180 0.259 -0.072 

High-strung 0.134 0.092 -0.424 0.558 

Confident 0.348 0.423 0.022 -0.546 

Self-assured 0.250 0.435 0.079 -0.533 

Dominant 0.182 -0.441 0.439 -0.080 

Dependent 0.037 0.311 -0.150 0.326 

Opportunistic 0.520 -0.127 0.402 -0.072 
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component was labelled Sociability as it included traits such as ‘friendly, 

submissive, tame, and affiliative. Behaviours reflecting focus, persistence, 

attentiveness, and intelligence, loaded onto Component 3 and it was therefore 

named Attentiveness. Finally, Component 4 contained traits such as ‘scared, 

anxious, sensitive, and defensive, and so was called Neuroticism.  

 

2.4.1 Correlations Among SR Personality Factor Scales: 

Pearson’s Correlation showed five significant relationships between the 

personality subscale scores (Table 2.3). The strongest of these was between 

the Attentiveness and Extraversion subscales (r = 0.48, n = 805, P < 0.01). 

Attentiveness was also weakly positively correlated with Sociability (r = 

0.09, n = 823, P = 0.01) and Neuroticism (r = 0.10, n = 785, P = 0.01), whilst 

Neuroticism had a slight negative correlation with Extraversion (r = -0.08, n 

= 790, P = 0.02) and Sociability (r = -0.09, n = 791, P = 0.01). With the 

exception of the Attentiveness and Extraversion correlations, these 

associations are relatively weak and it is thus debatable whether or not they 

are meaningful. 

 

 

2.4.2 Effects of Ferret Characteristics on SR Personality Dimensions: 

Within the Sociability dimension, males (2.02 ± 0.76) generally achieved 

a higher mean sub-scale score than females (-3.54 ± 0.90); (F(1, 646.34) = 

22.93, P < 0.001) . Conversely, within the Attentiveness and Neuroticism 

dimensions, female ferrets were generally found to be more Attentive than 

Table 2.3 

Pearson’s correlations between the four personality subscales for ferrets. 
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males (3.78 ± 1.17 and -3.01 ± 1.02, respectively); F(1, 663.07) = 20.75, P < 

0.001, and also more Neurotic than males (2.20 ± 1.04 and -1.67 ± 0.90), 

respectively; F(1, 672.32) = 8.26, P < 0.01 (Fig. 2.1). De-sexing was found 

to have no significant effects on any of the four personality dimensions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A General Linear Mixed Model analysis with Tukey’s post hoc tests revealed 

a significant difference amongst age groups on the Extraversion dimension 

(F(2,528.91) = 27.673, P < 0.001). That is, the level of Extraversion in ferrets 

shows a general decrease with age (Fig. 2.2). 

 

 

 

 

 

 

Fig. 2.1. Mean sub-scale scores for each SR personality dimension, 

split by sex ± 2 standard errors. * indicates a significant difference 

between sex at the α = 0.05 level 
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2.5 Discussion: 

The main aim of this study was to determine if domestic ferrets have 

distinct personality types by investigating underlying trends in behavioural 

traits (personality dimensions). PCA revealed that the underlying components 

of ferret personality could be described with only 48 words. A four-factor 

solution emerged from the PCA and accounted for 47.1% of the variance in 

trait ratings. The four factors were labelled as Extraversion, Sociability, 

Attentiveness, and Neuroticism, according to the overall behavioural traits 

which they were comprised. With regards to the influence of ferret 

characteristics on personality, it was found that sex and age (but not de-

sexing) were significant predictors of personality dimensions to some extent.  

 

2.5.1 A Comparison of Ferret Personality Dimensions with Other 

Species’ Dimensions: 

Certain components that appear to emerge in this study, Extraversion and 

Neuroticism, are some of the most generalised across different species 

(Gosling and John, 1999), suggesting that the traits which they represent are 

not as exclusive to humans as it was once believed (Buss, 1988).  

The first component in ferrets, Extraversion, appears to incorporate items 

from two dimensions, Extraversion and Openness, which have emerged 

Fig. 2.2. Mean SR Extraversion subscale scores (%) according to 

age group ± 2 standard errors. * indicates a significant difference at 
the group P < 0.05 level (Tukey’s HSD).  
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individually in several species, such as cats (Lee et al., 2007), dogs (Gosling 

et al., 2003), and humans (Phares and Chaplin, 1998).  A combination of these 

components is not unheard of; a very similar dimension (labelled Playfulness-

Curious) was found in both vervet monkeys and snow leopards, which also 

consisted of elements of both Extraversion and Openness (McGuire et al., 

1994; Gartner and Powell, 2012). Similar to what has been found in cats and 

dogs, this dimension represents to what extent a ferret is excitable, playful, 

and inquisitive. The traits in this dimension have been considered to indicate 

positive affect and is thus only seen in animals exhibiting good welfare 

(Gartner, 2015). It is, however, important to remember that the absence of 

these traits does not automatically indicate that welfare is compromised. 

In ferrets, the personality component, Sociability, consisted of traits such 

as friendly, calm, and affiliative. In both the human and chimpanzee 

personality models, this Sociability factor is very similar to the dimension, 

Agreeableness (King and Figueredo, 1997). Sociability in ferrets is quite 

similar to what is found in dogs (Ley et al., 2009a), whereas in cats, many of 

these Sociability traits are instead found across the Impulsiveness and 

Neuroticism dimensions (Gartner et al., 2015). Sociability has been studied 

quite extensively in dogs, and although it is similar to ferrets, some of the 

Sociability traits have also been identified within the Responsiveness to 

Training factor (Jones and Gosling, 2005). Although there is no Training 

dimension in ferrets, it is interesting that the trait, obedient, fell within the 

Sociability dimension. This suggests that owners were rating their ferrets’ 

levels of obedience in relation to how sociable they believed their ferret(s) to 

be i.e., an owner may report higher scores on sociability items, the more time 

the ferret spends interacting with their owner during a task involving 

obedience. 

Attentiveness is a personality dimension consisting of traits such as 

intelligent, focused, determined, and purposeful. In previous studies, such 

traits have been dispersed over multiple dimensions. In humans, it is 

analogous to the Open to Experience dimension (McCrae and John, 1992), 

however, in dogs, such traits comprise two different dimensions; Motivation 

and Training Focus (Ley et al., 2009a). When making comparisons with other 

companion animals, it is interesting that those traits relating to training focus 

in dogs, were rated quite differently in ferrets and were thus either eliminated 



49 
 

during the extraction process (i.e., trainability) or loaded on a completely 

different dimensions (i.e., obedient loading on the Sociability dimension). 

This may indicate that, compared to dogs, ferrets are far less focused when it 

comes to training due to the fact that ferrets, not having lived alongside 

humans for as long, are far more independent and not as keen to seek the 

approval of humans. Thus, it appears that ferrets are better compared with 

cats when it comes to trainability, given that cats do not have a personality 

dimension relating to such traits either (Ley and Bennett, 2007; Gartner and 

Weiss, 2013). 

Like Extraversion, the last dimension, Neuroticism, is also related to well-

being (Gartner, 2015) but is of the negative affect and contains such items as 

fearful, anxious, and defensive. This component is also widely studied and is 

found across several species, including humans, dogs, and cats. It is similar 

to the emotional stability factor found in humans (De Raad, 2000) and has an 

influence on approach and avoidance behaviour in a range of situations as 

found previously in dogs (Goddard and Beilharz, 1984) and cats (Gartner, 

2015). Although generally universal, there are slight differences in the traits 

which are represented by Neuroticism, depending on the species. For 

instance, the trait, cautious, is found within the Openness to Experience 

component in humans, whereas in both dogs and ferrets, it is found within the 

Neuroticism factor, and not present at all in cats (Gartner et al., 2015).  

 

2.5.2 Correlations Between Subscales: 

All ferret personality subscales were significantly related to at least one 

other subscale, however, some of these associations were quite weak. The 

strongest positive correlations were between Extraversion and Attentiveness, 

Extraversion and Neuroticism, and Sociability and Neuroticism. Significant 

relationships between personality components have also been found in other 

species such as humans (Goldberg, 1993), hyenas (Gosling, 1998) and dogs 

(Ley et al., 2009a). This is similar to what has previously been found in dogs, 

suggesting that associations between personality components may be of 

evolutionary significance, particularly in companion animals (Ley et al., 

2009a). Furthermore, it is possible that high ratings on the Attentiveness and 

Extraversion dimensions are linked with other aspects of behaviour, such as 

positive environmental interactions- this will require further investigation.  
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2.5.3 Effects of Ferret Characteristics on SR Personality Dimensions: 

Female ferrets were rated as overall less Sociable than males, which could 

be related to the finding that they are also more Neurotic than males. In turn, 

higher levels of Neuroticism in females may could also be why they are 

classed as more Attentive.  

De-sexing did not influence personality in ferrets which is similar to what 

has been found in dogs (Ley et al., 2009a). However, in another study, de-

sexing was found to influence calmness in dogs (Kubinyi et al., 2009). The 

variability in these findings could be the result of singular behaviours being 

the focus of the study, instead of personality as a whole (Gartner, 2015). 

The only significant relationship revealed between personality and age was 

a general decline with age on the Extraversion dimension. Despite the fact 

that personality dimensions are believed to be generally resistant to 

considerable change with time (King et al., 2008), these results were not 

surprising considering this correlation has also been discovered in humans 

and other animals, for instance in dogs (Gosling et al., 2003), especially with 

relation to gregariousness. This can be attributed to the fact that younger 

animals engage in more play behaviour than the older age groups (Bekoff, 

1998). Personality would still be developing in individuals within the 

youngest age group (it is believed that it becomes more consistent with 

increasing age (Svartberg, 2005; Sinn and Gosling, 2008)), whilst individual 

behavioural differences may be more difficult to detect in ferrets within the 

oldest age group (due to increased time spent sleeping, higher likelihood of 

illness etc.).  

 

2.6 Conclusion: 

This study has provided further validation for the use of owner-based trait-

ratings to explore underlying animal personality structure. By using this 

methodology, we have revealed personality does exist in the domestic ferret, 

as in several other non-human species. Thus, comparisons can be made 

between the personality dimensions which have emerge in these species, 

providing further insight into the biological relevance of personality 

differences. On a smaller scale, we can utilise the findings of this research to 

understand the behavioural needs of ferrets so as to cater husbandry and 
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management strategies to individuals, thus overall promoting positive welfare 

in this companion animal. 
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Chapter Three: Investigating the Construct and Convergent Validity of 

Personality Structure in the Domestic Ferret (Mustela putorius furo). 

 

3.1 Abstract: 

Four personality dimensions (Extraversion, Sociability, Attentiveness, and 

Neuroticism) appeared to emerge previously in domestic ferrets (Mustela 

putorius furo) (Chapter Two) by means of owner-based Subjective Ratings 

(SRs) sourced from an online questionnaire. The main objective of the current 

study was to determine the construct and convergent validity of these SR 

personality dimensions. This was achieved by performing a series of 

behavioural tests on 137 ferrets and comparing the researcher’s behavioural 

ratings (BRs) to the previously obtained SR’s. Four BR personality 

dimensions were evident and explained 61.2% of variance in the scores. 

Given the similarity of traits that each BR dimension encompassed, compared 

to the SR dimensions, they were labelled the same: Sociability, Extraversion, 

Neuroticism, and Attentiveness. Although the overall structure of the BR 

dimensions appeared quite similar to the SR dimensions, the weak Pearson’s 

Correlation coefficients between the two sets of dimensions suggest 

discrepancies. This lack of convergence does not render either set of 

dimensions invalid but does suggest that caution should be used in further 

research using trait ratings, and that both the SR and BR dimensions must be 

observed in any subsequent analysis. Finally, sex, de-sexing, and age were 

found to influence at least one BR dimensions and some of these relationships 

were the same as what was found for the SR dimensions i.e. higher 

neuroticism scores for females, whereas some correlations differ completely 

i.e. de-sexing influencing BR Extraversion and Neuroticism, but none of the 

SR dimensions. This study has demonstrated the advantages of utilising a 

multi-method rating approach in capturing different elements of animal 

personality. 

 

3.2 Introduction: 

Animal personality research can provide insight into human personality, 

phylogenetic history, and adaptive significance. It has been widely studied 

across several taxa, including arthropods, birds, fish, reptiles, and mammals 

(Biro and Stamps, 2008). Although widely researched, few studies have 
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attempted to refine or undertake validation techniques beyond the initial 

process of adapting a method to measure personality in the species of focus. 

Limited validation can make comparing personality constructs between 

species a difficult task; if the research being examined is not valid and 

reliable, then neither are the resulting correlations. 

A standard approach in animal personality research is the questionnaire-

rating method which relies on the experience and judgement of human 

observers to summarise a range of behaviours in subjects by using a 

comprehensive list of adjectives (Kubinyi et al., 2015). This technique uses 

Likert scales to rate the adjectives, for example, from zero to three whereby 

the larger the score, the more applicable the adjective to the individual being 

rated. Rating methodology can be divided into two types: subjective rating 

(SR) and behavioural rating (BR). Subjective ratings are dependent on the 

human raters overall perception of an animal's behavioural disposition outside 

of a test situation (Hsu and Serpell, 2003; Kubinyi et al., 2015) and research 

suggests that reliability of measures increases with how well a rater knows 

the subject (Martau et al., 1985; Wemelsfelder et al., 2000). Thus, it is usually 

the animals’ owner or keeper who is selected to conduct SRs. 

Conversely, BR’s are conducted based purely on the behaviour observed 

in one instance, such as during a behavioural assessment or stress test, rather 

than using experience or knowledge of the subjects alone to conduct the 

ratings. Thus, BRs can be conducted by individuals who know very little 

about the animal being assessed and although they may not be as acquainted 

with subjects as owners or keepers are, they nonetheless have been shown to 

provide reliable results between different observers (Martau et al., 1985; 

Wemelsfelder et al., 2000).  

Interestingly, in studies where both questionnaires (SR’s) and behavioural 

tests (BR’s) have been utilised and compared, correlation coefficients 

between ratings and scores measuring the same trait are typically low (0.2–

0.4) (Gosling et al., 2003; Kubinyi et al., 2015; Carrier et al., 2013). An 

possible explanation for this is that interpretation of certain behaviours may 

differ between observers and raters. An exception to this appears to be traits 

which are highly specific and unambiguous (e.g. anxious) which tend to be 

highly correlated (Barnard et al., 2016). One complication is that SR’s and 

BR’s have previously used different adjective lists, making comparison 
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between the two scales difficult. To our knowledge, no studies have been 

conducted using an identical adjective list and Likert scale to perform SR’s 

and BR’s of the same animal in order to examine variation between raters. 

This would be valuable as it would allow us to understand if a difference in 

interpretation is responsible for variation between SR and BR scales. 

To investigate the convergent validity between SR and BR scales, both 

sets of these personality dimensions must be established in the target species. 

Now that four SR personality dimensions (Extraversion, Sociability, 

Attentiveness, and Neuroticism) have been identified in domestic ferrets 

(Mustela putorius furo) by using owner-based SRs (Talbot et al., submitted), 

we can now utilise direct behavioural observations to develop the BR 

personality dimensions.  

The SR ferret personality dimensions were obtained via an online 

questionnaire whereby 743 owners rated 67 adjectives based on their ferret(s) 

behavioural traits. By utilising BR’s of a subgroup of the 1029 ferrets used in 

the questionnaire, we can determine the construct validity of the underlying 

personality structure that was identified in ferrets using SR’s. The degree of 

convergence between the owner (SR’s) and researcher (BR’s) personality 

trait ratings of ferrets will be used to examine the reliability of these scales.  

  

3.3 Methods: 

3.3.1 Subjects: 

Subjects were 137 domestic ferrets (Mustela putorius furo) kept as 

companion animals, for hunting purposes, or a combination of both. Most of 

these subjects (n = 89) were sourced through an online questionnaire (Chapter 

Two) whereby respondents agreed to participate in further research and 

volunteered to have their ferrets behaviourally assessed at their home 

residence. The remaining ferrets (n = 48) were sourced from owners local to 

the researchers before the questionnaire was made available online. Of the 

137 ferrets, 73 were male and 64 were females, and there were more de-sexed 

ferrets (n = 82) than entire ferrets (n = 55). The age group in which most 

subjects fell was ‘less than 2 years’ with 68 (49.6%) ferrets residing in this 

category. There were only six ferrets over the age of 6 years and nine ferrets 

were of unknown age (Table 3.1). 
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Characteristic n Percent 

Sex   

   

Male 73 53.3 

Female 64 46.7 

   

De-sexed   

Yes 82 59.9 

No 55 40.1 

   

Age   

Less than 2 years 68 49.6 

2 - 6 years 54 39.4 

More than 6 years 6 4.4 

Unknown 9 6.6 

 

 

Due to methodological constraints, it was not possible to perform BR 

ratings on all the ferrets identified in Chapter Two, for instance, a large 

proportion were external to Australia. All owners wishing to participate in 

behaviour testing of their ferrets, were required to give written, informed 

consent. 

 

3.3.2 Procedure: 

Each ferret assessed was subjected to nine brief behaviour tests (Table 3.2; 

Fig 3.1) adapted from previous animal personality research (Dowling-Guyer 

et al.,  2011; Valsecchi et al., 2011; Bennett et al., 2012; Mirkó et al., 2013), 

and was designed to assess the traits found to comprise ferret personality 

(Chapter Two). 

All testing was conducted within a large hexagonal canvas crate with a 

diameter 159cm (Fig. 3.1a), placed inside a room of the participants’ home 

which was already familiar to the ferret. The duration of the behavioural 

assessments was approximately 15mins for each ferret with a brief 30-60 sec 

break between tests. All testing was conducted in the morning between 0730h 

and 1100h, depending on the number of ferrets to be assessed per household. 

