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Abstract

This study assessed how sound affected fear- and maintenance-related behaviour in singly housed cats (Felis silvestris catus) in an
animal shelter.Two daily 30-min observation sessions (morning and evening) were made for 98 cats from admittance for ten days or
until the cat was removed. Cat behaviour and presence of sound (classified by the source) were recorded by instantaneous and one-
zero sampling with |5-s intervals. Each 30-min observation session was classified as ‘quiet’ or ‘noisy’ if the one-zero score for presence
of sound was above or below the median of sessions at that time of day.To ensure that cats had at least two complete days of compa-
rable observations, statistical analysis was restricted to the 70 cats (30 females, 40 males) present for two or more weekdays. Cats
varied widely in the amount of fear and maintenance behaviour they performed. Males showed less fear and maintenance behaviour
than females. Morning sessions consistently had much more sound than evenings, and cats showed more fear behaviour and less
maintenance behaviour in the mornings. Cats showed more fear behaviour in noisy morning sessions than quiet ones, with no compa-
rable difference in maintenance behaviour.Where sessions included a pronounced transition in sound, fear-related behaviour was more
common dfter a transition from quiet to noisy and less common dafter a transition from noisy to quiet. The results show that shelter
cats vary greatly in their responses and suggest that sound in shelter environments can substantially affect their behaviour. Lowering

sound levels in shelters may help improve cat welfare.
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Introduction

Admittance into an animal shelter can be a stressful experi-
ence for cats (Felis silvestris catus) since they are sensitive
to environmental changes (Wagner et a/ 2018a). Chronic
stress in shelters can lead to severe health consequences,
such as upper respiratory infection (Dinnage et al 2009),
plus behavioural changes, such as fearfulness toward
humans that may reduce adoptability and increase the risk
of euthanasia (Gourkow & Fraser 2006; Dybdall et al 2007;
Fantuzzi et al 2010). Hence, recognising and minimising
negative experiences by cats in shelters is an ongoing
challenge for shelter management.

A cat’s posture and behaviour appear to offer indicators as
to how it is coping with stressors (Kessler & Turner 1999;
McCune 1994; Rochlitz et al 1998). As noted by Stanton
et al (2015), behaviours classified in categories such as
affiliative, maintenance, agonistic, avoidant, vigilant or fear
can offer an insight into a cat’s affective state.

One behaviour linked to fear by Stanton et al (2015) is
hiding which is often seen in presumably fear-inducing situ-
ations, such as veterinary hospitals, laboratory settings, and

shelters (Carlstead er al 1993; Gourkow & Fraser 2006).
Hiding appears to decrease cat stress in shelters (Kry &
Casey 2007), has been demonstrated to correlate with
higher cortisol-to-creatinine ratios (Rochlitz et al 1998),
and been used as a measure of stress in shelters (Stella et a/
2014). When not provided the opportunity to hide, cats have
been observed to create a hiding place by turning litter-
boxes upside down (Gourkow & Fraser 2006; Vinke et al
2014) or hiding under towels (Hirsch 2011).

Other fear-related behaviours detailed by Stanton ef a/ (2015)
are also observed in situations likely to cause fear and stress.
Holding the ears back and/or flat has been observed during a
mock veterinary exam (Moody et al 2018); cats sometimes
freeze when exposed to an unfamiliar dog (Tsyrlin ef al 1983);
and Carlstead et al (1993) found that when cats were
presented with an irregular caretaking routine and manipula-
tions, they spent more time alert or hiding and less time
playing. Upon stimulation of the amygdala, a range of
behavioural responses of cats have been observed including
hissing, fixed staring, flattened ears and flight (de Molina &
Hunsperger 1959). Further, Ursin and Kaada (1960) observed
an alert response from cats followed by cowering and ulti-
mately flight and hiding upon amygdala stimulation.
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Behaviours that do not address a near-term need or threat
(eg behaviours like playing and grooming) have been
proposed as indicators of positive affect (Fraser & Duncan
1998). Consistent with this view, Carlstead et al (1993) and
Gourkow et al (2014a) found that behaviours likely indica-
tive of a positive affective state, such as play, grooming and
feeding, are often negatively correlated with fear
behaviours. Behaviours classified as ‘maintenance’ or “affil-
iative” were also used as evidence of a positive affective
state by Stella et a/ (2014). While most cat welfare research
focuses on behaviours that indicate negative affective states,
a more comprehensive approach would include indicators
thought to reflect positive affect (Fraser & Duncan 1998;
Boissy et al 2007; Mellor & Beausoleil 2015).

