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Abstract

Background

Domestic cats have evolved from solitary, asocial predators andt ity may displa
social behaviours, they can still exist as solitary survivors. -Pepulation anc
relinquishment of pet cats are ubiquitous problems worldwide, and rehaenges (als
known as rescues/ shelters) aim to ameliorate this by holdisgirtaconfinement for
variable period until a new home is found. The provision of optimal housindafge
numbers of cats in close confinement, such as in rehoming centthera®re inherentl
difficult. Under these conditions there is the potential for individbalslevelop signs @
physical and psychological ill health, and thus experience compedmvelfare. Availabl
information regarding housing practices that maximise wetfareently provides conflictin
results, and as a consequence there are no unanimous housing recorongerids aim o
this study was therefore to review the evidence on the impathgie housing compared
multi-cat housing on stress in confined cats, as measured by pigysabland/or behaviour
outcomes. The review was conducted using a Critically Appraised TGAE) format. A

systematic search of electronic databases (CAB Abstramtdpgical Records and Medling)

was carried out to identify peer-reviewed literature compagingle and multi-cat housing
confined environments.
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Results

A total of 959 papers were initially identified, six of which nsefficient criteria based gn
their relevance to be included within this review. All of the staitli@d significant limitations
in design and methodology, including a lack of information on how gro@ps assigned
inconsistent handling and enrichment provision between groups, and lackrafatibn on
the socialisation status of cats.

Conclusions

Whilst some studies suggested that single housing may besttessful for cats, othefs
suggested group housing was less stressful. Several other impoctans faere however
identified as potential mediators of stress within the differeotising systems, and
recommendations based upon these findings are presented.
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Background

Clinical scenario

Many cats are kept in captive environments such as rehominggdnatso referred to as
rescues/ shelters), often for indefinite periods of time.rying to accommodate these
individuals as optimally as possible, it is important that they @ovided with suitable
housing conditions, which aim to minimise exposure to stress in order to maximiaeewelf

Whilst recommendations for the housing of the domestic cat in laboratohes)ing centres
and other facilities have been put forward [1-3], the strength dEeege in support of these
recommendations is rarely considered critically, and can be darttnyy. This study was
conceived as part of the development of evidence-based guidelines on timg lodwsits in
such contained environments, specifically cat rehoming centresaiffhevas to assess the
evidence on whether housing cats singly as compared to groups of twaseoin these types
of environments results in changes to physiological and/or behavioeedunes of stress,
and therefore which system should be recommended as preferable in order to mtressse s

Introduction

A recent survey of cat rehoming organisations within the Ukneséd their total intake of
cats over a 12 month period to be 156,826, and 70% of these organisationswetiye or
always operating at full capacity [4]. Unfortunately, the provision of optimalihgudsr such
large quantities of cats within these environments is inherenticutif and under such
conditions there is the potential for individuals to develop signs of physical and pgycablo
ill health.

As a specied;elis catusis thought to have originated from primarily solitary dwellietids
[5-7], and whilst populations of free living. catusmay reside in groups, they may also live



independently [8-11]. The feline social system is therefore onertbidgy and flexibility.
In cat colonies, social structuring, relationships and potentialicenfhay be the result of
complex interactions between age, gender, sex ratio, relatedreegsdeviduality [12]. It is
thought that the occurrence of group living and the subsequent population derfsitiee
ranging cats are ultimately influenced by the abundance of femlinees rather than an
inherent need for protection or regular social contact/interapgose[13-17]. In contrast to
free ranging populations, group living in domestic companion cats ey take the form of
temporary or transitory housing during a stay in a rehoming cemtresnen living in a
domestic home environment. In both contexts, individuals may have linmteckcor control
over the nature of their ‘group living’, especially when their envireninprevents them from
making the choice to live independently (for example, multiplekegisin a single enclosure
at a rehoming facility, or multiple cats kept strictly indoors in the home).

It is likely that most rehoming centres will contain diverse pafohs of cats of varied ages
and temperaments. Some cats may be related or familiar eath other (which may
facilitate more amicable relationships in certain instandey),[ but the majority are

potentially unrelated and also unfamiliar. For many individuals, bfanged to reside in

close proximity to other cats under these types of conditions @sait in stress, conflict and
potentially compromised health and welfare [19,20]. Organisationsgcéor such animals

often operate under conditions of limited resources of space, gtafiime and finances.