Table 3.1  

Summary statistics for characteristics of 137 ferrets. 
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After visiting each household of ferrets, the playpen and all objects used 

during behavioural testing were thoroughly cleaned with an enzymatic 

neutralising detergent. It was not possible to clean the playpen and objects 

between testing of different ferrets in the same house, but this was not 

expected to have a significant effect on behaviour since the ferrets were 

already familiar with one another’s scent. 

For each ferret, Behavioural Ratings (BR’s) were conducted by the 

researcher for each of the nine individual behavioural tests within the overall 

behavioural assessment. All behavioural assessments were filmed so that the 

footage could be reviewed and behaviours scored at a later date. A mean score 

was calculated for each trait at the end, justified by the fact that most traits 

had a reliability (Cronbach alpha) score > 0.7 indicating a high level of 

consistency across the different tests (Appendix Two). These mean 

Behavioural Ratings (BR’s) were used for all statistical analyses. 

 

3.3.3 Ethical Note: 

Approval was obtained from the Charles Sturt University Animal Care and 

Ethics Committee (#14/029). All owners wishing to participate in behaviour 

testing of their ferrets, were required to give written, informed consent. 

 

3.3.4 Elimination of Adjectives: 

Although traits scoring of each subject was conducted by the researcher 

using the exact identical adjective list scored by owners in Chapter Two, it 

was discovered that certain adjectives were somewhat ambiguous and 

therefore difficult for the researcher to accurately rate based solely on 

behavioural observations and having no experience with these subjects 

previously. These 11 traits were thus removed from the list.  

Similarly, it was found that certain traits could not be scored unless the 

ferret could be observed interacting with conspecifics, i.e. dominant. As such, 

these traits were not scored given that some households only had one ferret. 

Finally, prior to statistical analysis, the correlation matrix of BR’s was 

scanned and items with a correlation >0.6 were scrutinised, and one trait out 

of the pair was removed since a high r-value indicates that both items are 

describing the same behavioural trait and it is thus redundant to retain both  
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Table 3.2. Outline of behaviour tests used for each ferret. 

Behaviour test Procedure 

Novel area test The canvas crate was divided into four equal sections using black permanent marker. The ferret was placed into one section of the 

crate and remained without interference for approx. three mins to habituate.  

 

Familiar person test/stranger approach 
test 

The owner of the ferret or the researcher stood in the centre of the playpen for one min, only interacting with the ferret if the animal 
initiated the contact. 

 

Novel object test Whilst the owner remained standing in the playpen, three novel objects were introduced one at a time to the ferret for approx. one 

min each. Measurements were taken for each novel object. The three objects used were: 

1. A remote-controlled toy car (neutral) - was remotely driven around the playpen at a slow pace. 

2. A robotic moving rabbit that makes prey-like sound (prey) - toy rabbit was left to move freely throughout the playpen.  

3. A rag that held the scent of an unknown dog on it (predator): prior to the commencement of each test a fresh rag was 

thoroughly rubbed through the coat of a dog known to the researcher. The rag was then placed in a section of the playpen 

away from the ferret and not touched. 

 

Chase test Whilst the researcher remained standing in the playpen, two items were used to illicit a chase response. One at a time the items were 

moved to and fro by the researcher near the ferret. Behaviour ratings were given for both items. The two items were: 

1. A small canvas toy mouse attached to a piece of string on a stick (neutral). 

2. A piece of fresh rabbit hide/skin (prey). 
 

Noise response test Whilst the researcher remained sitting in the playpen, a loud audio recording of a phone ringing (a neutral sound) was played for the 

ferret to hear.   
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Fig. 3.1. (a) The canvas crate in which all behaviour testing was conducted; (b) Toy car used in the Novel Object Test; (c) Animatronic toy 
rabbit used in the Novel Object Test; (d) Rag with unfamiliar dog scent used in the Novel Object Test; (e) Toy mouse used in the Chase Test; 
(f) Rabbit skin/hide used in the Chase Test.  



59 
 

(Berkman and Reise, 2011). Thus, a further 17 adjectives were eliminated 

before proceeding (see Appendix Three for full list of traits removed). 

 

3.3.5 Statistical Analysis: 

All analyses were conducted using SPSS version 20.0 (IBM Corp, 2011). 

The SR mean ratings obtained from Chapter Two were compared with BR 

means for each trait. Considering this method showed that the researcher 

consistently rated lower, or more conservatively for most traits, all BR’s were 

standardised against the population data (the SR values) using the 

standardisation function is SPSS. Only the standardised scores were then used 

in subsequent analyses. 

Assumptions for Principle Component Analysis (PCA) were checked with 

an initial factor analysis of all BR data. PCA with varimax rotation was then 

conducted on the BR’s; the same procedure used in Chapter One to analyse 

the owners SR’s. Sampling adequacy was tested using Bartlett sphericity test 

and the Kaiser–Meyer–Olkin (KMO) (Budaev, 2010). The KMO value was 

greater than 0.6 (KMO = 0.9) (Kaiser, 1970, 1974), the Barlett’s Test of 

Sphericity value was significant (p < 0.01) (Bartlett, 1954) meaning PCA was 

appropriate for the BR data. Multiple converging criteria (scree plot (Cattell, 

1966)) and parallel analyses (Horn, 1965) were utilised to determine the 

appropriate number of factors to retain. 

Similarly to the PCA of the SR’s, a four-factor model was considered the 

best fit for the BR data. Using this model, subscale scores were generated for 

each ferret, in SPSS and these scores were then used to analyse the effects of 

ferret characteristics on personality.  

General Linear Mixed Models (GLMM’s) followed by Tukey’s Honest 

Significant Difference (HSD) tests were used to investigate the main effects 

of ferret characteristics on personality subscale scores allowing for the 

random effect of Owner ID (being that some owners owned multiple ferrets 

in the sample). Statistical assumptions were checked by examining residual 

plots (histograms and scatter).  

To evaluate the similarities and differences between SR and BR 

dimensions, firstly, the mean ratings from owners and the researcher, were 

compared for each trait using independent t-tests. Pearson’s correlations were 

then used to overall compare how well the SR dimensions and BR dimensions 
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converge, however, only 52 ferrets were able to have direct comparisons 

made between their SR and BR scores, given the large amount of missing SR 

trait rating data. 

Inter-correlations between the BR personality dimensions alone were also 

explored using Pearson’s correlations coefficients to test the hypothesis that 

the personality dimensions are significantly related to one another.  

 

3.4 Results: 

Four factors emerged from the PCA which explained a total of 61.2% of 

the variance in the data. The component loadings for each trait (including 

those removed from the model), the eigenvalues for each factor, the 

proportion of the total variance explained by each factor, as well as their 

Cronbach’s alpha values can be seen in Table 3.3.  

Component 1 included traits such as ‘tame’, ‘friendly’, ‘sociable’, and 

‘aggressive’ so was named Sociability. Traits such as ‘excitable’, 

‘extraverted’, ‘outgoing’, and ‘playful’ loaded onto Component 2 and it was 

therefore called Extraversion. The third component was labelled Neuroticism 

as it included traits such as ‘fearful’, ‘scared’, ‘anxious’, and ‘confident’. 

Finally, Component 4 contained traits such as ‘perceptive’, ‘interested’, 

‘analytical’, and ‘purposeful’ and was thus called Attentiveness.  

 

3.4.1 Correlations Between Personality Dimensions: 

The t-tests conducted to compare means of the owner-reported trait ratings 

and researcher-reported ratings, revealed several significant differences 

(Table 3.4). Similarly, when comparing the BR and SR dimensions overall, 

the only significant relationships were within the BR Neuroticism dimension 

(Table 3.5a), and none of these relationships were particularly strong (i.e. 

<0.4) (Pallant, 2002). The strongest was between BR Neuroticism and SR 

Attentiveness (r = 0.333, n = 52, P = 0.016). Two other correlations also 

emerged between BR Neuroticism and SR Extraversion (r = 0.304, n = 52, P 

= 0.028), and between BR Neuroticism and SR Neuroticism (r = 0.298, n = 

52, P = 0.032). 

For the BR personality dimensions alone, Pearson’s Correlation showed 

one weak correlation between the subscales (Table 3.5b), which was for 

Extraversion and Neuroticism (r = 0.241, n = 84, P = 0.027).  



61 
 

 

3.4.2 Effects of Ferret Characteristics on BR Personality Dimensions: 

Within the Sociability dimension, GLMM’s revealed that females (0.099 

± 0.151) generally achieved a higher mean sub-scale score than males (-0.235 

± 0.149); F(1, 120.145) = 4.347, P = 0.039. However, females (0.350 ± 

0.0.189) were also found to be more neurotic than males (-0.012 ± 0.188); 

F(1, 112.107) = 7.925, P = 0.006. Conversely, males (0.231 ± 0.163) were 

rated higher than females (-0.107 ± 0.165) on Extraversion; F(1, 113.740) = 

4.768, P = 0.031 (Fig. 3.2).  
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Table 3.3  

Principal component analyses results for 137 ferrets based on BR’s of 32 traits. 

 

 Component number and label 

 

             1               2                 3               4 

 
 

  Sociability 

 

Extraversion 

               

Neuroticism 

 

Attentiveness 

     

Eigenvalues 5.531 5.378 4.436 3.639 
% of variance explained 17.841 17.349 14.310 11.740 

Cronbach’s Alpha 0.007 0.867 -0.260 0.680 

     

Traits analysed: 

Traits retained in model: 

    

     

Tame  -0.841 0.098 -0.111 -0.100 

Erratic  0.744 -0.007 0.443 -0.048 

Docile  -0.734 -0.337 0.079 -0.080 

Calm  -0.697 -0.298 -0.457 -0.067 

Friendly  -0.624 0.291 0.111 -0.184 
Compulsive  0.613 -0.104 0.475 -0.189 

Sociable  -0.598 0.465 0.072 -0.093 

Aggressive  0.419 0.202 0.038 0.263 

Excitable  0.067 0.858 0.043 0.108 

Extraverted  0.063 0.852 0.114 0.093 

Playful  -0.017 0.808 0.004 -0.037 

Outgoing  -0.175 0.798 0.081 0.041 

Zealous  0.519 0.660 -0.006 0.219 

Affiliative  -0.031 0.598 0.170 0.103 

Vocal  0.093 0.442 -0.145 0.173 

Fearful  0.228 0.006 0.842 0.034 

Scared  0.300 0.016 0.776 0.053 

Confident  -0.308 0.285 -0.757 0.093 

Consistent  0.058 -0.118 -0.701 -0.114 
Predictable  0.066 -0.137 -0.693 -0.093 

Anxious  0.619 -0.174 0.624 -0.098 

Independent  0.140 -0.240 -0.543 -0.034 

Perceptive  0.265 0.204 0.027 0.741 

Interested  -0.226 0.474 -0.148 0.703 

Analytical  -0.262 -0.257 -0.087 0.686 

Alert  0.340 0.240 0.002 0.597 

Eager  0.109 0.560 0.184 0.576 

Purposeful  0.424 0.059 0.137 0.544 

Nosey  -0.388 -0.259 0.095 0.541 

Persistent  0.339 0.242 0.112 0.522 

Carefree  -0.467 -0.196 -0.226 -0.499 

Traits removed from 

model due to weak 

loadings: 

    

Exploratory 0.016 0.120 -0.228 0.242 
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Table 3.4 

Comparison between the mean subjective rating (SR) scores and behavioural rating (BR) 

scores. P values < 0.05 indicate a significant difference between the means for that trait. 
 

  Mean (S.E)   

Trait n (ferrets) Owners (SR) Researcher (BR) T Value P 

Affiliative 84 2.04 (0.09) 0.81 (0.08) 11.03 <0.001 

Aggressive 87 0.68 (0.11) 0.03 (0.01) 6.05 <0.001 

Alert 83 2.33 (0.08) 2.43 (0.05) -1.19 0.24 

Anxious 85 0.65 (0.09) 0.64 (0.07) 0.07 0.95 

Assertive 47 2.09 (0.12) 0.17 (0.08) 14.14 <0.001 

Attentive 83 2.29 (0.09) 1.65 (0.07) 5.3 <0.001 

Boisterous 85 1.82 (0.10) 0.18 (0.03) 15.65 <0.001 

Bold 84 2.12 (0.09) 2.22 (0.05) -0.93 0.36 

Calm 82 1.85 (0.10) 1.20 (0.09) 5.14 <0.001 

Carefree 82 2.01 (0.10) 0.74 (0.06) 11.11 <0.001 

Cautious 81 1.14 (0.11) 0.37 (0.05) 6.57 <0.001 

Compulsive 81 1.25 (0.12) 0.44 (0.07) 5.79 <0.001 

Confident 82 2.43 (0.08) 1.98 (0.07) 4.02 <0.001 

Defensive 48 1.69 (0.12) 0.15 (0.08) 10.58 <0.001 

Determined 81 2.25 (0.09) 1.04 (0.09) 10.42 <0.001 

Docile 83 1.93 (0.10) 1.23 (0.11) 5.5 <0.001 

Dominant 48 1.44 (0.15) 0.25 (0.10) 6.77 <0.001 

Eager 83 2.17 (0.10) 0.94 (0.08) 10.24 <0.001 

Enthusiastic 82 2.26 (0.07) 0.50 (0.07) 17.03 <0.001 

Erratic 85 1.08 (0.11) 0.63 (0.08) 3.13 <0.001 

Excitable 82 2.15 (0.09) 0.20 (0.03) 20.33 <0.001 

Exploratory 83 2.40 (0.07) 2.58 (0.07) -1.92 0.06 

Extraverted 82 1.99 (0.10) 0.46 (0.05) 13.32 <0.001 

Fearful 83 0.66 (0.09) 0.23 (0.04) 4.34 <0.001 

Focused 81 2.23 (0.08) 1.50 (0.06) 7.61 <0.001 

Friendly 85 2.33 (0.08) 2.12 (0.05) 2.46 0.02 

High Strung 83 2.16 (0.08) 0.46 (0.08) 14.45 <0.001 

Hyperactive 86 0.47 (0.08) 0.27 (0.05) 2.1 0.04 

Impulsive 84 1.15 (0.11) 0.73 (0.08) 3.18 <0.001 

Inquisitive 82 1.48 (0.11) 1.31 (0.05) 1.32 0.19 

Interactive 84 2.45 (0.07) 1.00 (0.03) 17.96 <0.001 

Interested 82 2.05 (0.08) 1.43 (0.04) 7.3 <0.001 

Outgoing 79 2.14 (0.08) 1.13 (0.08) 8.78 <0.001 

Playful 77 2.08 (0.11) 0.12 (0.02) 16.76 <0.001 

Relaxed 81 2.14 (0.11) 1.17 (0.09) 6.59 <0.001 

Scared 81 2.33 (0.07) 0.21 (0.04) 25.48 <0.001 

Skittish 83 2.05 (0.09) 0.31 (0.06) 17.51 <0.001 

Sociable 85 0.49 (0.10) 1.89 (0.06) -13.28 <0.001 

Submissive 48 0.69 (0.14) 0.17 (0.07) 3.31 <0.001 

Vocal 81 0.95 (0.12) 0.21 (0.04) 5.64 <0.001 

Wary 85 2.44 (0.08) 0.38 (0.05) 24.94 <0.001 

Zealous 83 1.23 (0.11) 0.37 (0.05) 6.75 <0.001 

Analytical 85 1.09 (0.12) 0.58 (0.05) 4.38 <0.001 
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Table 3.4 continued. 

  Mean (S.E)   

Trait n (ferrets) Owners (SR) Researcher (BR) T Value P 

Consistent 78 2.15 (0.10) 2.39 (0.03) -2.21 0.03 

Frivolous 84 1.18 (0.11) 0.15 (0.03) 8.87 <0.001 

Independent 83 0.71 (0.11) 2.29 (0.06) -12.18 <0.001 

Nosey 81 2.12 (0.09) 1.25 (0.07) 7.48 <0.001 

Perceptive 83 2.14 (0.10) 1.71 (0.07) 3.5 <0.001 

Persistent 81 2.01 (0.08) 1.32 (0.09) 6.28 <0.001 

Predictable 82 2.27 (0.08) 2.25 (0.06) 0.22 0.83 

Protective 55 2.15 (0.11) 0.86 (0.15) 7.43 <0.001 

Purposeful 80 2.14 (0.10) 1.43 (0.09) 4.71 <0.001 

Self-assured 52 1.73 (0.13) 1.85 (0.14) -0.63 0.53 

Sensitive 77 2.19 (0.09) 0.69 (0.10) 11.24 <0.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.5a Pearson’s correlations between the four SR personality subscales and the four BR 
personality subscales. 

 

Table 3.5b Pearson’s correlations between the four BR personality subscales for ferrets. 
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De-sexing was found to have a significant effect on the Extraversion 

dimensions whereby entire ferrets (0.297 ± 0.172) were more extraverted than 

de-sexed ferrets (-0.120 ± 0.145); F(1, 119.818) = 5.309, P = 0.023. Entire 

ferrets (-0.048 ± 0.219) were also found to be less neurotic than de-sexed 

individuals (0.289 ± 0.201); F(1, 129.147) = 4.283, P = 0.040 (Fig. 3.3). 