Shelter environments often involve high levels of noise in a
wide range of frequencies (Morgan & Tromborg 2007).
Noise can lead to adverse changes in behaviour and physi-
ology, and even hearing damage (Spreng 2000; Coppola
et al 2006; Scheifele et al 2012; Fullagar et al 2015). Cats
are significantly more sensitive to sounds than humans, and
have one of the broadest known hearing ranges among
mammals, extending from 48 Hz to 85 kHz (at 60 dB sound
pressure level) (Heffner & Heffner 2007). While the range of
audible frequencies at various dB levels has not been exten-
sively tested in cats, cats do have a very broad range of ‘good
hearing’, as indicated by their ability to detect a wide range
of frequencies even at a low 10 dB sound pressure level
(Heffner & Heffner 2007). Based on human hearing, a noise
over 70 dB is considered ‘loud’ (Baker 1998). Damage can
be caused to hearing with prolonged exposure to 70 dB
sounds or immediately with exposure to sounds above
120 dB (Centres for Disease Control and Prevention [CDC]
2019). While the impact of precise dB level on shelter
animal welfare is not known, there is some evidence of
negative effects. For example, sound over 73 dB results in a
stress response in rats (Rattus norvegicus) (Baldwin et al
2007); dogs (Canis familiaris) in kennels exposed to sounds
of 100-108 dB over six months demonstrated a decline in
hearing ability (Scheifele et a/ 2012); and sound in the 50—
70 dB range is considered detrimental to the hearing of
rodents and rabbits (Oryctolagus cuniculus) (Canadian
Council on Animal Care [CCAC] 1993).

Sound in shelters, kennels, and veterinary intensive care
units regularly exceeds 100 dB (Sales et al 1997; Coppola
et al 2006; Scheifele et al 2012; Stella & Croney 2016),
often corresponding to caretaker activity, such as cleaning
(Morgan & Tromborg 2007), plus dog barking (Sales et al
1997) and factors such as ventilation, gating of kennels, and
reverberation of materials used in a shelter environment
(Wagner et al 2018b). Such levels of sound contrast with
sound levels in natural environments, such as in savannah
habitats where noise levels range from 20 to 36 dB (Morgan
& Tromborg 2007), and may be problematic for cat welfare.

There is little policy and limited research on controlling
sound levels in shelters for the benefit of the animals. Attard
et al (2013; p 11) state that “maintaining an appropriate
acoustic environment is essential for good animal health

and welfare”, and Stella and Croney (2016; p 3) note that “it
is likely that reducing noise levels and maintaining sound
intensity around 60 dB (quiet conversational level) may be
beneficial to cats.” Other studies also suggest that noise is a
likely contributor to stress and warrants further investiga-
tion (McCobb et al 2005; Stella et al 2014).

This study aimed to understand how shelter cats
differing in age, source, sex, health status, and time in
the shelter express fear- and maintenance-related
behaviour during louder and quieter times, and what
sources of sound are commonly present.

Materials and methods

Study animals and housing

This study received ethical approval from the University of
British Columbia’s Animal Care Committee (A17-0336) and
was conducted in the British Columbia Society for the
Prevention of Cruelty to Animals (BC SPCA) Vancouver
shelter between March and July 2018 in a high-traffic room
housing cats. The 12 stainless steel cat enclosures in the room
were arranged into three tiers. Eight of these enclosures were
triple-compartment enclosures measuring 1.5 x 0.7 x 0.6 m
(length x width x height); one of these was used for each cat
in the study. Each enclosure consisted of a BC SPCA Hide,
Perch & Go™ box (British Columbia Society for the
Prevention of Cruelty to Animals, Vancouver, BC, Canada), a
litter-box, food, water and a bed. Enclosure configuration
remained mostly consistent between cats except that
provision of toys varied between individuals, and staff occa-
sionally draped a pillowcase over the front of one section of
the enclosure to allow a degree of concealment.