Currently, there is conflict in which housing practices are recentded to maximise use of
resources but simultaneously preserve a basic standard of welfare fasthe ca

The aim of this study was therefore to review the evidendlemmpact of single housing
compared to multi-cat housing on stress in cats, as measureddiylipiigal or behavioural
effects.

Focussed clinical question

In [cats kept in confined environments] does [single housing compared tiecatutousing]
result in [changes in physiological and/or behavioural measures of stress]?

Methods

Search strategy

The search strategy included the use of three separatoriedatabases; CAB Abstracts
(1910 — present, via the Ovid interface), Zoological Records (1998 — 200K)eattide (In-
process & other non-indexed citations, 1946- present, via the Ovid injeffheesearch was
conducted in October 2012.

After accounting for specific syntax associated with eathbdse, each search had similar
components (search terms are listed in Additional file 1) andvele searched as both
keywords and subject heading terms, joined using Boolean operatorstefdinces obtained
were imported into Endnote, combined into a master database, and alhthgp({identified
based on title, date published and authors) were removed.



Inclusion criteria

Studies were not excluded on any grounds of quality, only on relevatiee study aim. For
inclusion, papers had to include:

» Domestic cats kept in an enclosed area from which they were unable to ettih¢ptine
domestic home), for example, rehoming centres, boarding catteries and laé&®rator

» Comparison of both single and multi-cat (i.e. two or more cats) housing conditibins wit
a single study, with outcome measures that were either behavioural, physiotodioth,
and were classed as indicators of stress. Our working definition of stress was
“an inferred internal state which denotes a real or perceived perturbatiotgaamism’s
physiological homeostasis or psychological well-being”, as used by &aatl[21], and
similar to that used by McEwen [22], as we felt it was appropriate to this tontex
However many other definitions exist [23-25], and in the present study paperaater
included or excluded on the basis of this definition.

» Original observed or experimental data
Studies were also required to be peer-reviewed, with the full text availablelishEng

Screening process

Two stages of eligibility screening were carried out. That fstage was completed
independently by two of the authors (LF and JS), and any referdratedearly did not fit
the eligibility criteria were excluded. After this, in stage, the remaining references were
screened again by all three authors. For this stage, fullwastretrieved for any papers
where the information contained within the abstract was deemed idenuiffto make a
decision upon eligibility. Where there was initial disagreemetr @hgibility, the papers
were read and discussed until consensus was reached among the reviewers [26].

Critical appraisal

All remaining papers were independently appraised by all thrgbors, using critical

appraisal tools developed by the Department for Emergency Meditikanchester Royal
Infirmary (www.bestbets.org/) and used extensively in the liter§Q€9]. These appraisals
were then collated by the lead author (LF) into a summary tabldree authors re-checked
this summary of evidence for consistency of interpretation.

Results

959 papers were initially identified. Following screening as gufa 1, six papers fulfilled
all of the inclusion criteria. The results of the appraisal can be seen in Table 1.

Figure 1 Results of searches and screening processes used to identify releypers.




Table 1 Summary of appraisal of the six papers meeting the inclusion criteria of aessing single versus multi-cat environments on
physiological and behavioural measures of stress in confined domesticEat

Author, date and title  Uetake and others 30] Lichtsteiner and Turner [31] Gourkow N, Fraser D [34]  Ottway, D. S. & Hawkins, D. M. [33] Kessler M. R. &Turner D C. [35] Kessler M. R, &Turner D C. [32]
Effects of single caging and cage sizefluence of indoor-cat group size The effect of housing and  Cat housing in rescue shelters: A Socialization and stress in catslis Stress and adaptation of cdtlié
on behavior and stress level of and dominance rank on urinary  handling practices on the  welfare comparison between silvestris catushoused singly and silvestris catushoused singly, in
domestic neutered cats housed in anortisol levels [31] welfare, behaviour and communal and discrete-unit housingin groups in animal shelters [35] pairs and in groups in boarding
animal shelter [30] selection of domestic catte(is [33] catteries [32]

silvestris catusby adopters in
an animal shelter [34]