A General Linear Mixed Model analysis with Tukey’s post hoc tests 

revealed a statistical difference between the age groups on the Extraversion 

dimension (F(2,110.88) = 10.302, P < 0.001), whereby the younger the ferret, 

the higher the extraversion sub-scale score (less than 2 years = 0.380 ± 0.139; 

2-6 years of age = -0.375 ± 0.148; more than 6 years old = -0.468 ± 0.412) 

(Fig. 3.4a). Attentiveness was also found to be influenced by age (F(2,94.27) 

= 8.04, P = 0.001). That is, ferrets aged less than 2 years of age (0.306 ± 

0.117) are far more Attentive than ferrets which are 2-6 years of age (0.-0.294 

± 0.131) or more than 6 years old (-0.772 ± 0.391) (Fig. 3.4b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2. Mean sub-scale scores for each BR personality dimension, 

split by sex ± 2 standard errors. * indicates a significant difference 

between sex at the α = 0.05 level 

 



66 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.3. Mean sub-scale scores for each BR personality 

dimension, split by de-sexing status ± 2 standard errors. * 

indicates a significant difference between de-sexing status at 

the α = 0.05 level 

 

Fig. 3.4a. Mean sub-scale scores for each BR personality 

dimension, split by age group ± 2 standard errors. * 

indicates a significant difference between de-sexing 
status at the α = 0.05 level 
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3.5 Discussion: 

The primary aim of the current study was to validate the personality 

structure previously identified using subjective trait ratings (SR’s) of 1029 

ferrets, in Chapter Two. This was attempted via use of behavioural ratings 

(BR’s) conducted on 137 of the 1029 ferrets, by the researcher based only on 

behavioural observations across certain situations. Despite the similarities in 

composition of BR and SR personality dimensions, there was a significant 

discrepancy between how the researcher and ferret owners rated ferret 

personality traits. 

Like the PCA of SR’s (Chapter Two), a four-factor solution emerged from 

the PCA conducted on the BR’s, which accounted for 61.2% of the variance 

in scores. These factors were labelled according to the types of traits in which 

they encompassed and were thus given the same labels as the SR personality 

dimensions: Sociability, Extraversion, Neuroticism, and Attentiveness. 

The Cronbach alpha values for the Sociability, Neuroticism, and 

Attentiveness dimensions should be noted. Whilst Sociability and 

Neuroticism were considerably lower than the accepted value of 0.7 (0.007 

and -0.260, respectively), Attentiveness fell just short of this at 0.680. 

Although this may pose an issue for constructs such as cognitive tests, this is 

not overly-concerning for this exploratory method of identifying personality 

Fig. 3.4b. Mean BR Attentiveness subscale scores according to age 

group ± 2 standard errors. * indicates a significant difference at the 

group P < 0.05 level (Tukey’s HSD).  
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dimensions. It is likely to be simply due to the diversity within each factor 

(i.e. a combination of positive and negative Principal Component (PC) 

values) (Field, 2013). 

 

3.5.1 A Comparison of SR and BR Ferret Personality Dimensions: 

As can be seen from Table 3.4, only seven traits (Alert, Anxious, Bold, 

Exploratory, Inquisitive, Predictable, and Self-assured) were rated similarly 

by the ferret owners and the researcher. This is comparable to what has been 

found previously (Kubinyi et al., 2015; Gosling et al., 2003; Carrier et al., 

2013) indicating that only traits that are quite specific and lack ambiguity can 

be similarly rated. 

When observing the overall difference across dimensions, the main 

difference between the SR and BR personality factors is that the number of 

traits within the BR dimensions is considerably less than the number of traits 

comprising the SR dimensions. This is largely due to the correlation matrix 

revealing that several of the words were describing the same trait; a process 

that was not possible with the SR’s given the high amount of variability in the 

ferret owners’ scoring.  

Despite these differences, when glancing across the two sets of 

dimensions, they still appear somewhat similar in their structure. For instance, 

both SR and BR Extraversion consist of key traits such as Excitable, Playful, 

Outgoing, and Zealous. For Sociability, Tame, Docile, Calm, Friendly, and 

Aggressive emerged on the SR and BR dimensions. Within the SR and BR 

Attentiveness dimensions, identical traits that emerged were Perceptive, 

Analytical, Alert, Purposeful, and Persistent. Finally, traits including Fearful, 

Scared, and Anxious can be found in both the SR and BR Neuroticism factor.  

This would suggest that despite the considerable discrepancies between the 

individual scores from ferret owners and the researcher, the underlying 

patterns or structure amongst these traits are nonetheless similar. However, 

the Pearson’s Correlations between the SR and BR dimensions suggest a lack 

of convergence. A potential reason for this may be that only 52 ferrets of the 

total 137 ferret sub-sample could be used when performing these correlation 

analyses, due to the large number of missing Subjective Ratings for these 

ferrets. It is nonetheless interesting that when directly comparing SR 

dimensions with their BR counterparts, only the Neuroticism dimension was 
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found to be similar. Neuroticism is a universal dimension found within many 

species though, and likely contains traits that are clear and unambiguous, 

meaning they will be rated similarly regardless of who is performing the 

ratings.  

Overall, the lack of convergence is consistent with what has been found in 

previous personality research; sometimes, two reliable methods utilised to 

measure personality will fail to converge strongly (McGarrity et al., 2016). 

An explanation for this, in accordance with measurement theory is that one 

method is simply capturing a different aspect of personality than the other, 

and vice versa (Furr and Funder 2007; Freeman et al., 2011; McGarrity et al., 

2016). However, another obvious explanation is the vastly differing sample 

size of ferrets that were used to develop the Subjective Rating and 

Behavioural Rating Dimensions, as well as the amount of missing SR’s for 

those ferrets that were also used for BR’s. 

 

3.5.2 Effects of Ferret Characteristics on BR Personality Dimensions: 

Sex of ferrets was found to be significant on three of the BR personality 

dimensions: Extraversion, Sociability, and Neuroticism. Female ferrets were 

found to rate higher on the BR Sociability dimension compared to males, but 

scored less than males overall, for BR Extraversion. The only similarity found 

was that for both SR and BR Neuroticism, females scored far higher than 

males. 

Sex has previously been linked to differences in personality dimension 

ratings in other species, including humans (Costa et al. 2001). Specifically, 

males and females have already been shown to display significantly differing 

levels of sociability (Kubinyi et al., 2009) activity, and opportunistic factors 

(McGuire et al., 1994; Johnson et al., 2015; Lopes et al., 2017). It is not 

surprising that this study had shown that females express higher levels of 

neurotic traits given their roles in rearing and protecting multiple offspring, 

just as males are more likely to be aggressive and thus rate lower on 

Sociability, given their necessity to compete for females (Borchelt, 1983). 

This study also demonstrated that de-sexing significantly influenced BR 

Extraversion and Neuroticism whereby entire ferrets were rated as overall 

more Extraverted and less Neurotic than de-sexed individuals. This is in line 

with what has been reported previously for both dogs (Ruefenacht et al., 
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2002) and cats (Bennett et al., 2017), whereby entire animals are calmer and 

less nervous (Kubinyi et al., 2009) 

When it came to ferret age, the same relationship emerged for both SR and 

BR Extraversion personality dimensions; Extraversion score significantly 

decreased with increasing age. However, BR Attentiveness was also found to 

be a significant affected by age where Attentiveness score decreased with 

increasing age, as with Extraversion. This was not observed for the SR 

Attentiveness dimension.  

Younger ferrets being overall more extraverted and attentive makes 

biological sense given their higher energy levels, longer periods of activity 

and desire to interact with and learn about their environment (Fisher, 2006). 

For instance, kits (young ferrets) undergo a critical learning and socialisation 

period in their first 12 weeks, involving constant interaction and play with 

littermates, which is important for dominance behaviour learning. This period 

is also crucial for mother kit-interactions where a mother ferret will often tug 

and pull at her kits as a means of teaching discipline and control (Boyce, 

2001). Conversely, older ferrets spend more time sleeping and demonstrate 

shorter, more frequent periods of activity (Fisher, 2006).  

This finding is consistent with the age-effects found in cats (Bennett et al., 

2017), dogs (Kubinyi et al., 2009; Ley et al. 2009a) and humans (McCrae et 

al., 1999). From a genetic perspective, it is expected that certain phenotypic 

traits will vary at times due to differences in gene expression at differing ages 

(Stamps and Groothuis, 2010). 

The effects of ferret characteristics on SR and BR personality dimensions, 

are to be expected given that these characteristics are depicting what is typical 

behaviour for a specific group. However, these characteristics do not explain 

much of the variation that is being observed; suggesting it is occurring at an 

individual-level, rather than a group-level (Graunke et al., 2013). 

 

3.6 Conclusion: 

This study has demonstrated the known advantages and disadvantages of 

subjective and behavioural ratings. Behavioural ratings are likely to be more 

consistent and objective assuming that there are few people scoring 

behavioural traits compared to subjective ratings. Conversely, subjective 

ratings are advantageous given that they provide a broader, more 
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comprehensive insight into personality, which was demonstrated in this study 

by the fact that numerous traits on the subjective ratings word list, could not 

be used for the behavioural ratings. Without the familiarity with each 

individual ferret, it is impossible for a researcher to give an accurate score for 

those removed traits, and the standard behavioural tests used simply do not 

illicit such behaviour.  

Given that the two assessment methods used in this study did not converge 

strongly, it is impossible to know which provides the most accurate 

representation of ferret personality structure. It would thus be wise to proceed 

with caution in future research and to include both SR and BR personality 

dimensions in any subsequent analyses. 

The next step in the process of assessing the construct validity of these 

personality dimensions, is to assess whether they can predict actual ferret 

behaviour that is representative of the traits that they contain. Quantitative 

measures taken throughout the behavioural testing phase (i.e. latency to 

approach and time spent performing certain activities, for instance) should 

also be examined to determine how well they align with the SR and BR 

personality dimensions.    
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Chapter Four: Validation of Personality Dimensions in the Domestic 

Ferret (Mustela putorius furo) via Standardised Behavioural Tests 

 

4.1 Abstract: 

Two sets of personality dimensions have been discovered in the domestic 

ferret (Mustela putorius furo). The first set contained dimensions from 

Subjective Ratings (SR’s) of a list of traits provided by ferret owners and were 

labelled Extraversion, Sociability, Attentiveness, and Neuroticism based on 

the groups of traits they encompassed (Chapter Two). The second set of 

personality factors were developed from Behavioural Ratings (BR’s) of the 

same list of traits by the researcher after observing behaviour during a series 

of standardised behaviour tests (Chapter Three). Given that they were 

composed of similar trait groupings, these dimensions were labelled with the 

same broad titles of the SR’s. Convergent validity of the two sets of 

dimensions was investigated but showed that although they have similar trait 

compositions, they are not strongly correlated and thus both sets should be 

included in further analysis. The aim of the current study was to establish the 

construct and predictive validity of both SR and BR dimensions. To 

accomplish this, behavioural variables were coded for the 137 ferrets from 

video footage taken previously of the behaviour tests. All BR personality 

dimensions were found to be strong predictors of several behavioural 

variables, whereas only a few correlations were found for the SR dimensions. 

To provide further validation of the coding method used in this study, inter-

rater reliability coefficients and test-retest coefficients were calculated for the 

two researchers and the two administrations of the behaviour tests, 

respectively. Although the inter-rater reliability values were strong, the test-

retest coefficients were not, suggesting excellent reliability in the 

methodology, but not repeatability. Possible reasons for this low level of 

repeatability, are explored.  

 

4.2 Introduction: 

Research into behavioural variation of individuals, commonly referred to 

as personality, was once only confined to human psychology, but has recently 

branched out to encompass various taxa including companion animals. There 

is already a wide array of personality and behavioural assessment tools that 
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have been developed for companion animals (predominantly dogs) and have 

ranged from questionnaires (i.e. CBAR-Q and MCPQ-R) to temperament 

tests (Harvey et al., 2016). Such assessment tools can assist when selecting 

animals, such as dogs, for working programs (Sinn et al, 2010; McGarrity et 

al., 2016) and re-homing previously unwanted animals (Taylor and Mills, 

2006).  

Now that some of the personality research on companion animals has been 

appropriately validated (Hsu and Serpell, 2003; Ley et al., 2009a; Ley et al., 

2009b), it would be useful to adapt these techniques to develop assessment 

tools for pets that were once uncommon and classified as more exotic (e.g., 

rats, guinea pigs, rabbits, and ferrets). Whilst initial research has been 

conducted in some of these species (Mullan and Main, 2007; Aguilar et al., 

2003), further validation is required for development of personality 

assessment tools. For instance, much of the research conducted so far has 

utilised one method alone (either rating or coding) rather than taking a 

multimethod approach (Gosling, 2001; Uher and Asendorpf, 2008). 

The multimethod approach can aid in establishing whether different 

assessments are in fact measuring the same underlying construct (Gosling and 

John, 1999; Rouff et al., 2005; Konečná et al., 2008). Studies which have used 

this approach have shown that the factors obtained from both observer ratings 

and behavioural coding, resemble one another indicating that real attributes 

of the individuals are able to be measured by personality ratings (Mirkó et al., 

2013). 

We have chosen the domestic ferret (Mustela putorius furo) to use as a 

model to undertake a multimethod approach of personality research and 

validation, given that some key ferret behaviours are still not well understood. 

For instance, many people inexperienced with ferrets believe the sole 

motivation for biting behaviour is aggression. However, ferrets are known to 

use their mouths in a verity of behaviours, including play (Poole, 1973; Poole 

1978), attention seeking, defence, hunting, fear, and in response to pain 

(Fisher, 2006) and hence, biting is likely motivated by various factors other 

than aggression. If personality dimensions are associated with biting 

behaviour in ferrets, then we can utilise this information to predict those 

individuals more likely to bite in different situations. This in turn can be 
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useful in the education of ferret owners and to reduce the incidence of ferret 

surrenders to shelters (Weiss et al., 2012).  

Two sets of ferret personality dimensions have been developed using 

Principal Component Analysis (PCA) on trait ratings of domestic ferrets 

(Chapters Two and Three). The first set of personality factors was developed 

using Subjective Ratings (SR's) from ferret owners. Owners rated how 

applicable each of 67 traits were to their ferret(s), which allowed their 

experience of their ferret's behavioural tendencies over time and in different 

contexts to be usefully consolidated into four personality dimensions." (Hsu 

and Serpell, 2003; Ley et al., 2009).  

The second set of personality dimensions was developed using behavioural 

rating (BR) conducted by the researcher during a series of standardised 

behavioural tests. Because the researcher was unfamiliar with all the ferrets 

assessed, these BR’s were based purely on the observations of the ferret’s 

behaviour throughout the testing phase and is thus far more conservative than 

the SR’s and likely more consistent as the scoring was undertaken by the 

researcher alone, rather than a large group of participants.  

Although, the SR and BR dimensions are comprised of similar traits and 

thus labelled the same i.e. Extraversion, Sociability, Attentiveness, and 

Neuroticism, the two sets of dimensions did not strongly correlate (see 3.4.1), 

indicating substantial differences between the two sets of dimensions. Thus, 

both sets will be utilised in further analyses to explore whether these two sets 

of dimensions are able to predict several key ferret behaviours and if the 

relationships that emerge make biological sense. 

Now that ferret personality has been thoroughly examined using the rating 

method, we can conduct further measures of validity and reliability to combat 

the issue of subjectivity (Belshaw et al., 2015). A common method in both 

human and animal personality research involves coding of behaviour (Netto 

and Planta, 1997). The coding method utilises ethograms for a target species 

and thus consists of species-specific behaviours (Altmann, 1974). The coding 

method is considered more objective than the rating method as the behaviour 

is measured quantitively i.e. presence or absence, frequency counts, latency 

to, and time spent performing a behaviour (Poulsen et al., 2010; Wilsson and 

Sinn, 2012). 
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Some standardised behaviour tests commonly used include the open field 

test (or novel arena/area test), response towards humans, novel objects, and 

potential predators. Such tests are useful in measuring key behavioural traits 

such as boldness and exploration given that the context of the test is able to 

be manipulated by the researcher (Réale et al., 2007). For instance, latency to 

approach the target stimuli is a common measure in these tests, with a long 

latency being an indication of neophobia. Activity level of the subject 

throughout testing is also a good indicator of behavioural disposition. For 

example, a high level of activity may be interpreted as escape behaviour 

which may in turn reflect fear, however, it could also be interpreted as socially 

motivated in outgoing animals if they are attempting to re-join their 

conspecifics (Boissy and Bouissou, 1995).  

In addition to standardised behavioural tests that can be utilised for 

personality across a variety of species, assessment measures which aim to 

elicit species-specific behaviour should also be incorporated (Altmann, 

1974). Domestic ferrets were specifically bred and utilised by humans to hunt 

small animals, such as rabbits and rodents, and thus have a strong hunting 

instinct including strong prey drive and chase behaviour (Fox et al., 1998). 

Given this, it is imperative develop behavioural assessments which capture 

the species-species behaviour which reflects their evolutionary history as 

hunters, for example, chase-proneness (Svartberg, 2006) and biting 

behaviour.  

Behaviour coding can assist with determining the construct and predictive 

validity of personality dimensions that have emerged in a species previously 

via trait rating alone. If the personality dimensions are a valid representation, 

then observed behaviour during testing should be in line with the behavioural 

traits that are represented by each dimension and we should be consistent 

correlations between behaviours and trait definitions (Pederson et al., 2005).  

Furthermore, any behavioural measurement should be both reliable i.e., be 

similar when conducted by multiple observers, and repeatable across time. 

This is often determined via use of inter-rater reliability and test-retest 

methodology (Fairbanks and Jorgensen, 2011). 

The aims of the current study were: (1) Ascertain to what extent the 

previously developed SR and BR personality dimensions predict ferret 

behaviour, i.e., predictive validity, as well as the construct and discriminant 
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validity and; (2) Determine the inter-rater reliability and test-retest 

repeatability of the behavioural coding method used. 