The shelter schedule followed a consistent daily routine. At
0700h shelter staff conducted welfare checks of all animals
in care, began shelter and enclosure cleaning, and provided
food, water and medications where applicable. The shelter
was open to the public for adoptions daily (excluding
statutory holidays) during 1200-1700h on Monday to
Friday and 1200—1600h on Saturday and Sunday. After the
shelter was closed to the public at the end of day, volunteers
would frequently interact with cats before the shelter closed
at 1900h on weekdays or 1800h on weekends.

The study involved 98 singly housed cats (40 females,
58 males) that had been previously spayed or neutered. Based
on age estimated by staff, the cats were classified as 24 young
adults (1-3 years), 66 adults (47 years), and eight seniors
(8+ years). As per standard BC SPCA protocol, each cat
received a complete physical examination conducted by
trained shelter staff, at which time all source and health infor-
mation were collected. Cats entering the shelter were classi-
fied by their origin as stray (n = 44), owner-surrendered
(n=42), returned (n = 10), or brought by a Humane Officer
(n = 2). Health status of each cat was classified by assigning
an Asilomar Accords and Adoptability Guidelines category
(Armstrong et al 2004; Gordon 2016) (an in-shelter evaluation
matrix based on health and behaviour of animals on intake for
data collection and reporting purposes). Study cats were clas-
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The ethogram used for this study, adapted from the Standardised Ethogram for Felidae (Stanton et al 2015).

Behaviour category Behaviour Definition

Fear Hide (or

Part or all of the cat is behind or under something in the cage. Locations classified as ‘hide’

attempt to hide) include in the hide-box, behind the hide-box, under the bed and behind the litter-box

Crouch Cat is alert with the body close to the floor, all four legs bent, and the belly touching or raised
slightly above the floor
Ears back Ears are held at the rear of the head
Ears flat Ears are flattened to its head so they tend to lie flush with the top of the head
Alert Cat is vigilant and attentive to surroundings, with eyes open, ears forward, mouth closed or
slightly open, and head up. Cat’s eyes may be focused in a specific direction, or scanning the area
accompanied by head and possibly ear movement
Freeze Cat suddenly becomes immobile with body tensed
Maintenance, Groom Cat cleans itself by licking, scratching, biting or chewing its fur. May also include licking a front
affiliative and/or calm paw and wiping it over the head
Play Cat interacts with something in a playful manner
Stretch Cat extends its forelegs while curving its back inwards
Urinate Cat releases urine while in a squatting position
Defaecate Cat releases faeces while in a squatting position
Eat Cat ingests, chews and swallows food
Drink Cat ingests water by lapping with the tongue
Scratch Cat scratches its body using hind-feet claws
Yawn Cat opens its mouth widely while inhaling, then closes mouth while exhaling deeply

sified as healthy (n = 36), treatable-rehabilitatable (n = 54), or
treatable-manageable (n = 8) (Gordon 2016). After admission
to the shelter, cats were assigned unsystematically by staff to
any available enclosure in the cat adoption room.

Behavioural observations and records of sounds

Cats’ behaviour was observed daily from admittance for ten
days or until the cat was removed because it was adopted,
transferred, redeemed or euthanased (the four possible
‘outcomes’). The first study day was defined as the first
complete day after admittance. At the time when cats were
removed from the study, the outcome was noted, and the
number of days in the shelter was recorded.

Behavioural observations consisted of a twice daily 30-min
observation session: AM (1000-1030h on weekdays or
0730-0800h on weekends) and PM (2000-2030h on
weekdays or 1900-1930h on weekends). Timing of obser-
vations was scheduled around the shelter routine to allow a
session unaffected by other in-room activity, such as
cleaning, feeding and interaction with cats. Hence, the
weekday AM session was timed to coincide with the daily
staff meeting immediately after morning cleaning, but as
there were no uninterrupted sessions on weekends, weekend
AM sessions were conducted earlier in the day.