Study design Randomised controlled trial Controlled tfial Randomised controlled trial  Cohort Randomised controlled tria Cohort
Stated aim of paper  « To provide information on the « The relevant aim was to determineTo examine how different  To test the hypothesis that, in long- To provide recommendation for « To investigate levels of stress in
minimum spatial requirement for ~ “whether the urinary cortisol levelshousing and handling term shelter care, cats housed the most suitable housing type forcats housed singly, in pairs and in
singly caged cats in animal sheltersof the cats are related to conditions affected the welfaicommunally with unfamiliar cats with known socialization statgsoups
environmental behaviour, adoption rate and conspecifics experience higher levels * To compare stress levels in newly
parameters...additionally the selection of individual cats byof stress than do cats housed in disc arrived cats to a longer-term control
cortisol levels of cats from private adopters units, due to inappropriate and unste group
households were compared with social grouping
shelter cats to check for an influence
of location”
Subjects « 6 cats between 2-15 years old  * Twenty-one shelter cats « 165 cats entering an animals 74 cats residing in 2 animal shelters,169 cats between 1-8 years olde 140 cats between 1-15 years old,
residing in an animal shelter « All cats had lived in the shelter foshelter randomly selected from the shelter residing within an animal shelter residing in a boarding cattery in 2
at least 3 weeks and were considee Inclusion criteria: mixed population categories, plus a “control” group of
“adoptable” breed, 1-7 years of age, * Excluded: cats having been in the 45 un-owned cats
neutered, healthy. shelter < 1 month. « Excluded: ill cats, “highly
 Excluded: feral cats. stressed” cats (in “control” group
only)
Environment prior to  « All cats had previously been kept im All cats had been in the shelter ferCats were from both stray « Cat were from both stray and « All cats were relinquished / « 140 cats were owned, from single
study a socially stable group environmentat least 3 weeks and domestic home domestic home environments (numkunwanted (no history of previous or multi-cat homes
for at least 7 months « Single housed cats were transfeienvironments (numbers of ezof each not specified) and had been long-term living experiences). ¢ Origin of 45 “control” shelter cats
« No history of background prior to to single housing at least one weekot specified) the study environment for a least 1 « Cats in the single cage conditiomot specified.
this 7 month period before sampling * The study commenced on cmonth had previously been housed singly85-87% of the owned cats had
one of exposure to the study for 10-20 days in the study been exposed to the study
environment for all individuals environment environment on a previous separate

Cats in the group condition had occasion

previously been housed in a group Control cats had spent between 2
with changing compositions for 1&nd 16 weeks in the study

20 days in the study environmentenvironment



Intervention/group
definition

« All individuals were exposed either Two groups, comprising six and ¢ Assigned to one of four « In one shelter, individuals were  « Cats housed in individual units or Boarding cats housed singly (60),

to small, medium or large single cagesven cats housed communally housing conditions: already housed communally in one df a group enclosure (specific grouppairs (40) or groups (40) (each

in varying orders, all without human« Four of these group-housed cats- basic single (minimal humarthree groups (either 33, 47 or 65  sizes unspecified but at least >5) group size unspecified but at least
social contact. This was compared were removed from each group aridteraction) individuals per group ) >2) according to owner preference.
with their baseline stress levels whehoused singly for one week prior te enriched single (with « In the other, 12 cats were housed in « “Control” cats (45) were living in
previously group housed (it is being sampled. consistent human handling ameirs and nine cats were divided into six groups (size unspecified), which
assumed the group size at this point human interaction) threes. These cats were previously had been stable and un-altered for at
was six) - basic communal (eight cats socialised together or siblings. least 2 weeks prior to the study.

per group), with consistent  Additionally, 15 cats were housed
human handling and human singly.