 

4.3 Methods: 

4.3.1 Subjects: 

Subjects were 137 domestic ferrets (Mustela putorius furo) kept as 

companion animals, for hunting purposes, or a combination of both. Most of 

the subjects were sourced through an online questionnaire from a previous 

study (Chapter Two) whereby respondents agreed to participate in further 

research and volunteered to have their ferrets behaviourally assessed at their 

home residence. At the conclusion of the questionnaire these participants 

were contacted to arrange the behaviour testing of their ferret(s) in their home. 

The remaining ferrets were sourced from local owners before the 

questionnaire was made available online. 

 

4.3.2 Procedure: 

Each ferret was subjected to nine brief behaviour tests (Table 4.1) adapted 

from previous animal personality research (Dowling-Guyer et al., 2011; 

Valsecchi et al., 2011; Bennett et al., 2012; Mirkó et al., 2013), and designed 

to assess the traits found to comprise ferret personality (Chapter Two). 

All testing was conducted within a large hexagonal canvas crate with an 

open roof (Fig. 4.1). The crate was placed inside a room of the participants’ 

home which was already familiar to the ferret. The duration of the behavioural 

assessments was approximately 15mins for each ferret and was conducted of 

a morning between 0730 and 1100, depending on the number of ferrets to be 

assessed per household. All behavioural assessments were filmed so that the 

footage could be reviewed, and behaviours coded at a later date. 

The crate and all objects were cleaned (toy car, toy rabbit, and toy mouse) 

using disposable hospital grade disinfectant wipes after visiting each 

household of ferrets. Cleaning did not occur after each animal due to 

impracticality (as ferrets within the one household were tested in the one day 

directly after one another) and the fact that ferrets residing in one household 

were already familiar with one another’s scent. 
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4.3.3 Behaviour Variables Measured: 

Four common behaviours, biting, vocalisation, escaping, and piloerection, 

were dichotomously coded as either present (1) or absent (0) in each test (Fig. 

4.2a-c).  

The most common vocalisation in ferrets is a chuckling noise commonly 

referred to as “dooking”. Ferrets can perform this vocalisation in a variety of 

contexts, thus, it was recorded whenever it occurred throughout the behaviour 

testing. 

Escape behaviour is common in domestic ferrets and was considered 

present in this study if the ferret attempted to climb the wall of the crate (novel 

area) and/or successfully escaped during testing.   

Piloerection is another frequently occurring behaviour in ferrets and was 

recorded as present if fur on any part of the ferret (most commonly the tail) 

stood on end. 

Finally, biting behaviour was exclusively measured in the Familiar Person 

and Stranger Approach tests given that it was difficult to assess this behaviour 

throughout the other tests. For example, the novel object assessment where it 

was only possible for subjects to bite one of the three objects (toy rabbit), 

rendering it impossible to make comparisons in the incidence of biting based 

solely on the object present. Thus, biting behaviour was considered present if 

the ferret made biting contact with any part of a person, including shoes and 

clothing. 

Quantitative continuous measurements were also taken and included 

proportions of time spent performing certain activities and latency to perform 

certain behaviours (secs) (see Table 4.2 for how these variables were 

measured).  
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Table 4.1 

Outline of behavioural test methods and measurements taken during each. Behaviour was measured on a binary scale as present (1) or absent (0). 

Quantitative measures were recorded in secs or proportions of time. 
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Fig. 4.1. (a) The canvas crate in which all behaviour testing was conducted; (b) Toy car 

used in the Novel Object Test; (c) Animatronic toy rabbit used in the Novel Object 

Test; (d) Rag with unfamiliar dog scent used in the Novel Object Test; (e) Toy mouse 

used in the Chase Test; (f) Rabbit skin/hide used in the Chase Test.  

 

Fig. 4.2. Dichotomously coded ferret behaviours: 

(a) Escape; (b) Biting; (c) Piloerection. 
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4.3.4 Reliability and Repeatability: 

To determine the reliability of the researchers’ behaviour scoring and 

quantitative measurements, video data from a small randomly selected sub-

sample of ferrets (12 of the 137) was assessed independently by both the 

researcher and an assistant (inter-rater reliability). Prior to this, the research 

assistant was trained to assess ferret behaviour by observing the researcher 

conducting behaviour scoring. This was followed by the assistant conducting 

their own behavioural assessments via watching trial behaviour footage, until 

comfortable that they were scoring in a similar manner to the researcher.  

To test whether personality traits are repeatable across time, behavioural 

testing was again conducted by the researcher, six months after initial testing 

on 10 of the 137 ferrets (test-retest). These 10 subjects were different from 

the 12 utilised in the inter-rater reliability procedure and were selected based 

on the availability of owners to again participate in the research  

 

4.3.5 Ethical Note: 

Approval to conduct this experiment was obtained from the Charles Sturt 

University, Animal Care and Ethics Committee (#14/029). 

Table 4.2 

Description of quantitative variables measured. 
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4.3.6 Statistical analysis: 

We used a combination of binary logistic and linear regression models to 

assess whether the eight different personality dimensions (four SR and four 

BR) were significant predictors of ferret behaviour and quantitative measures. 

For logistic regression, the fit of the models was examined using the Hosmer-

Lemeshow goodness of fit test (Hosmer and Lemeshow, 2000), whilst 

residual plots of linear regression models were checked. Proportional 

variables that did not meet the assumption of normality were arcsine-

transformed (Sokal and Rolf, 1981) and positively skewed latency variables 

were log-transformed (Chai and Bailey, 2008). 

To estimate inter-rater reliability and test-retest reliability Cohen’s Kappa 

(Cohen, 1960) was used for the binary scored behaviours, whilst intraclass 

correlation coefficients (ICC) were used for the continuous behavioural 

measures. Cronbach’s alpha was a suitable coefficient for the inter-rater 

reliability measures, however, Lin’s Concordance Correlation Coefficient 

was used for assessing test-retest reliability given the small group size of 

ferrets re-tested and the large difference in scores between the first 

administration of the behaviour tests and the second (Lin, 1989).  

All analyses were conducted using SPSS version 20.0 (IBM Corp, 2011). 

 

4.4 Results: 

4.4.1 Descriptive Statistics: 

For the four key behaviours that were dichotomously scored as either 

present or absent, all were found to occur by a minority of ferrets across all 

behaviour tests, that is, most ferrets did not show these behaviours overall 

(Table 4.3a). 

For the continuous measures of behaviour, Table 4.3b shows that ferrets 

were generally quick to approach both people and objects with all latency to 

approach means being <5sec. In behaviour tests where ferrets were given a 

choice between interacting with an object and spending time with their owner 

or the researcher, they were overall found to spend a higher proportion of time 

with the object. 
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 (a)  (b) 

Table 4.3  

Descriptive statistics of the 137 ferrets for (a) binary scored behaviour, and; (b) Continuous behavioural variables. 
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4.4.2 Extraversion: 

The BR Extraversion dimension was found to be a significant predictor of 

three of the four ferret behaviours measured; vocalisation, escape behaviour, 

and biting (Table 4.4, Fig. 4.3). The most common was vocalisation as it was 

significant across most of the tests, suggesting the more extraverted the ferret, 

the more likely they are to vocalise.  

Ferrets that rated highly on the BR Extraversion dimension were almost 

twice as likely to bite their owners in the familiar person test, and 1.5 times 

as likely to bite the researcher in the unfamiliar person test. Furthermore, the 

more extraverted the ferret, the chance of them attempting escape during the 

Chase Tests was halved. 

Finally, escaping was the only behaviour found to be significantly 

correlated to the SR Extraversion dimension; during the Novel Area Test, 

ferrets were more than twice as likely to attempt escape with every unit on 

the SR Extraversion scale. This same pattern was observed when the BR 

Extraversion was set as the predictor, however it was not statistically 

significant.  

As displayed in Table 4.5, there were found to be positive correlations 

between the BR Extraversion dimension and the proportion of time ferrets 

spend interacting with novel objects, their owner, and the researcher, meaning 

that the more extraverted the ferret, the more time it was likely to spend with 

objects and people. The exception to this was the weak negative relationship 

between BR Extraversion and proportion of time spent with the researcher 

during the Chase Test (rabbit skin), indicating that the less extraverted the 

ferret, the more time it will spend with the researcher. A negative correlation 

also emerged between BR Extraversion and time spent sniffing the novel area, 

that is, the more extraverted the ferret, the less time spent investigating.  

There was one significant correlation found for BR Extraversion and a 

latency variable, which was for the Chase Test (rabbit skin) whereby the more 

extraverted the ferret, the quicker it was to approach the rabbit skin.  

As for SR Extraversion, only one significant positive correlation was 

identified for SR Extraversion, which was latency to grab the toy mouse 

(Chase Test). 
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Table 4.4 

Significant logistic regression models for ferret behaviour across various behaviour tests, where Extraversion (SR or BR) is the predictor. 
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Fig. 4.3. Forest plots of Odds Ratios (OR) and 95% CI for ferret behaviour across all behaviour tests, for the BR Extraversion personality dimension. Significant models are 
highlighted in bold accompanied by an asterisk (*). 
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Table 4.5 

Significant linear regression models for ferret quantitative behavioural measures across various tests, where Extraversion (SR or BR) is the predictor. 
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4.4.3 Sociability: 

Similarly to BR Extraversion, the BR Sociability dimension was also 

found to be a significant predictor of vocalisation, escape behaviour, and 

biting (Table 4.6, Fig. 4.4). In fact, the same correlation between biting and 

BR Extraversion, emerged for BR Sociability. That is, in both the Familiar 

Person Test and the Stranger Approach test, biting was more likely to occur 

with increasing BR Sociability score, whereby highly sociable ferrets were 

almost twice as likely to bite their owners and more than twice as likely to 

bite the researcher. 

Interestingly, escape behaviour was significant across all the behaviour 

tests, indicating that the higher the ferret is rated on the BR Sociability 

dimension, the more likely they are to attempt escape. Conversely, BR 

Sociability was only a significant predictor of vocalisation in the Novel Area 

Test whereby for every unit increase on the BR Sociability scale, the more 

likely the ferret is to vocalise during this test. 

Finally, as with the SR Extraversion dimension, only a single behaviour 

within one of the behaviour tests was found to be significantly correlated to 

the SR Sociability dimension and that was biting during the Stranger 

Approach Test. 

This correlation however, was directly opposite to what emerged between 

biting behaviour in the Stranger Approach Test and the BR Sociability 

dimensions, whereby for increasing SR Sociability score, ferrets are far less 

likely to bite. 

Remarkably, there were no significant correlations between Sociability 

(SR or BR) and proportion of time spent with owner, in any of the behaviour 

tests (Table 4.7). However, there were two significant relationships between 

BR Sociability and proportion of time spent with the researcher. 

The first was a positive correlation between time with researcher and BR 

Sociability in the Stranger Approach Test, whereby the higher that ferrets 

were on this dimension, the more time they spent interacting with the 

researcher. Conversely, a negative relationship emerged in the Noise 

Response Test indicating that the more sociable the ferret, the less time it was 

likely to spend with the researcher in this scenario. 
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Table 4.6 

Significant logistic regression models for ferret behaviour across various behaviour tests, where Sociability (SR or BR) is the predictor. 
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Fig. 4.4. Forest plots of Odds Ratios (OR) and 95% CI for ferret behaviour across all behaviour tests, for the BR Sociability personality dimension. Significant models are 

highlighted in bold accompanied by an asterisk (*). 
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Table 4.7 

Significant linear regression models for ferret quantitative behavioural measures across various tests, where Sociability (SR or BR) is the predictor. 
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The other significant relationship that emerged was the negative 

correlation between proportion of time spent sniffing the novel area (Novel 

Area Test) and BR Sociability, meaning that the higher the ferret is rated on 

this dimension, the less time it spends investigating the novel area. 

The SR Sociability dimension was not a significant predictor of any 

quantitative variables.  

 

4.4.4 Attentiveness: 

BR Attentiveness was found to be a significant predictor of escape 

behaviour only, but it was across several behaviour tests (Table 4.8, Fig. 4.5). 

All the coefficients were negative in this case however, meaning that the more 

attentive the ferret, the less likely it was to attempt escape.  

There were no significant correlations between ferret behaviour and the 

SR Attentiveness dimension.  

Strong positive correlations were discovered between BR Attentiveness 

and almost all variables relating to interaction time (Table 4.9). That is, the 

more Attentive a ferret is rated, the higher the proportion of time it will spend 

interacting with all objects (Novel Object and Chase Tests), the researcher 

(Stranger Approach Test), and listening to a sound (Noise Response Test). 

 

4.4.5 Neuroticism: 

BR Neuroticism was the only significant predictor of piloerection and this 

relationship was seen for five of the nine behaviour tests. All showed a similar 

pattern where ferrets were approximately 1.5 times more likely to piloerect 

for every increasing unit of BR Neuroticism (Table 4.10, Fig. 4.6). 

Escape behaviour was again significant across most behaviour tests, 

however, in this instance the coefficients were positive indicating ferrets were 

more likely to attempt escape the higher their BR Neuroticism score.  

Finally, BR Neuroticism was a significant predictor of vocalisation in the 

Novel Object Test (rag). Unlike for BR Extraversion and BR Sociability 

though, the coefficient was negative indicating that the more neurotic the 

ferret, the less likely it was to vocalise during this test. 
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 Table 4.8 

Significant logistic regression models for ferret behaviour across various behaviour tests, where Attentiveness (SR or BR) is the predictor. 
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Fig. 4.5.  

Forest plots of Odds Ratios (OR) and 95% CI for ferret behaviour across all behaviour tests, for the BR Attentiveness personality dimension. Significant models are highlighted in bold 

accompanied by an asterisk (*). 
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Table 4.9 

Significant linear regression models for ferret quantitative behavioural measures across various tests, where Attentiveness (SR or BR) is the predictor. 
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The SR Neuroticism dimension was found to predict three of the four 

quantitative variables that emerged as significant (Table 4.11). This included 

latency to enter all sections in the Novel Area Test, latency to approach in one 

of the Novel Object Tests (toy rabbit), and proportion of time interacting with 

researcher during the Noise Response Test. For the two latency variables a 

positive correlation emerged whereby for increasing neuroticism score, 

latency to approach also increased. The relationship between SR Neuroticism 

and proportion of time interacting with researcher was also positive indicating 

that during the Noise Response Test, more neurotic ferrets spent considerably 

more time interacting with the researcher. 

Similarly, a positive relationship was discovered between BR Neuroticism 

and time spent with owner during the toy rabbit Novel Object Test 

demonstrating that as neuroticism increases so does time spent with owner.  

 

4.4.6 Reliability and Repeatability 

Inter-rater reliability was measured via the use of Cohen's Kappa 

Coefficient (κ) for categorical data, and Intra-class Correlation Coefficients 

(ICC) for continuous variables. As shown in Table 4.12, several of the ICC 

scores were above the minimum accepted level of 0.7 (Tabachnick and Fidell, 

2001) for Cronbach’s Alpha. Many of these exceeded 0.9 indicating a high 

level of reliability in coding between the researcher and the assistant. The 

exception to this was piloerection which had relatively low ICC scores across 

the behaviour tests. Similarly, there was a high level of agreement between 

the researcher and assistant for the continuous variables with most correlation 

values being >0.9 (excellent agreement). Only two variables, proportion of 

time interacting with owner during the Novel Object Test (toy rabbit) and 

proportion of time interacting with researcher during the Noise Response 

Test, had lower than significant values of agreement. 

Test-retest repeatability was also assessed using Cohen's Kappa 

Coefficient (κ) for categorical data, and Lin’s Concordance Correlation 

Coefficient (CCC) for continuous variables. Unfortunately, the test-retest 

coefficient values were overall considerably weak, indicating poor 

repeatability of most behaviour across time. The exception to this was the 

perfect repeatability score (1.00) for vocalising in both the Novel Object Test 

(toy rabbit) and Noise Response Test. However, this can be attributed to the.  
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Table 4.10 

Significant logistic regression models for ferret behaviour across various behaviour tests, where BR Neuroticism (SR or BR) is the predictor. 
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Fig. 4.6.  