Behaviour was recorded by both one-zero and instantaneous
methods (Martin & Bateson 2007) with 15-s intervals. In each
30-min recording, the observer observed the cat in the upper
left cage for 15 s, then the cat in the upper right, and then the
others to a maximum of six cats, always in the same order,

giving 300 s of recording for each cat in each 30-min session.
If there were fewer than six cats available, the observer simply
paused for the corresponding 15 s so that the timing remained
consistent. Cats were recorded daily until they were removed
from the study room due to standard shelter operations;
therefore, the number of observation sessions per cat varied
(median [M] = 5, interquartile range [IQR] = 7). The same
observer recorded all cats for all sessions.

In each observation session, cat body positions and
location in the enclosure were recorded by instanta-
neous sampling at the beginning of the 15-s interval,
and any behavioural events occurring in the 15-s
interval were recorded by one-zero sampling (a method
of sampling that records whether a behaviour occurred
within a defined interval; Martin & Bateson 2007). The
ethogram used for this study (Table 1) was based on the
Standardised Ethogram for Felidae of Stanton et al
(2015). ‘Fear behaviours’ included hide, crouch, ears
back or flat, alert, and startle. Eat, drink, defaecate,
urinate, groom, stretch, and scratch were classified as
‘maintenance behaviours’, and for convenience this
category also included play, yawn and knead. Thus,
‘maintenance behaviour’ included behaviours from the
maintenance, calm, and affiliative categories of
Stanton et al (2015).

Behaviour was recorded in person by the investigator
standing 2.5 m from the enclosures with a 1.5-m high, two-
sided, foam-core barrier between the observer and the cats.
Before beginning the behavioural observations, the investi-
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gator stood silently for 5 min to allow cats to adjust to
human presence, apart from a few occasions (fewer than 5%
of sessions) when the shelter schedule prevented this.

In addition to the behavioural observations, codes were also
used to record distinct sounds, if any, that were present
during each 15-s interval. Sounds were classified as dog
barking, human voices, distinct outdoor traffic sounds, cat
movement sounds, small animal sounds, and the remainder
were classed as shelter operational sounds. By watching
a SPLnFFT Sound Meter i0S app (determined to have high
accuracy for measurement of true noise levels by Murphy &
King 2016) situated on a table in front of the observer, it
became clear that an increase in intensity of 15 dB, above
the 45-50 dB of ambient sound that was always present,
signalled a subjectively distinct sound. Hence, the observer
confirmed an increase of about 15 dB in the rare cases
where there was any doubt over whether to record a sound
as present. With this criterion, faint sounds such as a car
passing quietly outside were not included.

Inter-observer reliability was assessed by having a second
observer, who was trained on behavioural and sound
measurements but naive to the purpose of the study, simul-
taneously record behaviour and sound alongside the
primary investigator for a total of 22 individual cats over
seven observation sessions. As these sessions were spread
over the duration of the study, different cats were recorded
during each of the seven different sessions.

Statistical analysis

Weekend observations were not strictly comparable to
weekday observations because operational requirements
caused them to be carried out at different times of the day.
Therefore, the analysis was restricted to weekday records.
In addition, observations on some cats were very limited
because the animals were adopted or transferred after very
little time in the shelter. To ensure that every cat had at least
two complete days of comparable observations, all statis-
tical analysis (unless otherwise specified) was restricted to
weekday recordings for the 70 cats that were present for two
or more weekdays (called the ‘analysis sample’). SAS
Studio 3.8 was used for all statistical analyses.

For each of the 70 cats, a ‘fear score’ and a ‘maintenance score’
were calculated for each 30-min observation session. These
were the number of 15-s observation intervals in the 30-min
session in which fear and/or maintenance behaviours (defined
above) were observed. A ‘sound score’ was determined for
each observation session by calculating the number of 15-s
intervals when sound was scored as present as detailed above.