interaction

- enriched communal (eight

cats per group), with consiste

human handling and human

interaction and extra hiding

places and toys

Outcome measures  « Urinary cortisol: creatinine ratios « Urine cortisol: creatinine ratio on«eCat Stress Scores (CSS) « CSS scores and time budgets *CSS * CSS taken 4 x daily.
(refer to Table 2 for « Behavioural time budgets (includingingle voided sample « Outcome of stay i.e. adopte¢including eat, drink, groom, play, restHuman-Approach-Test, Cat-
further information on resting, drinking, eliminating, vacuum not adopted, euthanized or stereotypic behaviour and agonistic Approach-Test and socialisation
measures) behaviour, and others, locomotion, isolated for physical health encounters). questionnaire used to determine
social/solitary play, exploring and reasons whether cats were socialised
self-grooming) « Time to adoption towards conspecifics or humans
Data collection period e Cats were exposed to each conditioA single urine sample was takene The study period lasted 21 « Data on individuals was collected « Data collected over a 7 day periedata collected over 14 days
and frequency of for six days, ie the study period wasfar each cat on a convenience basikys each day over 15 consecutive week « Cat-Stress-Score was assessede CSS were initially recorded after
relevant measures total of 18 days. during the study period (14 days). « Cats were observed for 2 days, however, it is unclear if all catsevery 10 minutes during the first the first two hours of entry into the
taken to assess stress. « Behavioural observations made over minutes each day, and assigwere sampled for full duration due tohour post placement into the test test environment and were then
3 hours during the last 2 days in each a Cat Stress Score for the firgtat turnover during the study period condition, then twice (within a 15-taken 4 times daily, each day, twice
of the different housing conditions 10 days of the study period, * Cats instantaneously scan samplednin interval) after 6 hours. For then the morning and twice in the
« Urine samples were collected in the however, not all cats were  and assigned a CSS each day, everyad@wing days, 2 observations weevening
morning and even of each day and assessed for the full 10 days minutes from 08:30 am to 15:30 . Allmade in the morning and 2 in the
then averaged, repeated each day of other behavioural data was collectedevening
the study period via onezero sampling in between ees HAT and CAT randomly assessed
scan interval. twice a day for 4 days across the

test population, once in the morni
and once in the evening



Key results « Time spent in locomotion and « Urinary cortisol:creatinine ratios « CSS were highest in the ba+ No differences in CSS scores weree Cats that were considered non- « The highest reduction in CSS
solitary play were lower in individualwvere highly variable single housing treatment found between cats housed socialised with people had higherscores occurred between the first
cages than in group housing « No statistically significant * These cats also had the  individually and those housed with CSS levels than those consideredand fourth and first and fifth days
conditions differences between groups lowest adoption rate. either one or two other familiar cats socialised, irrespective of housingwithin the boarding cattery
« Urinary cortisol: creatinine ratios « No significant differences e« Overall CSS scores were higher intype « “Control” group cats had
were higher in singly housed cats (not noted between other housingcats housed communally than cats < Where cats were considered  significantly lower stress levels than
statistically significant) conditions housed in discrete units alone or witlsocialised to other cats, CSS did hording cats

previously familiar conspecifics differ between single and group
Highest scores were only seen in  housing Housing type did not appear to
communal housing* » Those considered non-socialisethfluence CSS in boarding cats
« Play and resting/sleeping in close to conspecifics had higher CSS tt
contact with conspecifics were those which were socialised to
observed in more instances in cats conspecifics, when housed in
housed in pairs or threes than in groups
communal housing * « Cats considered non-socialised to
 Agonistic encounters were observedonspecifics had lower CSS during
in more instances in communal the first hour of the study and on-
housing than in discrete--unit housingist two days when housed singly
compared with group housing
« Group housed cats had higher ¢
when a cat considered non-
socialised to conspecifics entered
the group, compared to when a cat
considered socialised with
conspecifics entered

Conclusion » The experience of cats being « Group versus single housing did « Cats in barren single housingWhether cats are housed individuakyCats which have not been « Cats appeared to find an
exposed to a rotation of individual not result in a significant differencénad higher stress levels than or with one to two other familiar previously socialised to humans established colony environment to
cages of varying sizes for 18 days (én cortisol: creatinine ratios cats in the other 3 housing conspecifics does not appear to may find the shelter environment be less stressful than any of the
days in 3 different cages) consecutive types and lowest adoption ratiéferentially affect stress levels more stressful than those boarding environments, whether
days appears to be more * Housing cats in large groups appeascustomed to humans single or group housed with novel
physiologically stressing than when to be more stressful than housing catsCats which are not successfully or familiar conspecifics
they are housed in a familiar group in discrete units (1-3 individuals in asocialised to conspecifics may find Suggests that the novelty of the
environment, with no intervention single unit)* group housing more stressful tharenvironment may be associated v