Forest plots of Odds Ratios (OR) and 95% CI for ferret behaviour across all behaviour tests, for the BR Neuroticism personality dimension. Significant models are highlighted in bold 

accompanied by an asterisk (*). 
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Table 4.11 

Significant linear regression models for ferret quantitative behavioural measures across various tests, where Neuroticism (SR or BR) is the predictor. 
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 Inter-rater reliability Test-retest repeatability  

 k ICC k CCC 

Novel Area Test     
Vocalising 0.63*  0.400  
Escaping 0.63**  -0.364  
Piloerection 0.63*  -0.087  
Latency to enter all sections  0.998**  0.243 
Proportion of time spent sniffing the crate  0.793**  0.001 

Familiar Person Test     
Vocalising 1.00**  0.182  
Escaping 1.00**  0.400  
Piloerection 0.49  -0.154  
Biting 0.74**  0.609*  
Latency to approach owner  0.943**  -0.177 
Proportion of time interacting with owner  0.997**  -0.493 

Novel Object Test (toy car)     
Vocalising 1.00**  0.412  

Escaping 1.00**  0.091  
Piloerection 0.18  0.412  
Latency to approach object  0.984**  -0.041 
Proportion of time interacting with object  0.981**  -0.126 

Proportion of time interacting with owner  0.968**  0.001 

Novel Object Test (toy rabbit)     
Vocalising 1.00**  1.000**  
Escaping 1.00**  -0.250  
Piloerection 0.53*  -0.364  
Latency to approach object  0.954**  -0.286 
Proportion of time interacting with object  0.995**  -0.020 
Proportion of time interacting with owner  0.353  0.031 

Novel Object Test (rag)     
Vocalising  1.00**  0.609*  
Escaping 0.62*  0.400  
Piloerection 0.53*  0.500  
Latency to approach object  0.998**  -0.036 

Proportion of time interacting with object  0.972**  -0.285 

Proportion of time interacting with owner  0.996**  0.570 
Stranger Approach Test     

Vocalising 1.00**  -0.200  

Escaping 1.00**  -0.125  
Piloerection 0.33  0.400  
Biting 1.00**  0.400  
Latency to approach researcher  0.864**  0.119 
Proportion of time interacting with researcher  0.984**  -0.185 

Chase Test (toy mouse)     
Vocalising  1.00**  0.375  
Escaping 0.83**  0.286  
Piloerection 0.57*  0.286  
Latency to approach item   0.995**  -0.117 
Latency to grab item  0.996**  0.191 
Proportion of time holding onto item   0.960**  0.857 
Proportion of time interacting with item.  0.994**  -0.257 

Proportion of time interacting with researcher  0.966**  0.330 
Chase Test (rabbit hide)     

Vocalising  1.00**  0.412  
Escaping 1.00**  0.286  
Piloerection 0.29  0.615*  
Latency to approach item   0.928**  -0.154 
Latency to grab item  0.992**  -0.042 
Proportion of time holding onto item   0.974**  0.846 

Proportion of time interacting with item.  0.996**  -0.420 
Proportion of time interacting with researcher  0.991**  -0.100 

Noise Response Test     
Vocalising 1.00**  1.000**  
Escaping 1.00**  0.167  
Piloerection 0.17  0.615*  
Proportion of time listening to sound  0.953**  0.169 

Table 4.12 

Inter-rater reliability and test-retest repeatability values measured by Cohen's Kappa 
Coefficient (κ) for categorical data, and Intra-class Correlation Coefficient (ICC) (inter-rater 

reliability) or Lin’s Concordance Correlation Coefficient (CCC) (test-retest repeatability) for 

continuous variables. 
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fact that only one subject vocalised during these behaviour tests. Biting and 

piloerection were also somewhat repeatable with significant repeatability 

scores being found in the Familiar Person Test, Chase Test (rabbit hide), and 

the Noise Response Test, respectively. 

 

4.5 Discussion: 

In this study we have demonstrated that individual variation in domestic 

ferrets can, to a large extent, be explained by the BR personality dimensions 

developed previously. This was achieved via the use of several standardised 

behaviour tests that were designed to measure the traits in which these 

personality traits encompass.  

The overall results provide a good indication of species-specific behaviour 

demonstrating that generally, ferrets are a fast-exploring and neophilic (quick 

to approach novel objects and people). The fact that ferrets readily 

approached novel objects and people confirms what is already known about 

ferret behaviour; that they are bold, inquisitive animals regardless of 

personality type (Vinke and Schoemaker, 2012).  

 

4.5.1 Personality Differences: 

In addition to the general overview of ferret behaviour that these results 

have provided, there was a substantial amount of inter-individual variation 

across the group, supporting the notion of distinct personality types 

distinguished by different behavioural characteristics. For instance, 

Extraverts were overall more likely to vocalise, interact with objects and, in 

some cases, people. This is aligned with what has been found in other 

domesticated species whereby the Extraversion dimension can be 

characterised by stimulus seeking propensity and vocalisation (Gosling,1999; 

Budaev, 2000). For example, one key component defining the Extraversion 

dimension in piglets was number of vocalisations (Forkman et al., 1995). 

Ferrets that were rated higher on the BR Extraversion dimension were also 

less likely to attempt escape when provided with certain stimuli to focus on 

and spent less time investigating a novel space when there was nothing else 

to focus on. They were also more likely to attempt escape in this scenario, 

suggests that sniffing may be a displacement behaviour in ferrets that rated 

lower on the BR Extraversion scale. That is, sniffing behaviour is potentially 
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being utilised by less extraverted ferrets as a means of avoiding interaction 

(Delius, 1967). 

Conversely, highly sociable ferrets were more likely to attempt escape 

regardless of the context they were placed in, even when their owner was 

present. This indicates that Sociability, at least for this research, applies only 

to conspecifics. Hence, when placed in a confined space with no other ferrets 

to interact with, a highly Sociable individual will attempt escape to seek out 

their conspecifics (Boissy and Bouissou, 1995).  

Perhaps the most interesting behavioural characteristic of both the 

Sociability and Extraversion dimensions though, was the incidence of biting. 

Biting was found to increase, the higher the ferret was rated on the BR 

Extraversion and BR Sociability scales. Conversely, there was a negative 

relationship between biting and the SR Sociability, indicating that owners 

rated their ferrets as less sociable and extraverted with increased likelihood 

of biting. Although biting behaviour has previously been associated with 

aggression and Neuroticism in other social animals (Gosling, 1998; Highfill 

et al., 2010), the fact that it was linked only to the Extraversion and Sociability 

dimensions in ferrets, suggests it is a more complex social behaviour. 

Poole (1973, 1978) proposed three types of biting behaviour in domestic 

ferrets. The first is defined by true (uninhibited) fighting where physical 

contact is made and sustained biting ensues, potentially leading to 

intimidation and injury. The second, ritual fighting, is marked by inhibited 

attacks (i.e., biting that does not make contact or immediate release after 

biting). The third, play fighting, is characterised by inhibited biting (as in 

ritual fighting) and as well as exaggerated jerky, bouncy movements.  

Given that much of the biting behaviour demonstrated by ferrets 

throughout the behaviour testing was inhibited, and often in conjunction with 

play, it appears that our results are describing play biting as described by 

Poole (1973, 1978). Interestingly, play biting was defined only amongst 

juveniles in polecats (the domestic ferret’s wild counterpart) (Poole, 1967). It 

may be that the domestication process, which typically preserves juvenile 

behaviours into adulthood (neoteny), has resulted in ferrets retaining this type 

of biting behaviour (Clutton-Brock, 1999). Furthermore, most ferret subjects 

used in this study were well socialised and had daily contact with people, 

making it unlikely that we would observe other forms of biting.  
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The Attentiveness personality dimension was found to be distinguished by 

a preference to spend time interacting with objects and people, and a lower 

incidence of escape behaviour. The only exception to this was found in the 

novel area test where more attentive ferrets were found to spend less time 

sniffing the crate. Although this was an unexpected finding, it may suggest 

that ferrets which score higher on Attentiveness are using additional cues to 

investigate their surrounding environment, i.e., visual and auditory, rather 

than olfactory alone, that is, they are likely to be looking around and listening 

to their surroundings as well as sniffing. This same finding was discovered 

by Poole (1972) when investigating the ‘attentive response’ in wild polecats 

(Mustela putorius) and domesticated ferrets. He discovered that although 

domestic ferrets are not as attentive as their wild counterpart, they nonetheless 

show a frequent attentive response when placed in a novel area.  

With regards to characterising Neuroticism, a consistent feature seemed to 

be a higher incidence of escape behaviour and a preference for spending time 

with people rather than objects. For instance, whilst Extraverted ferrets were 

found to spend more time with novel objects such as the toy rabbit, Neurotic 

ferrets were found to spend a larger proportion of time with their owner. This 

was also the case for the other behaviour test involving noise, the Noise 

Response Test whereby Neurotic ferrets spent significantly more time with 

the researcher rather than actively listening to the sound. This could suggest 

that if a ferret is fearful or wary of a novel object or loud noise, then they will 

seek protection or comfort from humans.  

Unlike the other three personality dimensions which show overlaps in the 

behaviours they comprise, Neuroticism was also found to possess one key 

behaviour, piloerection, which was not shared with the other personality 

types. Given that piloerection is often seen in conjunction with ‘weasel war 

dancing’, it is often assumed to be a display of excitement in ferrets (Schilling, 

2007). The ‘weasel war dance’ consists of a series of jumps and head sways, 

and although is frequently observed in playful ferrets, it is utilised by many 

wild mustelids to confuse prey and fend off potential predators (Boyce, et al., 

2001; King and Powell, 2006). Further, piloerection is often accompanied by 

an arched back, an effective method in making an animal appear larger than 

it is, supporting the notion that the main purpose of this behaviour is to fend 

off potential predators.  
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4.5.2 Reliability, Repeatability, and Validity 

4.5.2.1 Inter-rater Reliability and Test-retest Repeatability: 

Most inter-rater reliability correlations were significantly positive 

indicating excellent agreement between the two raters (Cicchetti, 1994). 

Piloerection was the only dichotomously scored behaviour that had a 

somewhat lower correlation across most tests suggesting that the research 

assistant may require further training in how to code the levels of intensity for 

piloerection. 

Test-retest repeatability analysis identified that only biting, vocalising and 

piloerection were significantly correlated between initial behaviour testing 

and re-testing, and this applied to only a few of the tests. Moreover, all the 

correlations between continuous variables were weak suggesting that, in this 

particular case, behaviour was not repeatable over time. There are numerous 

factors which may have contributed to this lack of significance however. The 

existence of personality does not indicate that behaviour will remain rigid; 

there will always be a certain amount of within-individual variation, and some 

individuals will exhibit considerably more behavioural plasticity than others 

(Sih et al., 2004; Bell et al., 2009; Dingemanse et al., 2010). Further, the 

amount of time between the administrations of behaviour tests has been found 

to be crucial (Fratkin et al., 2013). If re-testing occurs too soon, possible 

learning effects could influence the results, but increasing time interval has 

also been attributed to a decline in behavioural consistency (Svartberg et al. 

2005; Sinn et al., 2010).  

Another explanation for the lack of repeatability in our results is that the 

sample size of only ten ferrets being re-tested, may have been too small to 

gain statistical significance. Unfortunately, more animals were unable to be 

re-tested for several reasons (e.g., re-homing of ferrets, death of the animal 

and unavailability of owner) 

 

4.5.2.2 Predictive, Construct, and Discriminant Validity:  

The results of this study demonstrate an overall sound construct and 

predictive validity for the BR ferret personality dimensions. Most of the 

findings make sense from a biological perspective whereby the emerging 

correlations support the behavioural traits that each personality type 

encompasses, and each dimension is characteristic of what has been found 
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previously (McCrae and John, 1992). Discriminant validity was also 

indicated by the fact that certain personality dimensions could be 

distinguished by unique behavioural characteristics i.e., Neuroticism being 

the only predictor for piloerection.  

It was somewhat concerning that the SR personality dimensions did not 

significantly predict ferret behaviour to the same extent as the BR dimensions. 

There are several potential explanations for this. For instance, it is possible 

that ferrets were exhibiting different or varying levels of behaviour 

throughout the behavioural testing phase compared to what the owners were 

basing their trait ratings on.  

Another alternate explanation is that the trait ratings provided by the 

owners were unreliable. Inter-rater reliability validation was not conducted 

on the owner-based ratings like it was for the behavioural coding, so it is 

possible that the SR personality dimensions are not a true representation of 

ferret personality. Similarly, the researcher and the assistant may have been 

unknowingly biased in how they performed their behavioural codings. For 

example, although the behavioural coding was conducted before the 

quantitative responses were measured, the codings may have been 

nonetheless based on those quantitative variables (i.e. coding the trait 

‘exploratory’ based on the quantitative variable of time spend sniffing). 

The discrepancy may also simply be attributed to the fact that BR 

dimensions were established based on direct behavioural observations during 

the standardised testing of ferrets, whereas the SR dimensions were not; they 

incorporate the owners’ overall interpretation of their ferrets’ behaviour. 

Regardless, this suggests that further validation of these dimensions is 

required. 

 

4.6 Conclusion: 

The results of this study have provided further validation for the ferret 

personality dimensions that were developed previously. It was demonstrated 

that the BR personality dimensions could significantly predict several ferret 

behaviours indicating strong construct and predictive validity. Although the 

SR dimensions could not predict behaviour to the same extent, those 

correlations which did emerge made biological sense. This research has also 

provided further insight into the underlying motivation of commonly 
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misinterpreted ferret behaviours. For instance, the fact that biting was 

associated with Extraversion and Sociability rather than Neuroticism, 

indicates that such behaviour is far more complex than initially thought. 

Finally, given the overall high inter-rater reliability scores for the coding 

method used in this study, we can conclude that our method is highly reliable. 

However, the inconsistent test-retest scores indicate that ferret behaviour in 

this case was, for the most part, not repeatable and thus requires further 

investigation. Although much work is still to be done, this research has 

important implications for animal personality research and has paved the way 

for development of a fully validated personality assessment tool for domestic 

ferrets in the future. 
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Chapter Five: The Effects of Morphological Characteristics on 

Personality in the Domestic Ferret (Mustela putorius furo) 

 

5.1 Abstract 

We investigated the correlation between a set of morphological parameters 

and previously established personality dimensions in the domestic ferret. The 

morphological parameters examined included sex, coat colour, 

presence/absence of white markings, total body length (mm), head length and 

width (mm). Given the high correlation between the two head measurements, 

a head width-to-length ratio (hWLR) score was calculated for each ferret and 

used for all analyses. The subjects used in this study were the same group of 

137 ferrets used previously (see 3.3.1 and 4.3.1). 

Our results confirmed that domestic ferrets are sexually dimorphic with 

males being larger than females on all the body measurements taken. 

Neuroticism (SR and BR) was found to increase with decreasing body size, 

whereby the smaller the ferret, the more Neurotic it tended to be rated, 

regardless of sex. Additionally, Wild-type ferrets (i.e., sable colouring and 

markings similar to their wild counterpart, the European polecat) were rated 

as more Attentive. No other significant relationships between morphological 

parameters or coat colour and personality were found. The presence of white 

markings had no significant effect at all, though given the limited variability 

of coat colour/marking phenotype in our sample, this may indicate that further 

investigation is necessary to determine if this morphological parameter is 

linked with personality.  

The relationship between Neuroticism and smaller size may be related to 

adaptive pressures in wild ferrets. However, there were few overall links 

between personality and morphology, possibly because artificial selection has 

not yet produced discernible ‘breeds’ of domestic ferrets. 

 

5.2 Introduction 

Individual differences in morphology and behaviour can have important 

implications for ecology and evolution (Roff, 2002; Sih et al, 2004). 

Specifically, several studies across different taxa have indicated that 

personality traits are heritable and that they coevolve with phenotype 
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(Bertossa, 2011; Thys et al., 2017). Phenotypic differences found to be linked 

to behavioural traits range from sex (e.g., in Dutch great tits: Dingemanse et 

al., 2004) and coat and feather colour (e.g., Wild Norway rats: Cottle and 

Price, 1987; Gouldian finch: Williams et al., 2012), to changes in skull and 

teeth structure (e.g., Foxes: Trut, 1999; Capuchin monkeys: Lefevre et al., 

2014). 

Although several studies have demonstrated coevolution of morphological 

phenotype and personality in wild populations, few have investigated this 

relationship in domesticated species. It would be advantageous to investigate 

this relationship as it would provide insight into adaptation, evolution of 

personality and the extent of its heritability, given that such changes are likely 

to occur at a much faster rate in those species constantly subjected to artificial 

selection (Clutton-Brock, 1999).  

The domestication of a species results in considerable variety in 

morphology, genetics and behaviour  (e.g.Prior to the evolution of discernible 

breeds in domesticated species, one of the first noticeable morphological 

change is often coat colour and depigmentation in certain body areas (Belyaev 

and Trut, 1981). For instance, the occurrence of a star-shaped pattern on the 

face, or the piebald coat colour, are examples of such a morphological change. 

These coat colour mutations (which have been observed in several 

domesticated species including dogs, cats, pigs, horses, cows, rats, guinea 

pigs, rabbits, and ferrets) were hypothesised by Belyaev and Trut (1982) to 

be a main side effect of selecting for tameability, which led to alterations in 

gene expression responsible for coat pattern. 

An important element in the process of domestication, is the development 

of discernible breeds. Hall and Bradley (1995) defined the term “breed” as “a 

group of animals selected by man to have a uniform appearance that 

distinguishes them from other members of the same species”. Modern day 

dogs and cats provide an ideal example of this phenomenon; however, the 

broad phenotypic variation of the modern dog only began as recently as 3000-

4000 years ago, despite being household companions for several thousands 

of years (Driscoll et al., 2009a; Delgado et al., 2012).. Similarly, the modern-

day cat breeds we see today only became apparent   within the last 200 years 

(Driscoll et al., 2009a; Gartner, 2015). 



108 
 

Studies have shown that certain aspects of dog behaviour (i.e., 

emotionality, aggressiveness (Scott and Fuller, 1965), activity and 

playfulness (Hart and Miller, 1985)), are often influenced by breed (Cattell et 

al., 1973; Bradshaw et al., 1996). Svartberg (2006) also showed that breed-

typical behaviour was no longer associated with the breeds’ original function, 

but instead linked to the modern use of the breeding stocks, suggesting that 

recent selection has altered breed-typical behaviour. However, what is not 

apparent is at what stage in the domestication process specific morphological 

characteristics are linked to personality. For instance, do personality 

differences appear after the development of distinct breeds, or are these 

differences evident with subtle differences in bone structure and coat colour?  

Now that the underlying structure and function of the domestic ferret 

(Mustela putorius furo) has been comprehensively investigated and 

appropriate validation measures undertaken (Chapters Two, Three and Four), 

we can explore the potential influences of evolutionary aspects. Therefore, 

the current study will aim to determine if personality evolves with certain 

morphological characteristics, providing insight into the evolutionary 

capacity of personality. 

Just like dogs and cats, domestic ferrets have been subjected to various 

selection pressures throughout the domestication process which have resulted 

in morphological diversity. However, artificial selection for morphological 

traits deemed as desirable (e.g. coat colour), has resulted in a significant 

reduction in genetic variation. Further, a lack of hybridisation with wild 

polecats as well as no introduction of genetically diverse ferrets for several 

years, has led to inbreeding depression in many populations (Driscoll et al., 

2009b). Of these populations, Australia and North America have the lowest 

genetic diversities and highest inbreeding metrics (Gustafson et al., 2018). 