Shapiro Wilk tests and Q-Q plots were used to assess normality
of the fear and maintenance scores (n = 70). As the scores
showed very pronounced non-normality that could not be
resolved through transformations, non-parametric tests were
used for all analysis. The non-parametric Wilcoxon signed-
rank test was used to assess differences between AM and PM
observations in fear scores and in maintenance scores (n = 70).
A non-parametric Mann-Whitney U test was used to assess
differences between the 40 male and 30 female cats in fear

scores and in maintenance scores. Non-parametric Kruskal-
Wallis tests were used to assess differences in fear and mainte-
nance scores between different sources, between age groups,
and between Asilomar Accords categories (n = 70).

To assess how fear and maintenance behaviours were
related to each other, a mean fear score and a mean mainte-
nance score were calculated for each cat based on its AM
weekday observations (because of the limited expression of
fear behaviour in the PM sessions). To express the relation-
ship between fear and maintenance scores, a Spearman rank
correlation (n = 70) was calculated between the mean fear
and mean maintenance score of each cat.

To test the relationship between sound level and behaviour,
cach AM session was classified as ‘quiet’ if the sound score
for that session was below the median of all AM sessions,
or ‘noisy’ if above the median. The analysis was restricted
to AM sessions as PM sessions were more uniformly quiet.
The Wilcoxon signed-rank test was used to assess the differ-
ence between quiet and noisy AM sessions in fear scores
and in maintenance scores of the cats. Cats were included
(n = 38) if they were present for at least one noisy and one
quiect AM session. If they were present for more than one
noisy or quiet AM session, the analysis was based on the
mean fear score of the different sessions.

To test whether the scoring criteria for fear, maintenance and
sound could be assessed consistently by different observers,
Spearman rank correlations were calculated between scores
of the two observers for the seven 30-min observation
sessions. As a sound score was calculated for each observa-
tion session, the seven sound scores were used for this calcu-
lation. As fear and maintenance scores were calculated for
each cat, the 22 individual cats were used for this calculation.

A minority of the 30-min observation sessions included a
noticeable change from quiet to more noisy conditions or
from noisy to more quiet. To ensure a clear contrast, a quiet-
to-noisy transition was defined as occurring when a 5-min
period had at least three-fold more sound present than the
immediately preceding 5 min, where presence of sound was
quantified by the number of 15-s intervals when sound was
scored as present in the 5 min. For a noisy-to-quiet transi-
tion, a 5-min period had at least three-fold less sound
present than the immediately preceding 5 min. The point
between the initial 5 min and the subsequent 5 min was
termed the ‘transition point.” The type of sound present
during each transition was also noted. The behaviour of
study cats present was noted for the 5 min before and after
the transition point, and a fear score and a maintenance
score were calculated for each cat. If more than one cat was
present during a transition, the mean score for all study cats
present was used for analysis. Wilcoxon signed-rank tests
were then used to assess whether fear scores differed before
versus after the transition point.

To test whether the amount of hiding influenced adoption or
other outcomes, outcome and days until outcome were
recorded for each cat. Mean days until outcome was then
calculated for: (i) all adopted cats; (ii) cats that spent more
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than 90% of their observation sessions hiding; (iii) cats that
spent less than 10% of their observation sessions hiding;
(iv) cats that spent time hiding in highly concealed locations
in the enclosure (under the bed, and behind the hide-box);
and (v) cats that did not occupy highly concealed locations.

Results

The analysis sample consisted of 30 females and
40 males, all previously spayed or neutered. The sources
of the cats were owner-surrender (n = 32), stray (n = 29),
return (n = 7) and humane-officer surrender (n = 2).
Suspected breeds were domestic longhair (n = 10),
domestic medium hair (n=10), domestic shorthair
(n = 46) or exotic (n = 4). Estimated age groups were 14
young adults (1-3 years), 51 adults (4—7 years), and five
seniors. Asilomar Accords categories were healthy
(n=23), treatable-rehabilitatable (n= 41) or treatable-
manageable (n = 6). The median length of stay in the
study enclosures was four days (IQR = 5) before reaching
an outcome. All cats were ultimately adopted (n = 66),
redeemed by their owner (n = 3) or euthanased (n = 1). Of
all 221 AM and PM observation sessions, sound scores
(representing the number of 15-s intervals when sound
was recorded as present) had a median of 42 (IQR = 47).

