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Abstract

Small mammals are particularly dependent on owner-provided housing and husbandry yet are
frequently kept in conditions that do not meet their welfare needs. This study used the COM-B
model (Capability, Opportunity, Motivation = Behaviour) to identify behavioural drivers
influencing housing provision among 723 UK small mammal pet owners. This model of human
behaviour proposes that behaviour occurs when individuals have the capability, opportunity,
and motivation to act. Owners of the eight most commonly kept small mammal species were
surveyed: rabbits (Oryctolagus cuniculus), guinea pigs (Cavia porcellus), hamsters (Cricetinae),
gerbils (Gerbillinae), rats (Rattus norvegicus), mice (Mus musculus), chinchillas (Chinchilla
lanigera), and degus (Octodon degus). Opportunity, particularly the availability of suitable
enclosures, emerged as the primary barrier, while Capability and Motivation were identified
as facilitators, with most pet owners willing and able to provide good levels of welfare. Owner
approaches to assessing health and welfare at home were examined through qualitative word
frequency analysis, with responses mapped to the Five Domains model. This analysis focused on
rabbits, guinea pigs, rats, and hamsters due to limited data availability for other species. Overall,
behavioural indicators were most commonly used to identify positive health and welfare, while
nutritional and physical signs were cited most frequently for negative states. Changes in eating
behaviour were the most frequently cited indicators of ill health or poor welfare across all four
species, suggesting this may serve as a practical health and welfare indicator for owners.
Improving access to suitable housing and further exploring eating behaviour as an early health
and welfare indicator may together support better husbandry for small mammal pets.

Introduction

Small mammal species are becoming increasingly popular as companion animals (McLaughlin &
Strunk 2016; Díaz-Berciano & Gallego-Agundez 2024). A UK-wide pet census by Blue Cross
(2024) found that 9% of respondents owned rabbits (Oryctolagus cuniculus), and 9% owned other
small pets, with guinea pigs (Cavia porcellus) and hamsters being most popular, followed by rats
(Rattus norvegicus), gerbils, chinchillas, degus and mice (Mus musculus), respectively. This
represents hundreds of thousands of animals, including approximately 1 million rabbits,
700,000 guinea pigs, and 600,000 hamsters (UK Pet Food 2024). Despite their popularity, there
is surprisingly limited information available regarding the natural behaviour, health, welfare, care
and housing requirements of these species (Harrup & Rooney 2020; Mee et al. 2022; Hedley et al.
2023; Gilhofer et al. 2024; Schneidewind et al. 2024). Small mammal pets belong to different
orders; the order, Rodentia includes rodents like mice, rats, hamsters and gerbils, while rabbits
belong to the order, Lagomorpha (Allaby 2003). Together, these orders make up the mammalian
clade,Glires (Yeates &Baumans 2019).Within this clade, there are variouswild and domesticated
species, subspecies, and breeds, each with distinct needs (Lonstein & De Vries 2000; O’Neill et al.
2022). Some species were domesticated for use as a food source or for their fur, while others were
bred for scientific research purposes, or purely for aesthetics (Mitchell 2009; Yeates & Baumans
2019), further contributing to their diversity (Linderholm & Larson 2013; Saré et al. 2021).
Despite these differences, small mammal pets are often treated as a homogeneous group. For
example, many small mammal enclosures are labelled for ‘rodents and small animals’ rather than
a specific species (Bläske et al. 2022).

Small mammal housing

There is evidence to suggest that pet rabbits and small rodents are often housed in inappropriate
enclosures. For example, Rooney et al. (2014) surveyed 1,254 rabbit owners across South-West,
North-West and Eastern England and found that 27.5% of rabbits were housed in enclosures that
limit natural behaviour. Furthermore, 43.5% of rabbits, a social species, were housed singly, and a
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small number were housed with predator species (e.g. domestic cats
[Felis catus]). Similarly, Mee et al. (2022) found that 31.2% of
rabbits lived in inadequate housing, with half being housed alone.
Harrup and Rooney (2020) also identified poor housing practices in
guinea pig owners, with 21.4% of guinea pigs being housed alone,
and 18.2% being housed in enclosures smaller than those recom-
mended by the British Cavy Council (Neesam 2015). In addition,
commercially available enclosures may not always meet optimal
housing standards. For example, Bläske et al. (2022) assessed the
suitability of small pet products in Germany, including enclosures,
bedding, and accessories. Criteria were created based on animal
welfare legislation and animal welfare organisation guidelines.
Between 50 to 100% of species-specific enclosures were evaluated
as being unsuitable for the specific animal in question as regards
their welfare (Bläske et al. 2022). These ongoing issues may stem, in
part, from a lack of research into species-specific housing needs,
making it difficult for both manufacturers and owners to make
informed decisions. Much of the research on small mammal hous-
ing has been conducted for laboratory animals, where animal
welfare competes with other priorities, including financial and
scientific considerations (Mazhary & Hawkins 2019; Harrup &
Rooney 2020; Neville et al. 2022). However, the limited evidence
that does exist suggests that enclosures should be as big as is feasible;
those that are too small may restrict the ability of the animal to
performnatural behaviours and can increase inactivity (Dixon et al.
2010; Hedley et al. 2023). Furthermore, we know that many Glires
are social animals and should be housed in pairs or small groups
(Bläske et al. 2022; Gilhofer et al. 2024; Schneidewind et al. 2024),
while recent evidence suggests that, although some species, such as
Syrian hamsters (Mesocricetus auratus), have been traditionally
housed alone, all hamster species may require solitary housing
(Ross et al. 2017; Hedley et al. 2023).