Furthermore, unlike many other domesticated animals, ferrets have no 

discernible breeds. We can hence investigate to what extent behavioural 

variation can be attributed to their subtle morphological differences, such as 

coat colour and skull shape. Domestic ferrets also still share certain 

morphological characteristics with their wild counterpart, the polecat 

(Mustela putorius). Whilst many other domestic species’ have been found to 

have unusually broad skulls in relation to their length (Trut, 1999), ferret 

skulls have been found to only differ slightly from the polecat in its 
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measurements (Lee and Mill, 2004). Additionally, like their wild mustelid 

counterparts, ferrets are sexually dimorphic, with males being substantially 

larger than females (Moors, 1980; Wiig, 1986).  

Ferrets have developed a wide range of coat colours and markings (over 

30 varieties) throughout their domestication, and although wild-type coat still 

exists to some degree, there are several that are vastly different (Church, 

2007). For instance, some are pure white with dark eyes and the most recent 

mutation to develop is the pastel or champagne coat colour (solid pale beige 

with no mask) (Fox, 1998).  

In addition to the variety of coat colours expressed in ferrets, they can also 

have distinct markings. For example, white toes (mitts), white heads and bibs 

(known as pandas), or white rings on their tails. Another pattern commonly 

found in pet ferrets is blaze, or a single streak of white in the centre of the 

head (representative of the star or piebald gene). These markings appear to be 

dominant and can be superimposed on any coat colour, however, breeding 

ferrets of certain phenotypes can result in genetic abnormalities that lead to 

non-viable young (Blaszczyk et al., 2007; Piazza et al., 2014). A study 

conducted by Piazza and colleagues in 2014 revealed a concerning correlation 

with specific coat markings in ferrets whereby white or white-marked coats 

were more likely to have congenital sensorineural deafness (CSD). This 

condition is likely to be caused by neural crest melanocyte defects in the inner 

ear. Coat colour–related sensorineural deafness has also been discovered in 

numerous other domesticated species such as dogs and cats, when a white-

marked phenotype is expressed (Cvejic et al., 2009). 

In addition to this, there is evidence to suggest a connection between coat 

colour and behaviour (Stelow et al., 2016). For example, affiliative and 

aggressive behaviour has been linked to coat colour in silver foxes (Belyaev, 

1979), minks (Trapezov et al., 2008), Norway rats (Cottle and Price, 1987), 

dogs (Podberscek and Serpell, 1996), and cats (Stelow et al., 2016). An 

owner-reported survey (Stelow et al., 2016) of cat behaviour revealed a higher 

frequency of human directed aggression in sex-linked orange female (i.e. 

tortoiseshells and calicos), black and white, and grey and white cats. 

Given that a correlation with coat colour mutation and congenital 

sensorineural deafness (CSD) exists in ferrets, it is hypothesised that coat 

colour, specifically a white-marked coat, is also linked with certain 
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behavioural traits and thus personality differences. The overall aim of this 

study is thus to investigate to what extent morphological parameters, such as 

sex, coat colour, markings, and body measurements, can predict previously 

developed personality dimensions (Chapters Two and Three) in domestic 

ferrets.   

 

5.3 Methods: 

5.3.1 Subjects: 

The subjects were the 137 Australian ferrets used during the previous 

components of this research (see 3.3.1 and 4.3.1). The following 

morphological parameters were recorded for each ferret: sex, body weight 

(g), body length (mm) (Fig. 5.1a), head length and width (mm) (Fig. 5.1b), 

coat colour and presence/absence of a white-marked coat (Fig. 5.2). Due to 

the difficulty of keeping ferrets still on a set of scales, body weight was 

measured by placing the ferret into a canvas bag attached to a spring balance 

(bag was tared first). Body measurements (body length, head length and head 

width) were taken using a flexible (sewing) tape measure to allow for the 

curvature of the ferret body.  

 

 

 

 

 

 

 

 

 

 

Fig. 5.1. (a) Body length (mm) measurement with dotted line indicating where ferrets were 

measured with flexible measuring tape; (b) Head width (mm) and length (mm) measurements. 
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Fig. 5.2. Examples of coat colour varieties sampled. ‘Wild-type’ like ferrets pictured at the top including (a) Sable; 

(b) Chocolate, and; (c) Pastel. ‘Dilute’ ferrets are shown in the centre including (d) Silver mitt, and; (e) Marked 

white. ‘Lack of colour’ grouped ferrets pictured at the bottom including (f) Dark-eyed white (DEW), and; (g) Albino. 
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Fig. 5.3. A comparison of the significant differences between 

males (n = 73) and females (n = 64) ± 2 standard errors, across 

three morphological characteristics: (a) Mean weight (g); (b) 

Mean body length (mm), and; (c) Mean hWLR. 
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Given the large variety of coat colour/marking combinations recorded it 

was decided to group ferrets into three main coat colour groups based largely 

on the presence of underlying genetic mutations. The first group encompassed 

all wild-type like colours and was thus called ‘Wild-type’. The second was 

labelled as ‘Dilute’ as it accounted for mutations in wild-type coat colour that 

results in less common varieties, including ferrets with white markings. The 

last category included only dark-eyed whites (DEW’s) and albinos and was 

thus called ‘Lack of colour’ (see Table 5.1). DEW ferrets were placed into 

this group because these individuals do not show the same pattern of 

congenital defects (such as CSD) as found in ferrets marked with white 

patches. It is hence believed that DEW coat colour results from a different 

genetic mutation (Piazza et al., 2014). The presence/absence of white 

markings was separated from the coat colour groups so that it could be 

analysed independently as well as in conjunction with the three groups. 

To test the effects of these morphological characteristics on personality, 

we used the two sets of personality dimensions developed previously in 

ferrets (see 2.4 and 3.4). The first group of dimensions, which were derived 

from subjective trait ratings provided by owners, are labelled as SR 

dimensions (SR Extraversion, SR Attentiveness, SR Sociability, and SR 

Neuroticism) (see 2.4). The second set of dimensions, resulting from 

behavioural codings are labelled BR personality dimensions (BR 

Extraversion, BR Attentiveness, BR Sociability, and BR Neuroticism) (see 

3.4). The effects of sex (as well as age and de-sexing) were previously 

investigated during the development of these dimensions but were re-

analysed in this study, in conjunction with the morphological parameters. 

 

5.3.2 Ethical Note: 

Approval to conduct this experiment was obtained from the Charles Sturt 

University, Animal Care and Ethics Committee (#14/029). 

 

5.3.3 Statistical Analysis: 

All statistical analysis was conducted in SPSS v.20 (IBM Corp, 2011), and 

assumptions of normality and homogeneity of variance were checked and 

satisfied.  
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A correlation matrix revealed that head width and length were highly 

correlated (0.89), and it was thus decided to calculate a head width to length 

ratio (hWLR) score (head width divided by length) for each ferret. 

Independent sample t-tests were used to determine if weight (g), body 

length (mm), and hWLR, differed according to sex. The effects of coat colour 

and presence/absence of white-marked coat were investigated using General 

Linear Models (GLM’s) followed by Tukey’s honestly significant difference 

(HSD) tests. Multiple regression was then utilised to determine if weight (g), 

body length (mm), or hWLR were significant predictors of the SR and BR 

personality dimensions.  

 

5.4 Results: 

5.4.1 Sexual Dimorphism: 

There was a significant difference between males and females for all 

morphological parameters investigated. The mean weight of all 137 ferrets 

was 967.52g ± 349.72, but males (M = 1207.53g, SD = 300.08) were 

significantly heavier than females (M = 693.75g, SD = 134.96) (t(103) = -13.19, 

P <0.01). The body length average across the group was 515.26mm ± 63.28 

with males being longer (M = 551.51mm, SD = 51.90) than females (M = 

473.91mm, SD = 48.03) (t(135) = -9.040, P <0.01). Lastly, head width-length 

ratio (hWLR) for males (M = 1.04, SD = 0.17) was considerably greater than 

that of females (M = 0.96, SD = 0.14) (t(134) = -2.69, P = 0.01) (Fig. 5.3 (a-

c)).  

The main effects of weight, body length and hWLR were all significant 

predictors of BR Neuroticism indicating that with every unit increase in these 

variables, there is a decrease in BR Neuroticism score, i.e., the larger the 

ferret, the less Neurotic it was rated (Table 5.2). Fig. 5.4 also confirms the 

relationship between BR Neuroticism and sex as reported in Chapter Three 

(see 3.4.2), that is, that males are rated as less neurotic by the researcher. 

Likewise, the same relationship emerged between weight and SR 

Neuroticism. There were no significant interactions between any of the 

variables (Table 5.2, Fig. 5.5).  
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Table 5.1 

Coat colour and marking combinations within the sample of 137 ferrets, including n ferrets 

within each category. Also shown is the coat colours included when ferrets were placed into 

three main groups, and total n within each group. 



116 
 

 

 

 

 

 

 

 

 

 

 

Table 5.2 

Significant linear regression models for BR and SR Neuroticism, where morphological parameters are the predictors. 
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Fig. 5.4. Scatterplots showing BR Neuroticism can be significantly predicted by, (a) Weight; (b) Body length, and; (c) hWLR, in ferrets regardless of sex.  



118 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.5. Scatterplot showing SR Neuroticism can be significantly predicted by weight in 

ferrets regardless of sex.  
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With regards to coat colour, most were represented in our sample (Table 

5.2), however, out of all potential white markings, three crucial types were 

missing (hooded or milk mouth, blaze and panda). There was only one 

significant difference between coat colour grouping and personality, which 

was that Wild-type ferrets (M = 0.360, S.E = 0.157) were significantly more 

Attentive (BR) than ferrets with ‘Lack of colour’ (M = -0.429, S.E = 0.205) 

(F(2) = 4.766, P = 0.013) (Fig. 5.6).  

The presence of a white-marked coat had no significant effects on 

personality, both when analysed independently of coat colour and as an 

interaction term. 

 

 

Fig. 5.6. Mean BR Attentiveness score according to coat colour group ± 2 

standard errors. * indicates a significant difference at the group P < 0.05 level 

(Tukey’s HSD). 
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5.5 Discussion: 

The results of this study confirmed that domestic ferrets are sexually 

dimorphic in body weight, length, and head width-to-length ratio (hWLR) 

score. This supports previous research indicating that males are always larger 

in mustelid species (Moors, 1980). With regards to the specific effects of sex 

on ferret personality, we had previously discovered whilst developing the SR 

and BR personality dimensions for ferrets, that females were rated by their 

owners as overall less Sociable but more Attentive and Neurotic than males 

for the SR dimensions (see 2.5.3). Likewise, for the BR dimensions, females 

were rated as more Neurotic and less Extraverted than males, but more 

Sociable (see 3.5.2).  

The current study investigated the extent to which personality differences 

could be explained by the other morphological characteristics (while 

accounting for their sexual dimorphism) as well as the additional 

characteristics of coat colour group and presence/absence of white markings. 

It was revealed that weight, body length, and hWLR were all significant 

predictors of SR and BR Neuroticism, even when sex was accounted for in 

the model. The correlation showed that, the larger the ferret, the less Neurotic 

it was regardless of sex, and suggests that Neuroticism is governed by body 

size rather than sex differences specifically. For example, small male ferrets 

generally being rated as more Neurotic than larger males (see Fig. 5.4). 

This finding is similar to what has been found in dogs where heavier and 

taller dogs tended to rate lower on Neuroticism (Ley et al., 2009a). There are 

several potential explanations for this correlation, the main being that smaller 

individuals may be more prone to predation so being higher on the 

Neuroticism scale would better prepare them to flee potential attack. This is 

in line with what other researchers have suggested previously, for instance, 

that larger body size or greater strength should afford bolder, more 

explorative individuals (Réale et al. 2010; Wolf and Weissing 2010). 

Overall, this correlation between body size and Neuroticism in a 

domesticated species, may be a remnant from wild mustelids, which is linked 

to predation risk and ability to exploit a wider range of food sources. Despite 

this correlation being largely unnecessary in the domestic ferret, (as they are 

now so reliant on humans to fulfil their everyday needs), it nonetheless 
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provides insight into how their wild counterparts exploit the relationship 

between morphology and personality, for their survival.  

Another reason which relates specifically to sexual dimorphism in 

mustelid body size, is that females alone raise litters. It has been suggested 

(Moors, 1980) that smaller females are favoured because it allows them to be 

more efficient in hunting small prey, thus conserving their energy for daily 

maintenance. Due to this, they can channel more energy into reproduction 

compared to larger females. Conversely, larger males are selected for to 

provide them the ability to exploit a wider range of prey (Moors, 1980). 

Furthermore, it is interesting that the only correlation to emerge between 

personality and coat colour was for Wild-type ferrets being more Attentive 

(on the BR dimension) than DEW and Albino ferrets. This also makes sense 

from an adaptive significance point of view, in that ferrets that more closely 

resemble their wild ancestor, would also share a higher level of vigilance and 

thus be more attentive to their surrounding environment (Wellstead, 1982). 

Conversely, DEW and Albino ferrets are the result of artificial selection for 

tameability, which is also linked to decreased levels of vigilance (Belyaev 

and Trut, 1982; Piazza et al., 2014). 

A possible explanation for the overall absence of more widespread 

associations personality and coat colour/white markings, is that ferrets have 

not been as domesticated as long as other domesticated animals (i.e., dogs) 

and thus have not yet developed discernible breeds. Thus, perhaps the 

domestic ferret is yet reach the point in its evolution whereby differences in 

personality are noticeable with morphology variation.  

Finally, it was initially hypothesised that we would observe correlations 

between personality and a white- marked coat (regardless of the pattern of the 

white marking), given the underlying mutation associated with these 

markings in ferrets (Piazza et al., 2014). However, this was not the case and 

could potentially be due to our sample not being large or varied enough to 

observe these differences. For instance, we had no ferrets in our sample that 

possessed the specific white markings (panda and blaze) linked to congenital 

sensorineural deafness (CSD) (Piazza et al., 2014). This is likely due to the 

fact that Australian ferrets are genetically isolated (Gustafson et al., 2018), 

and thus do not have the same variety of marked ferrets as other countries 
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such as the UK (Fox et al., 1998). It would therefore be beneficial to re-

examine this relationship in other populations.  

 

5.6 Conclusion: 

Our study demonstrates that, in addition to being strongly sexually 

dimorphic, other morphological parameters including body weight, length, 

and head width-to-length ratio (hWLR), can significantly predict Neuroticism 

in the domestic ferret (Mustela putorius furo). Although this may be an 

outdated form of adaptive significance, remaining from the ferrets’ wild 

ancestor, it is still nonetheless noteworthy that it is being maintained in a 

domestic population. 

Despite only one correlation being discovered between coat colour group 

and personality (suggesting further investigation is required across a more 

varied sample), these results nonetheless contribute to the limited body of 

literature currently available on the coevolution of personality and 

morphology in a domestic species. 
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Chapter Six: Thesis Synthesis: 

The overarching aim of this thesis was to investigate personality structure 

in the domestic ferret (Mustela putorius furo) and determine its reliability and 

validity in predicting key ferret behaviours. Other significant elements to 

potentially contribute to personality framework, such as morphology, were 

also examined.  

This synthesis will provide a summary of key findings of the thesis as well 

as their biological significance and potential practical applications. 

Limitations of this research and its possible future directions will also be 

discussed. 

 

6.1 Overview of Personality Dimensions in the Domestic Ferret: 

As anticipated, numerous underlying trends in behavioural traits emerged 

in ferrets when a combination of rating and coding methods was used. The 

Subjectively Rated (SR) personality dimensions were labelled as such given 

that they were derived from the subjective trait rating method, provided by 

owners (see 2.4). Conversely, the Behaviourally Rated (BR) dimensions 

emerged from scoring of the same set of traits after direct behavioural 

observations (the coding method) (see 3.4). Given that they were composed 

of similar trait groupings, these two sets of dimensions were labelled with the 

same broad titles of Extraversion, Sociability, Attentiveness, and 

Neuroticism.  

Comparison of these findings to the broader animal personality literature 

suggests various similarities between our personality dimensions and those 

found in other animals, particularly domesticated species. For instance, 

Extraversion and Neuroticism, considered to be the two ‘mega’ dimensions 

(Gosling and John, 1999), both appeared to emerge in ferrets. Sociability was 

also discovered in ferrets and is analogous to the Sociability dimensions 

found in other domesticated species (i.e., dogs and cats; Gosling and John, 

1999; Ley et al., 2009a; Lloyd et al., 2008). 

The Extraversion dimensions (SR and BR) that emerged in ferrets during 

this research, has numerous characteristics. Broadly, it represents the extent 

a ferret is excitable, playful, and inquisitive. The traits in this dimension are, 

as with other species, believed to only be observable in individuals exhibiting 
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good welfare (Steel et al., 2008). The findings of this thesis also suggest that 

Extraverted ferrets are likely to vocalise more, are more neophilic towards 

both objects and people, and are also less likely to display escape behaviour 

if they have sufficient stimuli to focus on. This supports what has been found 

previously in several other species (Gosling and John, 1999). For instance, in 

captive cheetahs (Acinonyx jubatus), a personality dimensions analogous to 

Extraversion was identified but labelled as Vocal-Excitable given that one of 

its defining traits was vocalisation (Wielebnowski, 1999). In chickens, 

Blokhuis and Beutler (1992) demonstrated that individuals exhibiting lower 

levels of feather pecking, more ground pecking, more locomotion and 

vocalisation in an open field, also possessed traits analogous to Extraversion, 

and characteristic of lower Neuroticism, i.e., less aggressive and less anxious. 