those socialised to conspecifics a stress response



Main limitations « No sample size calculation, but  « No sample size calculation, but « No sample size calculationss No blinding of observer * No sample size calculations * No sample size calculation

sample size very small. sample size very small. « No blinding of observer » Non-random assignment of cats to * No blinding of observer. « No blinding of observer
« No blinding of observer « No blinding of observer « Insufficient detail to groups « Randomisation method not « Comparisons made between two
« Randomisation methods unclear. * No detail of how cats were determine if groups were « “Discretely-housed” cats could be described very different types of cats
« Inappropriate comparisons used —assigned to groups comparable at baseline housed singly, or in twos or threes we Sample size relatively small « The single and pair housing
stable enriched social group versus« Single cortisol: creatinine measureRandomisation method not other cats they were previously considering 8 sub-groups analyseehclosures were less enriched than
relatively barren single housing withof uncertain significance specified socialised to. This limits the extent te The validity of Cat-Approach andhe group housing enclosures, wh
minimal human contact. « Singly housed cats may have hae Groups not treated equally -which such comparisons meet the Human-Approach-Tests is could have confounded the results
« Stress measures may have relatecatoincrease in cortisol due to haviradl but basic single received criteria of this CAT questionable based on the method&xcluding individuals that were
barren environment/ frequent changkead a change in environment a weskra human interaction * Total residence time of each used, (Non-conformity between thhighly stressed’ a potential
to housing conditions, especially in previously causing potential confound individual within the shelter prior to two different measures used to  confounder
cats accustomed to a stable group « Main aims of this study were note Validity of the CSSasa  study not accounted for but could hasssess whether cats were socialigedalidity of the CSS as a measure
housing situation related to the topic of the CAT measure of ‘Stress’ in cats (seeted as a confounder if not with conspecifics and with humanef ‘Stress’ in cats (see Table 2)
« Behavioural time budgets potentially Table 2) appropriately controlled for. led to 30% of individuals being « No physiological measures
a crude form of measurement to as: * No physiological measures ¢ Cats were in two different shelters excluded from the data analysis). considered.
stress considered the external environment varied « No physiological measures

between each group considered

« Cat density per unit varied
considerably in the discrete unit
housing depending on whether there
were 1,2 or 3 individuals housed
together, whereas density was more
consistent between communally
housed groups.

« Cats had already had one month to
acclimatise to shelter environment
prior to sampling — external validity
 Behavioural time budgets potentially
a crude form of measurement to assess
stress

* No physiological measures
considered

The primary aims of this study were unrelated to the CAdstjon. However, a small sub-component of the stualyrelevant, and the critical review refers only to phoigion.

* This portion of the study relates to comparisons thdnot meet the inclusion criteria of the CAT duehe way that data was concatenated prior to statistimaparison. Such results are however included becausarthepnsidered otherwise

highly relevant to the topic of the CAT



Summary of the evidence

The findings of the appraisals are summarised in Table 1. Wesea lack of agreement
overall as to whether single or multi-cat housing was agedcisith higher levels of stress.
The majority of the studies (four out of six) showed no differencgrgss levels between
single and multi-cat housing [30-33]. However, one of these studies onlyacedhsingle
cats with those housed with one or two other familiar conspeeifidsnot with larger multi
cat groups [33]. One study suggested that stress levels vgbrer Im cats housed singly in
barren environments as compared to singly and group-housed cats pmitidedrying
levels of enrichment [34].The final study included showed no differemc&tress levels
between single and group housing in socialised cats, but found thatpreaisusly
unsocialised to conspecifics showed fewer signs of stress when single housed [35].

There were significant limitations to all of the identifiaddies. These included differential
treatment of the groups within the study. For example cats isitigde housing conditions
either had inconsistent handing [34], were exposed to their housing conditiannfiuch
shorter period of time [30,34], were deliberately given barren, naokexr housing [34], or
experienced a non-stable environment over the course of the study [#Bjodvhen
compared with group-housed cats. Sample size calculation wasnpedfin only one study
[33], and some of the studies involved very small numbers of cats, wiicmea case
amounted to six cats each exposed to three different intervention$n[8@he of the studies
was the assessor of the outcome blinded to the intervention.