Appropriate housing is of concern to small mammal owners; in
their Big Pet Census, Blue Cross (2024) found that 8% of respond-
ents identified “ensuring pets have adequate housing” as their top
welfare concern. However, this may relate to their own ability to
provide housing, the availability of housing on the market, or
something else. According to Section 9 of the UK Government
AnimalWelfare Act (2006), pet owners are responsible for meeting
their animals’ day-to-day needs. This is especially important for
animals kept in enclosures, where they rely entirely upon humans
for food, water, and care. Furthermore, inappropriate husbandry in
small mammals is often linked to poor health, meaning a lack of
suitable housing has a significant impact on animal welfare (Wills
2020). Considering this, it is important to understand the barriers
that prevent owners from providing appropriate housing, and to
determine whether these relate to intrinsic factors (e.g. knowledge,
habits), external constraints (e.g. availability of suitable enclosures,
social norms), or a mixture of both.

Understanding owner behaviour: Intrinsic and extrinsic barriers

In recent years, animal welfare science has moved away from
focusing solely on the attitudes and intentions of those responsible
for the care of animals, to adopting broader human behaviour
change frameworks that consider a wide range of influencing
factors (Carroll & Groarke 2019; Cornish et al. 2019). For example,
while pet ownersmay intend to provide suitable housing, habits, the
social environment or the availability of resources may also deter-
mine their behaviour, factors which, although touched upon in
earlier attitude models (via normative and control beliefs) are
treated more explicitly and independently in newer frameworks.

In order to change human behaviour to improve animal welfare, the
barriers and facilitators associated with a desired outcome must be
identified (Michie et al. 2011; Carroll et al. 2021). This can be done
using the Behaviour Change Wheel (Michie et al. 2014); a frame-
work that was originally used by Health Psychologists to change
human behaviours, such as smoking and physical inactivity
(e.g. Fulton et al. 2016; Truelove et al. 2020). Barriers and facilita-
tors can be identified using the COM-B model (Capability-
Opportunity-Motivation = Behaviour) which can, in turn, be
mapped to viable solutions known to be successful in changing
human behaviour (Michie et al. 2014). This model of human
behaviour proposes that behaviour occurs when individuals have
the Capability, Opportunity, and Motivation to act. Each of these
components can be divided into two subtypes, resulting in six
categories in total (Michie et al. 2014). Capability includes both
physical capability (e.g. strength, dexterity) and psychological cap-
ability (e.g. knowledge, cognitive skills). Opportunity is divided into
physical opportunity (e.g. time, resources) and social opportunity
(e.g. cultural norms, social expectations). Motivation is comprised
of reflective motivation (e.g. conscious planning, beliefs, inten-
tions) and automaticmotivation (e.g. habits, emotional responses,
impulses). To the authors’ knowledge, this approach is yet to be
used in the context of rabbit and small rodent companion animal
housing.

Welfare assessment of small mammals

Similar to housing requirements, methods of assessing rabbit
and small mammal welfare are under-developed. Cohen and Ho
(2023) conducted a systematic review of rat, mouse, guinea pig
and rabbit welfare indicators and found there to be a lack of focus
on direct welfare assessment methods. Similar to housing guide-
lines, most welfare measures are found within the grey literature
(e.g. veterinary textbooks, animal welfare organisation materials),
with few coming from the scientific literature. Welfare assessment
measures that involve direct assessment of the animal more
accurately reflect the welfare state than indirect resource-based
measures alone (European Food Safety Authority [EFSA] 2012).
For example, assessing enclosure size is a resource-basedmeasure,
while assessing coat quality or animal behaviour would be animal-
basedmeasures.While physiological measures are less practical to
assess and often require a level of expertise and skill (Cohen & Ho
2023), physical and behavioural measures are more accessible to
pet owners. Recently, James and Wills (2025) surveyed 1,700
guinea pig, hamster, rat, gerbil and mouse owners and found an
association between owners’ perceived confidence in identifying
illness, and their actual accuracy when asked to recognise clinical
signs and behaviours indicative of ill health. Although this asso-
ciation was weak, it suggests that small mammal pet owners may
have some capacity to accurately assess their animals’ welfare status.
This is particularly important given that small mammals are less
likely to receive veterinary care compared to species such as cats and
dogs (Canis familiaris) (Fox & Neville 2024). Furthermore, veterin-
arians often have limited training as regards the treatment of exotic
species and have reduced confidence in their ability to provide
adequate care (Grant et al. 2017; Wills & Holt 2020; Espinosa
García-SanRomán et al. 2023). Thebrief time spentwith each animal
may also hinder thorough assessments (Robinson et al. 2014). In
order to improve small mammal welfare, it is important to under-
stand how owners assess their pets’ health and welfare in the home.