Our findings demonstrated that ferrets rating highly on either Sociability 

dimension are friendlier, calmer, affiliative, and less aggressive. However, it 

was also identified that the Sociability dimensions are more applicable in the 

context of interactions with conspecifics, rather than people. For instance, 

whilst ferrets rated highly on Sociability were friendly towards humans in 

some tests, they were also more likely to show escape behaviour when 

isolated from other ferrets. Whilst escape behaviour has been previously 

associated with fear (Welker, 1959; Blanchard et al., 1974), it has also been 

interpreted as an attempt to re-instate contact with conspecifics in social, 

gregarious species’ (e.g. heifers: Boissy and Bouissou, 1995) thus reflecting 

social motivation rather than fear.  

High scores on either of the Attentiveness personality dimensions are 

likely to reflect ferrets that are more focused, determined, and purposeful. Our 

results demonstrated that highly Attentive ferrets showed a preference for 

spending time interacting with objects and people. Our Attentiveness 

personality dimension appears to be analogous to the Openness/Open to 

Experience dimension found in primates (King and Figueredo, 1997), but has 

also been observed to some extent in companion animals (e.g., dogs: Fratkin 

et al., 2013).  

Interestingly, the SR and BR Attentiveness dimensions in ferrets are 

analogous to two dimensions that have been found previously in dogs; 

Motivation and Training Focus (Ley et al., 2008). However, the traits that 

these dimensions comprise were rated somewhat differently in ferrets 
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compared to dogs. For instance, the trait ‘obedient’ loading on the SR 

Sociability dimension rather than the SR Attentiveness may simply be 

reflective of how ferret owners interpret the underlying motivation of this 

trait. However, it also may suggest that Attentive ferrets are able to maintain 

a high level of focus but may not have the same inclination to perform goal-

directed behaviour to the same extent as dogs.  

Furthermore, our Attentiveness dimension also appears to be analogous to 

the Openness dimension found in capuchin monkeys (Sapajus apella). In line 

with our findings, Morton et al (2013) found that Openness is related to task 

participation and learning performance in capuchins, whereby individuals 

rating higher on Openness tended to be more inclined to engage in tests and 

tasks.  

Neuroticism, like Extraversion, has been well studied within the literature 

(Eysenck, 1947; McCrae and Costa, 1987; Gosling and John, 1999; Budaev, 

2000; Gartner, 2015).Our results overall corroborate what has previously 

been found; that this dimension is of the negative affect and is inversely 

correlated to Extraversion (see section 2.5.2 and 3.4.1 of this thesis, and 

Gosling and John, 1999; Zuckerman, 1991; John and Stristava, 1999). 

Therefore, Neuroticism encompasses traits found at the opposite end of the 

scale to Extraversion, such as anxiety and fearfulness. Being of the negative 

affect, Neuroticism can have a substantial impact on welfare and health of 

both humans and animals alike. For example, Neuroticism is the strongest 

predictor of human (Steele et al., 2008), chimpanzee (Weiss et al., 2009), and 

orangutan (Weiss et al., 2006) wellbeing. With regards to non-primate 

animals, Gartner et al (2016) found that wellbeing in three species of big cat, 

clouded leopards (Neofelis nebulosa), snow leopards (Panthera uncia), and 

African lions (Panthera leo), was negatively related to the Neuroticism 

dimension. 

Health outcomes relating to immunology, morbidity and mortality, are also 

known to be negatively impacted by Neuroticism (Deary et al., 2010; 

Capitanio, 2011). For instance, orangutans that rated lower on Neuroticism, 

thus having better wellbeing, were found to have increased longevity (Weiss 

et al., 2011). Body condition has also been linked to Neuroticism, whereby 

body condition declines with increased rating on the Neuroticism dimension. 

For example, studies of personality in orange-winged amazon parrots 
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(Amazona amazonica) have shown that subjects with higher scores on the 

Neuroticism scale, had significantly poorer feather condition despite the 

housing condition (Meehan et al., 2003; Cussen and Mench, 2015).  

The results of the studies presented in this thesis show that ferrets’ rating 

highly on Neuroticism are less likely to engage with novel stimuli and have a 

preference for being close to humans, rather than interacting with or exploring 

a novel object. This could indicate a poorer state of welfare for these ferrets 

compared to their less Neurotic counterparts, considering that they would 

potentially find everyday novel situations threatening. This pattern of 

increased neophobia with increasing neuroticism has been demonstrated in 

other species, including domestic species e.g., dogs (Wright et al., 2011), 

cattle (Boissy and Bouissou, 1995). 

Interestingly, it was also discovered that piloerection in ferrets is a unique 

behaviour representative of Neuroticism. This is in line with what has been 

discovered in other mammals and is a result of the fight-or-flight response, 

thus governed by the autonomic nervous system (Wingfield, 2003). In rats, 

individuals exhibiting piloerection, also displayed other species-typical fear 

responses in a test situation, for example, low levels of locomotion and a 

hunched back (Cavigelli and McClintock, 2003). Furthermore, the 

piloerection response is believed to be associated with aggression in dogs 

(Sinn et al., 2010; Wilsson and Sinn, 2012) and submissiveness in cats 

(Lichtsteiner and Turner, 2008). 

 

6.2 Motivation of Key Behaviours and Adaptive Significance: 

One of the main aims of Chapter Four was to determine if personality 

could predict species-specific ferret behaviour. This was achieved through 

subjecting our sample to a series of standardised behaviour tests. What we 

discovered was that variation in common ferret behaviours (vocalisation, 

biting, escape behaviour, and piloerection), can be significantly explained by 

our personality dimensions. In turn, the results of Chapter Five suggest that 

there is an underlying genetic component to these personality dimensions, 

indicating that personality variation and the behaviours which they predict 

may be of functional importance in ferrets. 

The two major dimensions, Extraversion and Neuroticism, are thought to 

be directly related to life history-trade-offs and are largely under the control 
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of physiological, genetic and cognitive elements (Budaev, 2000; Yli-Renko, 

2018). In wild animal populations, the functional significance of Extraversion 

incorporates important survival traits, such as exploration, and is thus critical 

for obtaining key resources like food, water, and mates (Kaiser et al., 2015). 

Bolder individuals have the fitness advantage of being more neophilic and 

exploratory, resulting in greater reproductive success, however, their life span 

is shortened due to greater risk-taking behaviour (Godin and Dugatkin 1996; 

Dugatkin and Alfieri, 2003; Miranda et al., 2013). Conversely, inhibited (shy) 

individuals are more likely to live longer but may have reduced short-term 

reproductive success (Smith and Blumstein, 2008). A classic example of these 

fitness trade-offs can be found in wild fish populations, where it has been 

demonstrated that bolder individuals (particularly males) are more likely to 

inspect a predator, and at a closer proximity, giving them the advantage of 

being more attractive to females. Conversely, shy individuals had the 

advantage of being less prone to predation but were less reproductively 

successful in the short-term compared to bold fish (Godin and Dugatkin 1996; 

Dugatkin and Alfieri, 2003). 

The Extraversion dimension that appears to have emerged in ferrets, still 

somewhat reflects this trend in that it incorporates traits relating to 

exploration and activity, and is the main predictor of vocalisation. However, 

this dimension is likely to have dulled with domestication, as has already been 

observed in dogs (Frank and Frank, 1982), rats and mice (Barnett and Smart, 

1975) and thus, compared to wild mustelids, ferrets are probably less 

exploratory, impulsive, and inquisitive given that there is no longer a need to 

locate prey or find mates (Dall et al., 2004). 

At the opposite end of the scale, the Neuroticism dimension is responsible 

for perceiving and responding to warnings within the environment. Rating 

highly on this dimension has a survival advantage in that an individual will 

be more likely to avoid risks, such as predators, however, they are also less 

likely to reproduce in the short term given their increased shyness (Smith and 

Blumstein; Stamps, 2007). Conversely, scoring low on Neuroticism can also 

be advantageous when competing with conspecifics for mates, resulting in 

higher reproductive success. Less Neurotic individuals, however, are also 

more likely to approach predators consequently decreasing their chances of 

survival (Godin and Dugatkin, 1996; Dugatkin and Alfieri, 2003). 
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Although the Neuroticism dimension clearly plays a crucial role in the 

fitness of wild populations, it is likely less biologically meaningful in 

domestic ferrets. Nonetheless, the fact that this study revealed a higher level 

of Neuroticism in females, makes sense from an adaptive significant 

viewpoint, in that females within wild populations of mustelids are required 

to rear young alone as well as hunt prey (Moors, 1980). Thus, females must 

remain more vigilant in order to protect offspring, however, the cost in this 

trade-off is that an excessively vigilant female may not be able to source 

enough food.  

Neuroticism was also found to be the only predictor of piloerection, a 

behaviour utilised by many wild mustelids to confuse prey and fend off 

potential predators (Boyce, et al., 2001; King and Powell, 2006), given its 

effectiveness in making an animal appear larger than it is. Although there is 

no longer any real functional significance for this behaviour in domestic 

ferrets, they are still nonetheless likely to display piloerection in situations 

that they find threatening, such as coming across a novel object. 

The Sociability dimension is thought to be more adaptive, more species 

specific, and reflect trade-offs between numerous traits (Budaev, 2000). In 

solitary carnivores, occurrences of social contact are usually restricted to 

reproductive periods and mother-offspring, and sibling ties (Lodé, 2008). 

Polecats (Mustela putorius) for instance, territorial boundaries between male 

and female are identified by scent marking and limit the direct confrontation 

between individuals. behavioural modifications during reproductive periods 

allow for short-lived tolerance between male and females polecats (Lodé, 

2001; Lodé et al., 2003). 

Given that most wild mustelid species are solitary (Hillman, 1968; Powell, 

1981), the Sociability component in ferrets has likely evolved with 

domestication. In a captive environment however, having a high Sociability 

score allows ferrets to cope with living alongside humans and often being 

housed with conspecifics.  

Interestingly, a key characteristic of the Sociability and Extraversion 

dimension was biting behaviour. Although biting behaviour has previously 

been associated with aggression and Neuroticism in other social animals 

(Gosling, 1998; Highfill et al., 2010), the fact that it was linked only to the 

Extraversion and Sociability dimensions in domestic ferrets, suggests that 
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biting is a more complex social behaviour than previously thought. It is likely 

context-specific with other underlying motivations in addition to aggression 

and hunting, for instance, exploration and play. 

Finally, the Attentiveness factor is likely to be linked with how efficient 

an individual is in foraging and sourcing prey in the wild. Domesticated 

species have been shown to be less Attentive to their environment than their 

wild counterparts (Kaiser et al., 2015). Like Neuroticism, the fact that female 

ferrets were generally rated higher on this dimension compared to males, may 

indicate that Attentiveness plays a role in successfully rearing high-quality 

offspring. 

 

6.3 Validity and Reliability: 

This research has incorporated several of the necessary reliability and 

validity measures as suggested by Fairbanks and Jorgensen (2011). For 

instance, scale reliability was measured by Cronbach’s Alpha for all (SR and 

BR) personality dimensions developed and demonstrated reasonable 

consistency considering the combination of positive and negative scale 

factors.  

Another important measure that was implemented in this research was 

convergent validity;  a crucial tool for establishing how well two different  

factors agree in the phenomenon being assessed (Goldberg, 1990; McCrae 

and Costa, 1987; Trapnell and Wiggins, 1990). This research evaluated 

convergent validity using both subjective and objective behavioural ratings to 

develop the personality dimensions and then determining how well the two 

sets correlate. Although the SR and BR dimensions did not converge strongly, 

it is likely that each set of dimensions is capturing for differing aspects of 

personality, that is, different methods of personality assessments are likely 

accounting for differing traits, or at least varying degrees of trait expression. 

For instance, despite the subjective nature in which the SR dimensions were 

developed, they nonetheless take into account situational effects and 

incorporate long-term behavioural trends that the observer has witnessed over 

an animals’ lifetime (Mirkó et al., 2013). Conversely, the main advantage of 

the BR dimensions is that they provide a less subjective overview of ferret 

personality whilst also accounting for behavioural traits that may be 
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unobservable in everyday situations (Vazire and Gosling, 2004; Highfill, 

2010).  

Furthermore, the lack of convergence between the two sets of dimensions 

may also be the result of varied owner experiences with ferrets, e.g., 

individuals used primarily for hunting purposes may be rated in a different 

manner compared to ferrets kept purely for companionship. Either way, more 

research is required in order to fully understand the extent to which the SR 

and BR dimensions agree or disagree in ferrets, and why. 

Despite the overall lack of convergence, several traits which the SR and 

BR personality dimensions encompass are the same, suggesting good 

construct validity. Construct validity was further examined via the use of 

behavioural testing to assess the practicality of the personality dimensions 

developed. This confirmed the biological foundations of traits found within 

each dimension, given that they were significantly predicting relevant 

behaviour i.e., Extraversion predicting vocalisation.   

Discriminant validity was demonstrated by the fact that there was little 

overlap between the aspects of ferret behaviour that the personality 

dimensions were predicting. Furthermore, Neuroticism was the only predictor 

of piloerection suggesting ferrets rated higher on the Neuroticism scale are 

more likely to demonstrate piloerection when in a situation they perceive as 

stressful. 

Inter-rater reliability was conducted by comparing the behavioural coding 

conducted by the researcher, and the coding performed by an assistant. Intra-

class correlation coefficients (ICC’s) for the two sets of scores were high, 

indicating excellent reliability in scoring.  

Finally, test-retest reliability was assessed by subjecting a sub-sample of 

ferrets to the standardised behavioural tests twice, six months apart. 

Unfortunately, these correlations were not high suggesting that either the 

sample size of 10 subjects was too small, or that ferret behaviour was not 

repeatable in this study.  
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6.4 Practical Applications: 

6.4.1 Improving Husbandry and Management Strategies for Companion 

Animals: 

Behavioural related issues are one of the most common reasons for 

surrendering a companion animal to welfare organisations or shelters 

(Manteca Vilanova, 2003). The problems cited are often directly related to 

the animals’ undesirable behaviour or the owners’ misunderstanding of the 

underlying reason for that behaviour. Personality assessments of companion 

animals can assist with understanding key behaviours and consequently help 

to prevent potential behavioural issues from arising. Thus, personality 

assessments can be a useful welfare tool for companion animals as well as for 

owners.  

Therefore, one important application of personality research in 

domesticated companion animals is the ability to cater to the needs of 

individuals so as to maintain a positive state of welfare and reduce the 

incidence of behaviours that humans deem undesirable. One method that we 

can utilise to achieve this is the implementation of suitable enrichment 

techniques based on personality.  

Highly extraverted and/or highly Attentive ferrets are likely to benefit 

from constant and varied stimulation as a form of enrichment. The provision 

of numerous toys and objects, preferably ones which provide a challenge 

(such as puzzle toys) would cater to their inquisitiveness. To prevent 

habituation and maintain some novelty for these individuals, objects could 

also be rotated on a regular basis and new toys introduced regularly. It may 

also be beneficial if these ferrets be allowed the opportunity to explore new 

areas of their environment and be taken on outings, i.e., outdoors on a harness 

and leash. This would help satisfy the need for stimulation as well as provide 

novel experience for individuals in this category. 

For ferrets that are rated as highly sociable, potentially the most suitable 

form of enrichment would be social interaction other ferrets, and in some 

cases, people. They may also benefit from the provision of toys and 

interactive items, but perhaps not to the same extent as Extraverted or 

Attentive ferrets.  

The Neuroticism dimension can support the identification of easily 

stressed individuals and controlling potential stressors in their environment. 
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Take for example, an individual who is kept in a large social group and is 

consistently rated as highly Neurotic. If their Neuroticism score decreases 

after being kept solitary or within a smaller social group, this may indicate 

that they find it stressful being part of a large group, and their housing can 

therefore be adjusted accordingly. Although scoring highly on Neuroticism is 

likely a representation of the extent to which an individual is struggling to 

respond to, and cope with, its surrounding environment, Neuroticism is the 

only personality dimension where being rated highly upon it can also be 

indicative of underlying health issues Assessment of personality in this 

context is thus highly valuable for preventing potential health and welfare 

issues before they arise. 

Finding suitable enrichment techniques for highly Neurotic ferrets may 

prove to be challenging considering that these individuals are likely to find 

many of the strategies outlined above, overwhelming. It would thus be 

advantageous to instead focus on providing items that would help alleviate 

situations that such individuals find stressful. For example, providing 

additional hiding places and enclosed sleeping areas. Provision of extra 

tunnels would also be advantageous in that it fulfils the necessity for hiding 

but also allows these individuals to feel safe whilst playing. Furthermore, 

highly Neurotic individuals may benefit from an increased amount of time 

spent with their human handlers rather than conspecifics.  

These proposed enrichment techniques are based purely on the results 

presented in this thesis and will thus require formal testing via empirical 

research. We have nonetheless however, provided an avenue for the 

improvement of management and welfare strategies in domestic ferrets. 

 

6.4.2 Development of a Standardised Personality Assessment Tool: 

Although the domestic ferret is now a popular companion animal, their 

behaviour is still largely misunderstood and there is currently no reliable 

method for assessing behaviour or identifying potentially problematic 

behaviours in ferrets. Thus, potential ferret owners may often rely upon 

relatively unimportant factors to help choose a new companion i.e., coat 

colour, sex, or age. This can potentially lead to incompatibilities between 

animals and owners increasing the risk of the animal being abandoned or 

surrendered to welfare organisations. 
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The development of a personality assessment tool, specifically a 

questionnaire, like those that have been developed for dogs (CBARQ: Hsu 

and Serpell, 2003; and, MCPQ-R: Ley et al., 2009a) would provide a fast, 

practical aid for rescue organisations in their re-homing efforts as well as 

helping to reduce the likelihood of ferrets being returned to rescue 

organisations based on perceived behavioural issues. For instance, potential 

owners could be matched to ferrets that would be suited to their lifestyle e.g., 

family with other companion animals versus a one-person household with no 

other pets.    