Additionally, the diverse populations under study and variations in methodotwgplicate
comparison. Group sizes in the multi-cat environment were variabia, Z to eight [33,34].
The effect of population density was not assessed, as this infonnvedis not available for
all studies; however this may clearly be a potential confoundictgrfaThe previous social
experience of the cats varied, with some cats living in estedal social groups [30], some
having been assessed as non-socialised to other cats by sh#it@5$tand others with no
known or stated history of socialisation. A cats prior social epee was identified by one
study as a factor in its stress levels in group housing, and e sady showed that the
introduction of an “unsocialised” cat to a stable group caused arasgcne the stress levels
of all of the cats under observation [35].

There were also substantial differences in duration of the ddi&ctton periods across all
studies, ranging from a single instance [31] to fifteen days {@84ich could have affected
the extent to which the cats had the opportunity to habituate to #spedtive study
environments, or resulted in some cats exhibiting acute and others chronic sigessof st

Thus these studies may not be truly comparing single and muéirgaonments, so much as
suggesting the presence of several other factors that maybyamportant in determining
stress levels. These include: how consistent handling and husbandryseming4], as well
as the amount of environmental manipulation, such as changes in hagsitign and type,
that the individual is exposed to [30]. In one study, stress levéheir stable, long-term and
group housed control population were lower than in any other experinoemidkion (i.e.
individual, pair and group) [32], suggesting that group stability (andupraisly familiarity)
were also important mitigators of stress levels.



Discussion

The majority of the studies did not find significant differenbesween single and group
housed cats in regards to their stress levels. Whilst thissoggest that group size does not
in fact impact upon the stress of confined cats in rehoming andasiemlironments, it is
arguable whether this can be assumed unequivocally. This is due lackhef overall
agreement between studies, as indicated by the conflicting evidence fowdahfour such
studies [34,35], as well as the various confounding elements of stesigns found
throughout the reviewed papers. These included factors such a®rmdiéfe provision of
enrichment or human contact between groups, differences in thesoatalisation and
housing experience prior to the studies, and potential differencgigas of groups in the
group housing conditions. These results also suggest that a stabtment (both social
and physical) may be an important factor in managing stressthahdome cats (such as
those previously successfully socialised to conspecifics) may befier in a multi-cat
environment than those with little, or aversive previous experienceon$pecifics.
Therefore, when providing housing for cats, it is important to conéerlikely prior social
experience. When housing cats communally, keeping cats in large gir@spmay also be
more stressful than keeping them in smaller groups [33] although igherely a small
amount of relevant data to support this, and it is possible that poputknsity may also be
a confounding factor.

Measuring stress in non-human animals is inherently difficult, aisdunlikely that any one
measure can accurately capture how stressed an animal is [38@Vvéver, the more
separate (suitable) measures considered within a single shedgrd¢ater the potential for
robustness. As there is no consistent definition used within the &ciditdrature for this
term nor specific aetiology or prognosis for stress [23], itmportant that where studies
attempt to measure stress, a clear definition of this concgpteis. This will facilitate in the
ease of assessing the suitability of study methodology, hsasveletermining whether the
main aims and objectives of a study have been achieved. thiéaftudies aimed to measure
stress, but only one of them attempted to provide a clear definitian[@8]. Of the six
papers that were critically appraised, only one study used bothitetz and physiological
measures to assess stress [30] and only one used more than aneebetvioural outcome
measures [33]. Only one study assessed whether the studyeratpreviously socialised
with conspecifics [35], which again makes direct comparison betwgeup housing
conditions across the different studies difficult, because this eggpéa influence the stress
levels experienced by cats when housed in groups.

Comparison between the studies is further complicated by thewafiehethods used to
assess stress, all of which have their limitations (furtheaildedf these methods used are
provided in Table 2). The duration of time over which individuals wepdsed to specific
housing conditions also varied considerably (both within and between studespffects
the comparison of stress levels between cats under different haummdgions due to
potential confounds of comparing cats which are acutely stresgedr¢en being taken from
stable enriched group housing to barren single housing) to cats wt@ckhheonically
stressed, or to those that have actually begun to habituate toetheronment. The
physiological and behavioural signs of acute as compared to chtiess may vary [38,39]
making it difficult to isolate the specific effects of the eomment, from the effects of period
of exposure, upon the stress levels experienced by cats. Holwgweplication, the acutely
raised stress levels in some of the single housed cats maybkan as attributable to the
acute change in environment rather than to the actual housing condition itself.