The aims of the current study were thus to: (a) assess barriers to,
and facilitators of, provision of suitable housing for pet rabbits and
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rodents in the UK; and (b) determine key positive and negative
health and welfare indicators in pet rabbits and rodents, according
to their owners.

These aims allow for an assessment of both welfare inputs, such
as the physical environment provided, and welfare outputs, such as
the owners’ ability to recognise indicators of welfare status.

Materials and methods

Ethical considerations

Hartpury University Ethics Committee (ETHICS2021-113) approved
this study on 27 July 2022.

Study design and recruitment

A cross-sectional descriptive study design was used, with quantita-
tive and qualitative elements. An online survey was disseminated by
Blue Cross through paid Facebook advertising. UK-based owners of
the eight most commonly kept species were targeted: rabbits, guinea
pigs, hamsters, gerbils, rats, mice, chinchillas and degus. Links to the
survey were also shared via relevant Facebook groups. The survey
was hosted onQualtrics andwas live between the 23November 2022
and 6 January 2023.

The survey

A detailed survey was distributed to collect information regarding
owner and pet demographics, housing, enrichment, diet, bedding,
animal welfare, and barriers to appropriate housing. The surveywas
designed to enable reporting the key barriers to provision of suitable
housing, and participants’ qualitative assessments of their pets’
welfare and to be completed for one animal only. Participants were
instructed to select one species, and if they owned multiple animals
of the same species, they were to choose the individual whose name
appeared first in the alphabet. Participants were directed automat-
ically to the branch of questions relevant to their selected species
and could choose to leave certain questions blank should they so
desire.

Barriers to provision of suitable housing

Participants were required to rate 51 statements on a 5-point Likert
scale (1 = strongly agree, 2 = agree, 3 = neither agree nor disagree,
4 = disagree, 5 = strongly disagree). These statements were based on
a review of the literature and the expert knowledge of the authors
and were framed by the COM-B and Theoretical Domains Frame-
works (Cane et al. 2012; Michie et al. 2014). The COM-B model is
used to gain an understanding of behaviour in-context. For a given
behaviour to occur, there must be the ‘Capability’ to do it, the
‘Opportunity’ for it to occur, and the ‘Motivation’ to perform the
behaviour (Michie et al. 2014). The Theoretical Domains Frame-
work (TDF) is made up of 14 domains that help explain what
influences behaviour; ‘Knowledge’, ‘Skills’, ‘Memory, attention and
decision processes’, ‘Behavioural regulation’, ‘Social/professional
role and identity’, ‘Beliefs about capabilities’, ‘Optimism’, ‘Beliefs
about consequences’, ‘Intentions’, ‘Goals’, ‘Reinforcement’, ‘Emo-
tion’, ‘Environmental context and resources’, and ‘Social behav-
iour’. The TDF sits under the COM-B model (Cowdell & Dyson
2019). For example, ‘Knowledge’ and ‘Skills’ sit under ‘Capability’
and ‘Belief about consequences’ sits under ‘Motivation’. Questions
were posed under each of the 14 domains. While each item was

mapped to a single COM-B domain for clarity, we acknowledge
that some constructs, particularly belief-based statements, may
align with more than one domain. For example, normative beliefs
shaped by social influence were classified under ‘Social oppor-
tunity’, though they also reflect aspects of ‘Motivation’ (Whittal
et al. 2021).

Descriptive statistical analyses were carried out in SPSS,
version 29.

Qualitative health and welfare assessments

Participants were asked to write down up to three signs that they
thought indicated their pet’s positive or negative health and welfare
status (“I knowwhenmy [species] is happy/healthy when…” and “I
know when my [species] is unhappy/ill when…”).

Word frequency analysis

Word frequency analysis was utilised to determine the most com-
mon words used to describe signs of positive and negative health
and welfare. Word frequency analysis allows patterns to be easily
identified and can decrease bias in interpretation of the data
(Onwuegbuzie & Leech 2007; Feng & Behar-Horenstein 2019).
Words were required to contain three or more letters, and were
initially grouped with stemmed words, for example, ‘hide’, ‘hid-
ing’ and ‘hides’). Stop-words like ‘a’, ‘for’, and ‘have’ were
excluded (Baradad & Mugabushaka 2015) as they do not contrib-
ute meaning to the descriptions given by pet owners. The 25 most
frequently used words were then assessed manually, with syn-
onyms being grouped together (e.g. ‘lethargic’, ‘tired’). From this,
the ten most frequently used words, and associated synonyms,
were identified for each species.