Inter-rater reliability tests showed a strong positive correla-
tion for fear scores (7, [22] = 0.994; P = 0.001), maintenance
scores (r,[22] = 0.941; P = 0.001), and sound scores
(r[7]1=0.964; P < 0.005) by Spearman rank correlation.

Study cats differed widely in the amount of fear and main-
tenance behaviour that they performed. Of the ten cats with
the highest fear scores, the most common fear behaviour
was hiding. Eight of these cats hid for the entire observation
session on every day of observation, while the two others
hid 90 and 78% of the time, respectively. None of these cats
showed any maintenance behaviour during either AM or
PM observation sessions. In contrast, for the ten cats with
the highest average maintenance scores, grooming was the
most common maintenance behaviour observed, and these
cats spent only 0-5.1% of their observation sessions
showing hiding or other fear behaviour. Among all 70 cats,
those with high mean fear scores tended to have low mean
maintenance scores and vice versa (r, [70] = -0.353;
P =0.002 by Spearman rank correlation).

During AM sessions (when fear behaviour was more
common), females had higher fear scores (M = 11.58,
IQR = 15.79) than males (M = 3, IQR = 15.83; P = 0.047 by
Mann Whitney U test). In PM recordings (when mainte-
nance behaviour was more common) maintenance scores
tended to be higher for females (M = 2, IQR = 2.34) than
males M =1, IQR = 1.67; P = 0.128 by Mann Whitney
U test), but there was no apparent sex difference in AM
recordings. No significant difference in fear behaviour was
observed between age group, Asilomar Accords category, or
source. However, of the two most common source cate-
gories, stray cats tended to have higher fear scores
(M =17.46, IQR = 11.65) than owner surrender (M = 2.12,
IQR =8.95; P =0.060 by Mann-Whitney U test). No signif-
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icant difference was observed in maintenance scores
between age groups, Asilomar Accords categories, or source.

There was no consistent tendency for fear behaviour to
decline over days in the shelter. Of the 47 cats that were
scored for both AM and PM on their first day in the cat
adoption room and at least one additional day, 12 (26%) had
a higher fear score on day one than on any other day.
However, fear scores were highly variable over days.

Adoption records provided no evidence that hiding
decreased the likelihood of, or time taken before, adoption.
Mean time until adoption for all cats in the study was four
days. Of the nine cats that spent over 90% of their observa-
tion sessions hiding, mean time to adoption was 3.5 days
versus 4.5 days for the 26 cats that spent less than 10% of
their total time hiding. Of the 16 cats that were observed to
hide under the bed, all were ultimately adopted. Of the ten
cats that were observed hiding behind the box, nine were
ultimately adopted. Of the eleven cats that were observed
hiding under the bed and were adopted while still in the cat
adoption room, the mean number of days until adoption was
four. Of the four cats that hid behind the box and were
adopted from the cat adoption room, the mean number of
days until adoption was five.

Sound levels in the shelter followed similar patterns each day
because of the consistent daily shelter schedule. AM sessions
consistently had much more sound than PM sessions. Shelter
operations, human voices, traffic, dogs barking, and animal
sounds from the small-animal room were consistently present
more in the AM even though these observations were made
during morning staff meetings. The only sound category that
was more common in the PM was cat movement and cat
vocal sounds; these included sounds from cats meowing,
playing and litter-box use, sounds commonly associated with
maintenance behaviours (Figure 1).

Cats showed higher fear scores in AM (M = 5.83,
IQR=17.3) than for PM observations (M = 1.75,
IQR =7.125; P < 0.001 by Wilcoxon signed-rank test). In
contrast, maintenance scores were higher in PM observa-
tions (M = 1.67, IQR = 1.41) than AM (M = 0.66,
IQR =1.41; P =0.02).