Table 2 Further detail of behavioural outcome measures used in the studiesviewed

Measure Description Evidence of validity of measure

Cat Stress A 7 rank linear scoring system based on key aspédisdy Evidence of correlative relationships

Score (CSS): posture and behaviour, rating cats from fully rethxl) to with cortisol: creatinine ratios, but not
terrorised (7). Developed by Kessler and Turne}, [82 CSS is aconsistent between studies [41,42],
modification of the Cat Assessment Score (CAS) [40] although this could be due to variation

in study methodologies

Good interebserver reliability reporte
however observer training required and
there is no published training guide
Important behaviours such as grooming
are not included in the scoring system,
neither are social behaviours towards
conspecifics or the human observer (if
they are present during scoring)

Cat Approach
Test (CAT):

A 6 rank linear scoring system (from extremelyridéy (1) to No evidence of previous attempts to
extremely unfriendly (6)) based on the responseats to visual validate

contact with a 4 year old male cat described amksed with No mention of inter-observer reliability
conspecifics. Cats were defined as socialized tdsveonspecifics

when the mean of eight test ratings resulted icoaesbelow 3.0,

and non-socialized when they scored higher thanDe0eloped

by Kessler and Turner [35]

Human
Approach test
(HAT):

A 6 rank linear scoring system (from extremelyridéy (1) to As above
extremely unfriendly (6)) based on the responseats to a

staggered human approach to their cage. Cats wéireed as

socialized towards people when the mean of eightrégings

resulted in a score below 3.0, and non-socializednithey scored

higher than 4.0. Developed by Kessler and Turng}; [8

modification of the Stranger-Approach-Test [40]

Socialisation
questionnaire

A linear scoring system based on information fromitiple- As above
choice questions (answered by the person relinougighe cat)

referring to the behavioural reactions of the nat0® specific

situations when interacting with a foreign and mifear person,

and five situations when interacting with a foregrd a familiar

cat. Developed by Kessler and Turner [35]

Cortisol:
creatinine ratio

Comparison of quantity of urinary cortisol with @amtration of Assays based on in-house adaptation of
urine (as determined by quantity of creatinine @nés Cortisol is previously validated measures [44,45];
an indication of physiological arousal, often ussdn indirect some details not supplied in manuscript
measure of stress, although levels can vary witindi rhythm  Evidence of correlative relationships
and other metabolic processes [41,43] between cortisol:creatinine ratios and
CSS, but not consistent between studies
[41,42], although this could be due to
variation in study methodologies
Evidence of correlative relationships
between cortisol concentrations and the
exposure to environmental stressors
[43]
Evidence that cortisol levels do not
necessarily correlate with other
physiological indicators of stress or
compromised immunity [46]

Whether individuals have previous experience of the housing environmentls@aybe
another important mitigator of stress. Previous research inditeesats that have been
housed in rehoming centre environments previously may cope better beserconditions

than those

that have not [47]. It is unknown if any of the study populatdhs the

appraised papers had been housed under such conditions before, but thevenbgem an
important factor to consider.



Conclusion

On the basis of the evidence available, the below recommendétiopsactice have been
provided. It is however important to consider the complex nature ofsstend the
methodological limitations of the above studies, in relation to thulityato help us isolate
and assess the effects of multiple and single housing alone aistezds (Table 1). There
are also numerous other factors which have not been considered hecelapigridisease
control, which is also of great importance in rehoming centres [48Fb@le results should
draw attention to the importance of other potential mitigatingofacivhich may influence
how stressful single or multiple housing can be for individuals, agdest ways these may
be utilised practically to improve the welfare of confined cats in these ty@gsironments.

Recommendations for practice

» Especially where the previous social history of cats towards conspecificknewn,
individuals should be housed singly, but with the appropriate environmental enrichment in
place (e.g. places to hide and perch, toys, consistent positive human handling where
appropriate).

» Cats should be exposed to as few environmental changes/manipulations as possible during
their stay and husbandry routines should be as consistent as possible.

» If cats are to be housed in groups, they should ideally be housed together with other cats
considered socialised to conspecifics..

 |If cats are to be housed in groups, or with those that are initially unfamifiarewer
possible, groups should have a stable composition (i.e. group members are not constantly
changed).
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