This thesis has provided the crucial framework that will underpin such a 

useful assessment tool. The trait rating questionnaire developed in Chapter 

One demonstrated that it can accurately distinguish personality types of 

ferrets to a large extent, however, further work needs to be done for this 

questionnaire to be fully validated for use as a personality assessment tool. 

This will involve administering the questionnaire to another large sample of 

ferrets and applying the PCA subscale scores derived from the four SR 

personality dimensions developed from the first administration, to determine 

if the results can be replicated.  

Further behaviour testing will also need to be conducted given the small 

sample size of ferrets that underwent testing in this thesis, and the limited 

number of direct comparisons able to be made between the SR and BR 

dimensions (n = 52), resulting from missing trait rating data from owners. 

Undertaking these procedures will allow for further refinement of both the 

SR and BR personality dimensions, which may consequently improve the 

level of agreement between the two sets of dimensions. A higher level of 

convergence would mean that the ferret personality assessment tool would 

need only be comprised of a trait rating questionnaire, and negate the need 

for follow up behaviour testing, given that the questionnaire would be 

representative of both the trait rating and behavioural coding methods.  

 

6.5 Limitations of the Study and Future Research: 

Although this study has been of practical importance in establishing the 

underlying trends in ferret behavioural traits, there were certain limitations in 

the study which could be improved upon in the future. The main shortcoming 

was the discrepancy between the SR and BR ferret personality dimensions. A 
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potential reason for their lack of convergence could be attributed to the large 

number of missing responses in the owner-reported trait ratings, for those 

ferrets also used for the development of the BR dimensions. Furthermore, the 

variability in the methodology underlying the owner-reported trait ratings and 

the researcher-reported trait ratings may also explain the lack of convergence 

between the two sets of dimensions. That is, a large number of traits within 

the BR dimensions were able to be removed based on a correlation matrix 

(revealing that several of the words were describing the same trait). This 

process was not possible with the SR’s given the high amount of variability 

in the ferret owners’ scoring. It is advisable that future research comparing 

owner-based and researcher-based trait ratings, utilise a more stringent 

methodology, i.e. examine samples of similar size, and use ratings from 

multiple researchers. 

Moreover, there were factors that could influence personality that were 

not able to be analysed in this thesis. For instance, we attempted to examine 

the effect of physiology on personality via the use or salivary cortisol 

concentrations. However, after numerous inconsistent results in validation 

methods, it was decided to terminate this component of the project. In future 

it is highly advised that ferret physiology be investigated considering the 

important relationship between glucocorticoids and their potential effects on 

behaviour (Koolhaas et al., 1999; Groothuis and Maestripieri, 2013). 

Another important element that was only briefly examined in this thesis, 

is the effects of age on personality. Although additional investigation is 

required into this relationship, this thesis nonetheless provides further 

evidence that Extraversion is negatively correlated with age, as has already 

been demonstrated in humans (Moyano and Sierra, 2013) and dogs (Ley and 

Bennett, 2008; Kubinyi et al., 2009). This relationship is unsurprising 

considering younger animals typically have higher energy levels, increased 

inclination to participate in play, and an increased propensity to seek novel 

stimuli in their surrounding environment.  

It would not only be valuable to examine age effects in more details in the 

future, but also to investigate the specific effects of ontogeny (lifetime 

development) in ferrets, for example, litter size, sex ratio of litter, and age of 

weaning. This is essential for understanding the function and evolution of 

personality in a species (Stamps and Groothuis, 2010). Although we 
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attempted to examine personality at two intervals in time, we were not 

successful in demonstrating repeatability of behaviour in this case, likely due 

to small number of subjects able to be re-tested. Thus, further research from 

an evolutionary perspective is required, in a much larger sample size and 

across different intervals of an individuals’ lifespan to gain true insight of 

how personality develops and is maintained. 

Furthermore, environmental effects on ferret personality development 

should be explored in future research. It has been theorised that a higher level 

of consistency is likely to occur when positive feedback loops are present 

between the individual and its environment (Bergmüller and Taborsky, 2010). 

For instance, when an individual opts to live in an ecological or social niche 

appropriate for their personality type, allowing and encouraging the 

expression of particular personality types (Bergmüller and Taborsky, 2010; 

Stamps, 2003). Studies have found that the degree of behavioural variation 

demonstrated  by an individual is expressed consistently across a range of 

behavioural tests (e.g. great tits: Carere et al., 2005; trout: Ruiz-Gomez et al., 

2008; and, sticklebacks: Bell and Sih, 2007). With regards to determining best 

management practices in ferrets, it would also be valuable to explore if 

amount of daily time owners spend interacting with and handling their ferrets 

positively influences aspects of personality. It is hypothesised that ferrets 

would rate higher on the Extraversion and Sociability dimensions, and lower 

on Neuroticism, the more time they spend being handled by their owners. 

 

6.6 Conclusion: 

This thesis has provided much needed insight into the personality of the 

domestic ferret. Using two different methods of assessment, rating and 

coding, we developed two sets (SR and BR) of four personality dimensions 

for ferrets. Although the two sets of dimensions did not converge strongly 

when subject to reliability measures, they were nonetheless comprised of 

similar traits, indicating good construct validity. 

 Furthermore, it was found that all BR personality dimensions were strong 

predictors of many behavioural variables and from a biological perspective, 

these correlations provide good indication of both construct and discriminant 

validity. Additional validation methods utilised in this research identified 
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good inter-rater reliability but not test-retest reliability, bringing into question 

the robustness and sensitivity of the scales used.   

Finally, this research provides further evidence to the notion that 

personality and morphology are genetically linked to some extent, suggesting 

that the underlying mechanisms responsible for the adaptive significance of 

certain traits are still being maintained in domestic populations. Overall, this 

research has added to the knowledge domestic ferret personality which may 

provide opportunities to improve the welfare of this popular companion 

animal.  
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Appendix One: The Development of a Non-Invasive Method for 

Quantifying Cortisol Concentration in The Domestic Ferret (Mustela 

putorius furo). 

 

Introduction: 

Many studies have supported the notion that behaviour and physiological 

responses to stress are inextricably linked (Moberg, 2000; Wielebnowski et 

al., 2002; Svendsen et al., 2007; Malmkvist et al., 2011; Baugh et al., 2012; 

Grand et al., 2012). Given that personality traits can be good predictors of 

behaviour, it is likely that personality type is associated with how an 

individual responds and copes with stress. In fact, it is hypothesised that the 

hypothalamic–pituitary–adrenal (HPA) axis plays a vital role in personality 

variation (Baugh et al., 2012). This has been supported by previous 

personality studies in both humans and animals which revealed that the stress 

response as well as immunity strength and breeding status are significantly 

related to personality differences (Sapolsky, 1990; Koolhaas et al., 1999; 

Wielebknowski, 1999; Segerstrom, 2000). Thus, it can be assumed that 

personality testing in any species can assist in identifying those individuals 

susceptible to environmental and social sources of stress (Horback et al., 

2013). Being able to identify individuals vulnerable to stress according to 

which personality traits are associated with deviations in basal cortisol levels, 

is advantageous for the management of both zoological and domestic animals. 

For instance, this information can be used when establishing compatible 

social groups and implementing appropriate enrichment techniques (Manteca 

and Deag, 1993; Highfill, 2008).  

The aim of this study was two-fold; the first being to develop a non-

invasive method for the measurement of acute stress in ferrets. The second 

objective was to determine the effect of behavioural assessments on salivary 

cortisol concentration and if this differs with personality type in ferrets.   

 

Methods: 

Ethical note: 

All procedures were approved and conducted in accordance with the strict 

ethical guidelines of Charles Sturt University’s Animal Care and Ethics 

Committee (protocol no. 14/029). 
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Subjects:  

The subjects were the 137 Australian ferrets used during the previous 

components of this research (see 3.3.1 and 4.3.1). 

 

Saliva Collection: 

A pre-weighed disc (6 mm in diameter) of filter paper (Whatman No. 1, 

Sigma) (Hau et al., 2001) was placed in the ferret’s cheek cavity using a pair 

of blunt forceps. This invoked a chewing response and the paper was held in 

the mouth until sufficiently soaked with saliva. Samples were then returned 

to their individual Eppendorf tubes for storage. 

Five saliva samples were taken from each ferret: 15 minutes before 

conducting behavioural tests (-15mins), directly before behavioural testing (-

0mins), directly after behavioural testing (+0mins), and then two additional 

at 15min intervals post-testing (+15mins and +30mins). Excluding the period 

of behavioural testing, the ferret was returned to its enclosure between sample 

collections.  

The samples were frozen at -5°C whilst in the field. Upon returning to the 

laboratory, the filter paper samples were each weighed again to determine the 

amount of saliva collected.  Samples were then stored at -80°C until 

extraction and analysis could be conducted. 

 

Physiological Validation: 

In vertebrates, the administration of adrenocorticotropic hormone (ACTH) 

simulates the natural adrenal response. The ACTH challenge was conducted 

in this study by administering a single intramuscular injection of ACTH in 

the form of Synacthen (Provet Pty Ltd, Australia), to one male ferret and one 

female ferret that were external to the study sample. The dose of Synacthen 

required for an effective response was determined to be 1.0mg/kg (Rosenthal 

et al., 1993). Similarly to the sampling method before and after behavioural 

testing, five saliva samples were collected from each ferret: 15 minutes before 

the Synacthen injection (-15mins), directly before the injection (-0mins), 

directly after (+0mins), and then two additional at 15min intervals post-

injection (+15mins and +30mins).  

  

Cortisol extraction: 
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The saliva was extracted by adding 100µl of ACS Grade Diethyl Ether to 

the sample. After shaking well, the top ether layer was pipetted and placed in 

a clean Eppendorf tube. This was repeated twice more, combining the ether 

layers. The two samples taken prior to behaviour testing and three samples 

taken post-testing, were pooled resulting in two pooled saliva samples per 

ferret (one pre and one post behaviour testing). It was decided to pool the 

samples due to the fact that when trialling this methodology, the cortisol 

concentrations of individual saliva samples were too low to be measured 

when assayed.  

The ether in the pooled samples was then evaporated to dryness using 

nitrogen. Assay buffer (200µl) from the ELISA kit to be used was then added 

to each dried sample and vortexed three times at five minute intervals. The 

reconstituted samples were then run in the assay.  

 

Enzyme linked immunosorbent assay (ELISA): 

All samples were analysed using the protocol and supplied reagents for the 

Enzo Life Sciences cortisol ELISA kit (ADI-901-070). All samples were run 

in duplicate and randomly assigned to wells on a total of six plates in addition 

to blanks and seven standards.  

Standard curves (312-20,000pg/mL) were generated using a 4-parameter 

logistic curve fitting program (MyAssays.com).  

 

Assay Validation: 

To test the validation of the commercial ELISA kits, the following 

measures were taken: intra- and inter-assay validation and spike-recovery 

test. For the intra-assay validation method, one sample was assayed across 

four different wells within the single plate. The inter-assay validation method 

was tested by running one sample in four different wells across four different 

plates. The spike-recovery test was conducted by spikeing a piece of filter 

paper with a know cortisol concentration of 1000 pg/ml, carrying out the same 

extraction process as the samples then including in the assay to determine the 

percentage cortisol that could be recovered. 
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Results: 

ELISA parallelism and validation: 

 

 Concentration 

(pg/ml) 

%CV 

ACTH challenge:   

Ferret 1(M):   

Pooled sample 1 

(pre-synacthen) 

23.63 N/A- one duplicate 

value exceeded curve 

Pooled sample 2 

(post-synacthen) 

2426 19.9 

Ferret 2(F):   

Pooled sample 1 

(pre-synacthen) 15170 

N/A- one duplicate 

value exceeded curve 

Pooled sample 2 

(post-synacthen) 11220 

N/A- one duplicate 

value exceeded curve 

   

Intra-assay validation:   

Intra-assay rep 1 > Curve - 

Intra-assay rep 2 14030 62 

Intra-assay rep 3 5479 62 

Intra-assay rep 4 > Curve - 

   

Inter-assay validation:   

Inter-assay rep 1 > Curve - 

Inter-assay rep 2 > Curve - 

Inter-assay rep 3 7640 - 

Inter-assay rep 4 > Curve - 

   

Spiked sample recovery 1445 35 

   

 

 

Termination of study: 

The results of the validation methods undertaken were found to be highly 

variable (Table 1) with several values being outside of the standard curve and 

the available coefficient of variation (%CV) values all exceeding the 

acceptable threshold of 15%. It was therefore decided to not proceed with 

analysis of the sample concentrations considering the probable unreliability 

of these values, based on the results of the validation measures.  

Due to the small volume of saliva collected from each ferret, the samples 

could not be re-run as there was insufficient saliva remaining after the first 

ELISA. Unfortunately, time constraints prevented us from repeating the 

sample collection process to repeat this phase of the study. 
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Appendix Two: Consistency for scoring of each trait across the behaviour 

tests represented by Cronbach alpha score. The traits scored differed across 

tests according to context, but each trait was scored within at least two tests. 

 
 

 

 

 

 

Trait Cronbach 

alpha 

Behavioural tests for which trait was scored 

  NAT FPT NOT1 NOT2 NOT3 SAT CT1 CT2 NRT 

    Ob Ow Ob Ow Ob Ow  Ob R Ob R  

Affiliative 0.547  ✓       ✓      

Aggressive 0.519  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Alert 0.829 ✓  ✓  ✓  ✓       ✓ 

Analytical 0.718   ✓  ✓  ✓       ✓ 

Anxious 0.895 ✓ ✓ ✓  ✓  ✓  ✓ ✓  ✓  ✓ 

Calm 0.885 ✓ ✓       ✓ ✓    ✓ 

Carefree 0.704 ✓ ✓ ✓  ✓  ✓  ✓ ✓    ✓ 

Compulsive 0.811 ✓             ✓ 

Confident 0.854 ✓  ✓  ✓  ✓       ✓ 

Consistent 0.720  ✓ ✓  ✓  ✓  ✓ ✓  ✓  ✓ 

Docile 0.860  ✓       ✓ ✓  ✓   

Eager 0.710   ✓  ✓  ✓   ✓  ✓   

Erratic 0.909   ✓  ✓  ✓   ✓  ✓  ✓ 

Excitable 0.803  ✓ ✓  ✓  ✓  ✓ ✓  ✓  ✓ 

Exploratory 0.482 ✓ ✓ ✓  ✓  ✓  ✓ ✓  ✓   

Extraverted 0.897  ✓ ✓  ✓  ✓  ✓     ✓ 

Fearful 0.878 ✓ ✓ ✓  ✓  ✓  ✓ ✓  ✓  ✓ 

Friendly 0.493  ✓       ✓      

Independent 0.839   ✓  ✓  ✓   ✓  ✓  ✓ 

Interested 0.731 ✓ ✓ ✓  ✓  ✓  ✓ ✓  ✓  ✓ 

Nosey 0.601 ✓  ✓  ✓  ✓        

Outgoing 0.704  ✓       ✓      

Perceptive 0.843   ✓  ✓  ✓   ✓  ✓  ✓ 

Persistent 0.699 ✓  ✓  ✓  ✓   ✓  ✓   

Playful 0.787 ✓ ✓ ✓  ✓  ✓  ✓ ✓  ✓  ✓ 

Predictable 0.744  ✓ ✓  ✓  ✓  ✓ ✓  ✓  ✓ 

Purposeful 0.683 ✓  ✓  ✓  ✓   ✓  ✓  ✓ 

Scared 0.852 ✓ ✓ ✓  ✓  ✓  ✓ ✓  ✓  ✓ 

Sociable 0.576  ✓       ✓      

Tame 0.835  ✓       ✓ ✓  ✓   

Vocal 0.855 ✓ ✓ ✓  ✓  ✓  ✓ ✓  ✓  ✓ 

Zealous 0.824  ✓ ✓  ✓  ✓  ✓ ✓  ✓  ✓ 

Key:  

NAT = Novel Approach Test 

FPT = Familiar Person Test 

NOT (1-3) = Novel object test; 1 (toy car), 2 (toy rabbit), 3 (rag) 

SAT = Stranger Approach Test 

CT (1-2) = Chase test; 1 (toy mouse); 2 (rabbit hide) 

NRT = Noise Response Test 

 

Ob = Object directed 

Ow = Owner directed 

R = Researcher directed 
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Appendix Three: Full list of traits removed categorised by reason for 

removal, prior to Principal Components Analysis 

 

Traits difficult 

for researcher 

to rate 

Traits that could not 

be scored by observing 

ferret on its own 

 

Trait pairs/groups with high correlation 

score. Only one of each grouping 

retained (bold) 

Gentle Assertive Bold ≈ Confident 

Obedient Dominant Relaxed ≈ Calm 

Stubborn Submissive Cautious ≈ Wary ≈ Scared 

Hardy Protective Impulsive ≈ High-strung ≈ Hyperactive ≈ 

Erratic 
Strong Self-assured Focused ≈ Attentive ≈ Interactive ≈ 

Inquisitive ≈ Interested 

Trainable  Sensitive ≈ Skittish ≈ Anxious 

Versatile  Boisterous ≈ Enthusiastic ≈ Frivolous ≈ 

Excitable  

Communicative  Determined ≈ Persistent 

Emotional   

Opportunistic   

Intelligent 

 

  