Sound scores for AM sessions ranged from 5 to 269 (out of
a maximum of 300) with a median of 52. AM sessions were
classified as ‘noisy’ if they were above the median score and
as ‘quiet’ if below the median. Of the 38 cats that were
present for at least one noisy and one quiet AM session, 23
had higher fear scores in noisy AM sessions compared to
quiet AM sessions, nine showed no difference between
noisy and quiet, and seven showed higher fear scores in
quiet sessions (P = 0.001 by Wilcoxon signed-rank test;
Figure 2). There was no comparable difference in mainte-
nance scores (P = 0.501).

Of the total 221 observation sessions, 13 (7 AM, 6 PM) met
the criterion for quiet-to-noisy transitions, and behavioural
records were available for 47 cats during these transitions.
Wilcoxon signed-rank tests showed that fear scores were
significantly higher after sound transitions from quiet (M = 1,
IQR = 3) to noisy (M = 3, IQR = 2.5; P = 0.002). Of the
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47 cats, 37 showed no fear behaviour before the noisy 5-min
period began; 16 of these began to show fear behaviour
during the noisy period and 21 did not. The remaining ten
cats showed fear behaviour before the noisy 5-min period
began, and all continued to do so after. The most common
types of sound present for quiet-to-noisy transitions were
dogs barking (64% of transitions), shelter operational
sounds (29%), cat movement sounds (21%), and human
voices (7%). Opportunistic observations suggested that fear
behaviour was most likely to begin after the onset of dog
barking and shelter operational noises.

Additionally, nine sessions (3 AM, 6 PM) met the criterion
for noisy-to-quiet transitions. In four of these sessions, cats
showed less fear behaviour after the transition while there
was no change in the other five sessions (but P = 0.125 by
Wilcoxon signed-rank tests). Behavioural records were
available for 26 cats during these transitions. Of these, 14
cats showed fear behaviour during the initial noisy period,
and half of these stopped showing fear when the room
became quiet, whereas 12 cats showed no fear behaviour in
the noisy period and continued to show no fear behaviour in
the quiet. The types of sound present for quiet-to-noisy tran-
sitions included dogs barking (67% of transitions), cat
movement sounds (44%), shelter operational sounds (22%),
and traffic sounds (22%). Fear behaviour seemed most
likely to stop with the cessation of dog barking.

Discussion

Individual differences in fear and maintenance
behaviour

The negative correlation between the fear and mainte-
nance scores found in this study is consistent with
previous research by Carlstead ef a/ (1993) who showed
that cats in stressful situations will decrease play and
increase hiding and alert behaviours, and by Gourkow
et al (2014b) who found that behaviours consistent with
our fear category did not occur often in cats showing
behaviours consistent with our maintenance category,
and vice versa.

When hiding (the most commonly observed fear
behaviour in this study), cats primarily occupied the
hide-box, but also used the space behind the hide-box,
and under and behind the bed where they could make
themselves even more unseen. The extensive hiding
observed in this study supports the increasingly common
that hiding is an important coping
mechanism for cats entering new, unpredictable and
potentially aversive environments, and is important for
cat welfare (Rochlitz et al 1998; Gourkow & Fraser
2006; Kry & Casey 2007; Vinke et al 2014).

conclusion
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Difference in fear scores

-10-

Difference in fear scores between noisy AM sessions and quiet AM sessions for 38 cats, where difference is the mean fear score for the
noisy sessions minus the mean fear score for the quiet sessions. Cats were included if they were present for at least one noisy and quiet
AM session. If they were present for more than one noisy or quiet AM session, the calculation was based on the mean fear score of the

different sessions. Each bar represents one cat.

On average, the cats spent 28.7% of observation sessions in
the hide-box. While substantial, this usage is notably less than
the 77% reported in two other shelter studies (Kry & Casey
2007; Stella et al 2014). While the dimensions of the cat
enclosures were not specified by Kry and Casey (2007), the
enclosures used by Stella ef al (2014) were 0.55 m? in area
compared to 1.05 m’ in the present study. The difference in
behaviour could be due to different data collection methods
and the fact that cats in smaller enclosures simply have less
space outside the hide-box. However, the much lower level of
hiding in the present study might also be due to more positive
welfare created by the larger and more diverse enclosure.
This is consistent with Wagner et a/ (2018c) who found that
cage size over 0.74 m’ was associated with significantly
lower rates of stress-associated upper respiratory infections in
shelter cats compared to cage sizes of 0.56 m” or less.