Word frequency analysis was carried out using nVivo, ver-
sion 12. For each species, sample size permitting, the ten most
frequently used positive (happiness/good health) and negative
(unhappiness/ill health) words weremapped to the Five Domains
model of animal welfare, according to the expert opinions of two
of the authors (GC and AW). The Five Domains include ‘Nutri-
tion’, ‘Environment’, ‘Health’, ‘Behaviour’ and ‘Mental state’
(Mellor 2017). As ‘Environment’ is input-based and given the
nature of the question directed to participants, this domain was
not coded.

Results and Discussion

Participants

In total, n = 723 participants completed the survey; 238 responses
were available for rabbits, 191 for guinea pigs, 163 for hamsters,
79 for rats, 22 for gerbils, 15 for mice, nine for degus and six for
chinchillas.

Barriers to, and facilitators of, providing appropriate housing

While we did not conduct statistical comparisons, Opportunity
emerged as the most commonly cited barrier across all species,
while Motivation and Capability were typically facilitators. The
level of agreement with statements related to barriers to provision
of suitable housing related to Capability is shown in Table 1.

Most owners reported high levels of psychological and phys-
ical capability, with many stating they understood their species’
needs and housing requirements. For example, 93.1% agreed
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Table 1. Self-reported Capability of owners (n = 723) of rabbits (Oryctolagus cuniculus), guinea pigs (Cavia porcellus), hamsters (Cricetinae), gerbils (Gerbillinae), rats
(Rattus norvegicus), mice (Mus musculus), chinchillas (Chinchilla lanigera), and degus (Octodon degus)to provide appropriate housing for small mammals

Capability

Level of agreement*

1
(strongly
agree) 2 3 4

5
(strongly
disagree)

Psychological capability

I did my research before acquiring my pet 75.0 18.1 2.2 3.4 1.3

I have a good understanding of the type of housing that my pet needs 85.8 13.3 0.3 0.6 0.0

I know whether my pet should be housed alone, in a pair or in a group 91.1 7.9 0.4 0.6 0.0

I know whether my pet is naturally diurnal, nocturnal or crepuscular 86.6 11.4 1.9 0.1 0.0

I know where to go for advice on pet housing 72.0 21.0 4.7 1.8 0.4

I am able to identify if the enclosure is large enough for my pet 79.8 18.3 1.5 0.4 0.0

I am aware of recommended minimum housing sizes for my pet’s species 80.3 16.1 2.1 1.5 0.0

I knew what species I was going to choose when I went to get my pet 80.1 12.1 4.0 3.1 0.6

I chose this species as I had them as a child 24.5 17.8 12.8 22.8 22.1

I choose the first enclosure I saw at the pet shop without giving it much thought 1.6 3.4 2.8 17.5 74.7

I am in the habit of cleaning my pet’s enclosure regularly 64.7 28.2 5.4 1.6 0.1

I am aware of my species’ needs and will adapt my care of them accordingly 83.2 16.1 0.7 0.0 0.0

Physical capability

I am able to maintain my pet’s enclosure cleaning regime 71.9 26.1 1.3 0.6 0.1

I am physically capable of cleaning my pet’s enclosure to the standard I would like 78.7 18.4 1.7 1.1 0.1

It would be physically challenging for me to maintain a larger enclosure 3.5 9.6 15.8 38.1 33.0

*1 = strongly agree, 2 = agree, 3 = neither agree nor disagree, 4 = disagree, 5 = strongly disagree

Table 2. Self-reported Opportunity of owners (n = 723) of rabbits (Oryctolagus cuniculus), guinea pigs (Cavia porcellus), hamsters (Cricetinae), gerbils (Gerbillinae),
rats (Rattus norvegicus), mice (Mus musculus), chinchillas (Chinchilla lanigera), and degus (Octodon degus) to provide appropriate housing for small mammals

Opportunity

Level of agreement*

1
(strongly
agree) 2 3 4

5
(strongly
disagree)

Physical opportunity

I can find suitable housing for my pet when I go to the pet shop 3.4 5.0 7.3 29.0 55.3

I am able to find the housing I want 17.3 35.9 12.6 20.2 13.9

I can afford the enclosure needed for my pet 36.8 40.9 13.0 6.9 2.3

I don’t have the time to work out which housing is most suitable for my pet 0.4 0.9 4.6 30.8 63.2

I don’t have the space to increase the size of my pet’s housing 6.5 28.8 12.8 29.3 22.7

Social opportunity

Other people that keep this species use enclosures similar to mine 16.6 35.9 20.1 19.8 7.6

I have the support I need in helping me choose the most appropriate housing 28.9 37.9 19.2 10.9 3.1

I am able to ask for advice from professionals (e.g. vet, pet shop staff) on what housing I should be
using

16.9 26.3 19.2 23.9 13.7

I am able to ask for advice from my family and friends on what type of housing I should be using 8.6 18.2 16.8 33.2 23.1

Most people whose opinion I value would approve of my pet’s current housing 61.2 31.3 4.4 1.6 1.6

My family, friends and/or society see my pet as a ‘children’s pet’ 22.0 36.3 14.9 18.3 8.5

My family and friends see rabbits and small rodents as ‘starter’ pets 21.4 33.2 15.9 19.9 9.6

*1 = strongly agree, 2 = agree, 3 = neither agree nor disagree, 4 = disagree, 5 = strongly disagree
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they had researched housing prior to acquiring their pet, and
99.1% reported knowing their species’ social housing needs.
Owners who are well-informed about species-specific needs
may be better equipped to provide suitable housing. For
example, McMahon and Wigham (2020) found that owners
who had higher acknowledgement of rabbit sentience were more
likely to provide suitable housing and a variety of environmental
enrichment types. However, it is worth noting that in the cur-
rent study, we used pet owner self-reported capability, which
may not reflect actual capability. As part of a larger study, we
collected enclosure images and data on social housing and
enrichment use. This will allow for a direct comparison between
owners’ reported capability and their actual husbandry practices
(Wills et al. in prep).

This study identified Opportunity as themost significant barrier
to the provision of suitable housing for pet rabbits and rodents. The
level of agreement with statements relating to Opportunity is
shown in Table 2.

Despite high levels of self-reported capability, many owners
indicated a lack of access to appropriate housing products, par-
ticularly in pet shops. In the current study, 84.3% of respondents
either disagreed or strongly disagreed that suitable housing was
available at pet shops. This is consistent with earlier research
indicating that enclosures for rabbits and other small mammals
are frequently undersized or otherwise fail to meet welfare
requirements (Harrup & Rooney 2020; Bläske et al. 2022; Mee
et al. 2022). These findings suggest that the current market does
not always support optimal animal welfare, likely due in part to
limited evidence on species-specific housing needs and a lack of
consistent guidelines. In the absence of consistent guidance or
regulation, owners may be left to choose from a restricted range of
housing options, some of which may not fully meet the animals’
behavioural and physical requirements. Furthermore, over one-
third of participants reported insufficient space at home for
provision of larger housing, reinforcing the role of environmental
constraints in determining pet owner behaviour. Responses to this

Table 3. Self-reported Motivation of owners (n = 723) of rabbits (Oryctolagus cuniculus), guinea pigs (Cavia porcellus), hamsters (Cricetinae), gerbils (Gerbillinae), rats
(Rattus norvegicus), mice (Mus musculus), chinchillas (Chinchilla lanigera), and degus (Octodon degus) to provide appropriate housing for small mammals

Motivation

Level of agreement*

1
(strongly

agree) 2 3 4

5
(strongly
disagree)

Reflective motivation

It is my job as the pet owner to identify suitable housing for my pet 91.4 8.2 0.3 0.1 0.0

It is the job of the pet store to make sure that appropriate housing is available for sale 67.0 21.3 5.9 2.7 3.1

It is my vet’s job to inform me of what is or is not appropriate housing 15.8 27.0 27.7 22.5 7.0

I see myself as someone who cares about animal welfare 91.4 8.3 0.1 0.1 0.1

It is my responsibility to monitor my pet’s welfare and change things accordingly 93.4 6.4 0.1 0.0 0.0

I can improve my pet’s welfare by altering their enclosure 47.9 27.6 15.7 6.4 2.4

For me, providing suitable housing for my pet is easy 50.9 33.3 10.0 5.4 0.3

For me, providing housing that meets all my pet’s needs is impossible 4.2 4.3 5.9 26.7 58.9

I expect enclosures on sale in mainstream pet shops to be good enough for my pet 45.5 20.5 10.1 9.8 14.0

I expect information about my species is easily available 50.7 31.1 9.9 7.1 1.3

I expect enclosures for sale to be affordable 30.1 32.9 24.9 9.8 2.4

I have knowingly used the wrong enclosure type for my pet 3.0 7.9 3.6 28.0 57.4

If clear housing guidelines were available, I would follow them 63.7 25.8 9.9 0.6 0.0

I will buy better housing for my pet in the next year 7.3 7.6 33.0 35.9 16.3

Providing good animal welfare is a priority for me 91.1 8.6 0.1 0.1 0.0

Other aspects of husbandry (e.g. food, toys etc) are more important than housing type 4.2 4.6 49.0 35.3 6.9

The size of my pet’s cage is not important as my pet spends time outside of the cage during the day 2.8 3.8 10.9 44.1 38.4

If my pet’s enclosure is too small, they can still have good welfare 0.9 4.1 10.4 45.0 39.6

If I provide better housing, it will benefit my pet’s welfare 61.0 28.5 7.8 2.1 0.6

I am aware that if I fail to meet the needs of my pet It may be a breach of the Animal Welfare Act 65.0 26.7 4.3 3.2 0.7

Automatic motivation

When I need one, I buy the same type of enclosure that I have always bought 10.1 13.9 27.7 34.7 13.6

When I buy high quality housing for my pet, I feel like I am making a difference 60.8 28.4 9.3 1.2 0.3

When I see my pet in the correct housing, it motivates me to improve their environment further 63.0 28.3 7.7 0.9 0.1

I would feel bad if I thought my pet did not have the best enclosure possible 75.7 21.6 1.4 0.8 0.4

*1 strongly agree, 2 = agree, 3 = neither agree nor disagree, 4 = disagree, 5 = strongly disagree
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item were more mixed than others, possibly reflecting genuine
variation in household space or the general perception of enclos-
ure adequacy. Future analyses comparing perceived constraints
with actual enclosure dimensions (collected as part of this wider
study) may clarify whether those citing space limitations are
already using larger enclosures or face genuine physical restric-
tions. Time was less frequently cited as a barrier; most owners
disagreed that time limitations prevented them from selecting
suitable housing. Only 1.3% of respondents agreed that they
lacked the time to work out which housing was suitable, while
94% disagreed, suggesting that time was not a major limiting
factor in owner decision-making. Social opportunity was also
limited. Although 66.8% of participants agreed they had support
in selecting housing, fewer than half felt able to ask professionals
for advice, and fewer still viewed family and friends as reliable
sources of advice. Notably, many respondents felt their pets were
perceived by others as ‘starter pets’ or suitable only for children,
attitudes which may reduce the perceived importance of provid-
ing optimal care (Rioja-Lang et al. 2019). Indeed, Skovlund et al.
(2023) found that owners who viewed rabbits as starter pets were
less likely to meet their basic welfare needs and housed their
rabbits in more restricted enclosures.

Similar to Capability,Motivation of the surveyed pet owners was
high and the level of agreement with statements relating to Motiv-
ation can be seen in Table 3.

Most participants expressed a strong sense of responsibility for
their pet’s welfare. For example, almost all agreed that they see
themselves as someone who cares about animal welfare and agreed
that it is their responsibility to monitor and adjust their pet’s
welfare. This suggests that interventions aiming to enhance Oppor-
tunity are likely to be well received, as the underlying Motivation
already exists (Michie et al. 2011).

Rawresponsepatterns by species are provided in theSupplementary
material.

Linking behavioural barriers to possible intervention strategies

Now that the sources of behaviour influencing small mammal hous-
ing behaviour in theUKhave been identified, the specific barriers can
be systematically linked to intervention functions shown to be effect-
ive in addressing them (Michie et al. 2014). For example, according to
the Behaviour Change Wheel framework, barriers associated with
opportunity are best addressed via the use of interventions that serve
the functions of ‘Training’, ‘Restriction’, ‘Modelling’, ‘Environmental
restructuring’ and ‘Enablement’ (Michie et al. 2011). Restricting sale
of unsuitable housing (‘Restriction’) or increasing the availability of
suitable housing (‘Environmental restructuring’), for instance, would
make the desired behaviour more feasible and accessible to pet
owners by targeting physical opportunity. Improved access to pro-
fessional advice is another avenue for addressing lack of social
opportunity. Given that many small pet owners are less likely to
bring their animals for veterinary care (Fox & Neville 2024), expert
advice at the point of sale, for example, has the potential to reach a
large number of pet owners.

Subjective animal health and welfare assessment: Word
frequency analysis

This section explores owner perceptions of pet rabbit and rodent
welfare using open text responses. The sample of gerbil, mouse,
degu and chinchilla owners was too small to include in the analysis.
Tables 4 to 7 show the top ten words that were perceived by owners

to describe positive (happiness/good health) and negative (unhap-
piness/ill health) welfare status by species (rabbits, guinea pigs,
hamsters and rats, respectively).

Word frequency analysis revealed that, overall, behavioural
indicators were most commonly used to identify positive health
and welfare states, while nutritional and physical signs were cited
most frequently for negative states.

Interestingly, in the current study, ‘eating’ was the most com-
monly used word referred to when indicating unhappiness/ill
health across all four examined species, and ‘eats’ was the most
commonly used word referred to when indicating happiness/good
health for guinea pigs and hamsters, coming second for rabbits
and rats.

A reduction in eating behaviour can serve as an early indicator of
underlying issues, including pain, which prey species such as rab-
bits and rodents are generally considered to seek to conceal, while
also reducing the need for physical interactionwith animals that are
often difficult to handle (Carbone 2020; Venkataraman & Raaj-
kamal 2021; James & Wills 2025). Indeed, the UK Joint Working
Group on Refinement (JWGR) identified food consumption as a
general indicator of welfare that can reflect the physical, physiological

Table 4. The frequency of words used by rabbit (Oryctolagus cuniculus) owners
(n = 231) in describing signs of happiness/good health and unhappiness/illness

Word Mentions (n) Examples

Happiness/good health

Binkys1 128 ‘He runs round and binkys’

Eating 110 ‘Eating well’

Runs 53 ‘Hopping and running in the garden’

Flops2 42 ‘Flopping onto his side’

Plays 33 ‘Playing/interacting with us, his brother or toys’

Zoomy3 25 ‘They do zoomies’

Drinking 21 ‘Drinking well’

Comes 20 ‘He comes running to see me’

Relaxed 19 ‘Relaxed lying down or stretched out’

Grooms 19 ‘Grooming other rabbit or people’

Unhappiness/ill health

Eating 138 ‘Not eating/interested in food’

Hiding 46 ‘Runs into hiding area’

Hunched 35 ‘Tense postures/hunched’

Food 32 ‘Off food’

Thumps4 26 ‘He thumps his feet (diva!)’

Lethargic 24 ‘Very lethargic’

Quiet 23 ‘Quieter than usual’

Poops 21 ‘No poops’ ‘Poops not right – soft,
runny, reduced’

Drinking 17 ‘Not drinking’

Sits 16 ‘Sits in one place’ ‘Sitting still’

1Binkys: “Spontaneous leaps into the air, sometimes with body twist (McMahon and Wigham,
2020);
2flops = “Flopping onto their side” (McMahon & Wigham 2020);
3zoomy: “Fast, excited running that doesn’t involve chasing to mount/bite (McMahon &
Wigham 2020);
4thumps = “thump the ground with the hind feet” (adapted from Thurston & Ottensen 2020).
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and psychological state of laboratory animals such as rodents
(Hawkins et al. 2011). Furthermore, as animals like rabbits and
guinea pigs eat continuously throughout the day (Gidenne et al.
2010; Elfers et al. 2021), changes to eating behaviour may be more
noticeable to their owners than in species that typically eat less
frequently. Together with the current study findings, this suggests
that changes in eating behaviour may be a particularly salient and
intuitivewelfare cue for owners acrossmultiple species and should be
further explored as a potential iceberg indicator of small pet health
and welfare.

In their systematic review of validated small mammal animal
welfare assessment methods, Cohen and Ho (2023) identified
welfare indicators shared across rabbits, guinea pigs, rats and mice,
including changes in faecal output, bodyweight changes, presence
of discharge from the eyes and nose, and altered food and water
consumption. Several of these were identified by owners in the
current study. This suggests that pet owners do possess the ability to
identify relevant signs of poor health and welfare in their animals.
Furthermore, this highlights the possibility that small mammal pet
species may share welfare indicators that could be used to develop
practical, broadly applicable monitoring tools for pet owners.

Figures 1 and 2 display signs of happiness/good health and
unhappiness/ill health, as perceived by pet owners, mapped to four
of the five welfare domains, Nutrition’, ‘Health’, ‘Behaviour’ and
‘Mental state’ (Mellor 2017). Overall, the most common domain
used to signal happiness/good health across rats, hamsters, guinea
pigs and rabbits was ‘Behavioural interactions’. The most common
domainused to signal unhappiness/ill health in all species, apart from
rats was ‘Nutrition’, with ‘Health’ being most common for rats.

Study limitations

This study has a number of limitations. Firstly, pet owners recruited
through targeted advertising may not accurately represent the
typical small mammal pet owner. Instead, they are more likely to
have greater species-specific knowledge and greater competence in
care provision (Hedley et al. 2023; Fox & Neville 2024). This may
limit the generalisability of the findings. Future research could
utilise a point-of-purchase design, to capture information from
an unbiased sample of participants. Furthermore, the use of self-
reported data may not offer an accurate reflection of actual owner
knowledge or practices, as participants may overestimate their
capability or respond in socially desirable ways. This limitation
will be addressed by comparing self-reported capability with
actual husbandry practices in the same sample of participants

Table 5. The frequency of words used by guinea pig (Cavia porcellus) owners
(n = 219) in describing signs of happiness/good health and unhappiness/illness

Word Mentions (n) Examples

Happiness/good health

Eats 107 ‘Eating habits normal’

Popcorns1 71 ‘Popcorning (jumping around excitedly)’

Active 36 ‘Physically active’

Wheeking2 32 ‘Wheeking for food’

Food 28 ‘Enthusiastic for food

Running 27 ‘Running around’

Drinks 24 ‘They’re drinking well

Squeaking 19 ‘Excited squeaks’

Eyes 16 ‘Bright eyes’

Happy 15 ‘Happy sounds’

Unhappiness/ill health

Eating 100 ‘Not eating’

Lethargic 39 ‘They are lethargic’

Food 31 ‘Not interested in food

Hiding 27 ‘Hide away’

Weight 25 ‘If they lose weight suddenly’ ‘Losing weight’

Drinking 23 ‘Not drinking’

Quiet 21 ‘He goes quiet’

Eyes 17 ‘His eyes or nose has discharge’ ‘eyes look
dull’

Hunched 16 ‘Hunched up’

Dull 12 ‘Coat is dull’

1popcorns = “rapid locomotion in which the animal jumps into the air with all four limbs of the
ground, often accompanied by rapid running and turning in multiple directions” (Harrup &
Rooney 2020);
2wheeking = “high-pitched vocalisation usually performed in anticipation of food or other
reward” (Harrup & Rooney 2020).

Table 6. The frequency of words used by hamster (Cricetinae) owners (n = 154)
in describing signs of happiness/good health and unhappiness/illness

Word
Mentions

(n) Examples

Happiness/good health

Eats 75 ‘Eating and behaving normally”

Active 64 ‘He is active and alert’

Drinks 36 ‘He is eating and drinking’

Wheel 35 ‘He utilises his wheel’

Runs 31 ‘Running around’ ‘She runs in her wheel’

Comes 27 ‘Comes out’ ‘He comes to greet me’

Eyes 18 ‘Bright eyed’

Foraging 16 ‘Foraging for food’ ‘Foraging, stuffing cheek
pouches’

Interacting 16 ‘She chooses to interact with me’

Bright 15 ‘Bright and alert’

Unhappiness/ill health

Eating 100 ‘Stops eating’

Bar 39 ‘Excessive bar chewing’

Drinking 31 ‘Not drinking’

Lethargic 27 ‘She’s lethargic’

Biting 25 ‘she bite me’ ‘he bites the bar’

Active 23 ‘She is less active’

Chews 21 ‘Chews on plastic cage’ ‘they chew their
enclosure’

Sleeps 17 ‘Sleeping too much’

Eyes 16 ‘Eyes dull/crusty/weeping etc’

Food 12 ‘Food is not eaten”
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(Wills et al. in prep). It is also worth noting that while multiple
small mammal species were included in this study, some were
underrepresented, potentially reducing the applicability of the
results across all commonly kept small mammal species. In par-
ticular, further research with degu and chinchilla owners is needed.
It is also possible that social desirability played a role in this study.
In particular, participants may have felt compelled to respond
favourably to very direct and value-laden items such as “Providing

good animal welfare is a priority for me”. One solution would be to
use indirect questions (Ried et al. 2022), for instance, “Providing
good animal welfare is a priority for small mammal pet owners”.
This has been used previously in animal welfare research, with
findings indicating differences between directly and indirectly
worded questions (e.g. Lusk & Norwood 2010). Follow-up work
will compare self-reported responses to submitted images of hous-
ing and enrichment, allowing us to assess the extent of social
desirability bias. Finally, this survey collected information from
UK pet owners which may not translate directly to other countries,
or to other contexts, such as laboratory settings.

Animal welfare implications

This study identified Opportunity as the principal barrier to pro-
viding suitable housing for small mammal pets, with most owners
reporting challenges accessing appropriate enclosures. Capability
andMotivationwere reported as high, suggesting thatmany owners
are both willing and able to provide good welfare, but are con-
strained by external factors. The findings also show that owners use
observable cues, particularly eating behaviour, to assess animal
health and welfare. These cues may offer a practical means of early
detection of health or welfare concerns, especially in prey species,
such as rabbits and rodents, which are known to conceal signs of
pain or illness. Addressing the gap between owner motivation and
the availability of suitable housing will require targeted interven-
tions designed with industry stakeholders. Improvements in the
design, promotion and accessibility of welfare-compliant housing,
in conjunction with guidance that reflects species-specific needs,
could support better husbandry across a wide range of small
mammal pets.

Conclusion

This study used the COM-B model to examine the behavioural
factors influencing the provision of suitable housing for small
mammal pets. Lack of Opportunity was identified as the primary
barrier for UK small mammal pet owners, while Capability and
Motivation acted as facilitators. The results of the current study can
now be mapped to suitable intervention strategies to increase the
use of species-appropriate housing solutions. Indicators of ill health
and poor welfare reported by pet owners often related to nutrition,
particularly changes in eating behaviour. Further research should
explore the potential of eating behaviour as an iceberg indicator of
health and welfare issues in small mammal pets.

Figure 2. Word frequency analysis to determine signs of unhappiness/ill health, as
perceived by pet owners (n = 723), mapped to four of the five welfare domains.

Table 7. The frequency of words used by rat (Rattus norvegicus) owners (n = 77)
in describing signs of happiness/good health and unhappiness/illness

Word Mentions (n) Examples

Happiness/good health

Boggling1 26 ‘Her eyes boggle’

Eating 26 ‘He is eating normally’

Playing 21 ‘Running around playing’

Active 17 ‘They’re active and inquisitive’

Drinking 16 ‘Drinking regularly’

Interact 15 ‘Interested in interactions with me’

Bruxing2 13 ‘They brux’

Eyes 11 ‘Bright eyes’ ’Clear eyes nose etc.’

Alert 7 ‘They’re alert’

Bright 7 ‘Bright eyes’

Unhappiness/ill health

Eating 24 ‘Won’t eat

Lethargic 19 ‘Lethargic and unresponsive’

Fur 17 ‘Puffed up fur’

Drinking 12 ‘Not eating and drinking normally’

Eyes 11 ‘squinting eyes’ ‘eyes small’

Food 11 ‘No interest in food’

Squinting 11 ‘Squinting eyes’

Breathing 10 ‘Noisy breathing’ ‘Weird breathing noises’

Hiding 10 ‘Hides away’

Puffed 10 ‘They have a puffed up coat’

1boggling = “eyes ‘popping’ in and out” (Neville et al. 2022);
2bruxing = “grinding teeth without movement of the eyes” (Neville et al. 2022).

Figure 1. Word frequency analysis to determine signs of happiness/good health, as
perceived by pet owners (n = 723), mapped to four of the five welfare domains
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