Use of the hide-box has not been reported to decrease
approach to unfamiliar humans by cats or to decrease the
likelihood of adoption (Kry & Casey 2007; Stella et al
2017). This is consistent with our study as cats occupying
other hiding locations appeared to be adopted as often and
as quickly as cats that did not occupy these locations.
However, further studies are needed to correct for factors
known to affect adoptability (activity level, age, sex, and

coat colour; Fantuzzi et a/ 2010), and the possible effect of
cage location which was assigned by convenience rather
than randomly in our study.

Shelter sound and cat behaviour scores

Owing to daily shelter schedules, the AM sessions consis-
tently exposed cats to more sound than PM sessions. The
exception was sounds created by cat movement and vocali-
sations which occurred more in the PM and are commonly
associated with cat maintenance behaviour. The sounds in
this study were similar to those that previous reports have
described as prominent sounds in shelters, including dogs
barking (McCobb et al 2005), loud voices, and shelter oper-
ational sounds, such as metal-on-metal, and door sounds
(Sales et al 1997; Wagner et al 2018b).

The higher level of fear behaviour in the AM and mainte-
nance behaviour in the PM is consistent with the hypothesis
that cats demonstrate more fear behaviour when the shelter
is noisy, and more maintenance behaviour when the shelter
is quiet. These findings align with those of Stella et al
(2014) who found that cats housed with consistent
schedules and minimal sound disturbances exhibited less
sickness behaviour, less hiding, and more affiliative and
maintenance behaviour than cats in an environment with an
inconsistent schedule and more sound.
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The behavioural differences between the AM and PM
sessions could, of course, reflect diurnal variation rather
than the effect of sound itself. As stronger evidence of the
effect of sound, cats also showed more fear behaviour in the
relatively noisy AM sessions compared to the relatively
quiet ones. This further supports the findings of Stella et a/
(2014) that lack of sound disturbances (combined with a
consistent schedule) resulted in apparently positive
behaviour (eg maintenance behaviours), and of McCobb
et al (2005) who found that levels of sound and exposure to
dogs contribute to stress in shelter cats. The lack of a differ-
ence in maintenance behaviour may be explained by the
limited amount of maintenance behaviour observed overall,
or the presence of the observer in the room. While the
observer was partially concealed behind a structure, the
observer’s presence may have altered the amount of fear
and maintenance behaviour exhibited by some cats.

The changes in fear behaviour during sound transitions
further reinforce a relationship between fear behaviour and
sound. Fear behaviour was observed to increase after ten of
the 13 transitions from quiet to noisy, with no change in the
remaining three cases; and fear behaviour became less
common after four of the nine transitions from noisy to
quiet, again with no difference in the remaining five cases.
Hence, although some cats showed no change in behaviour
during these transitions, the changes that occurred were
consistent with the hypothesis that sound was a cause of
fear behaviour. Moreover, opportunistic observations of
cases where only one type of sound was present during tran-
sitions suggested that dog barking and shelter operational
noise were particularly effective in eliciting fear behaviour.

More quantitative measures of sound (dB levels, systematic
classification of sound type) could allow for more specific
exploration of how sound affects cat behaviour.

Individual cat characteristics

The considerable individual behavioural differences
observed in our study are consistent with Stella and Croney
(2019) who similarly found individual differences in the
behavioural responses and coping styles of cats in confine-
ment. The large individual differences were not strongly
related to source, health status or age of the cats. The stray
cats tended to show higher fear scores than owner-surrender
cats; this is consistent with Dinnage et a/ (2009) who found
that stray cats were more likely to develop stress-associated
upper respiratory infection symptoms, but it conflicts with
Dybdall et al (2007) who found higher stress scores in
owner-surrendered cats. These differences are likely a
reflection of the fact that many additional factors may affect
the behaviour of cats, such as breed (Dinnage et al 2009),
being from a single- or multi-cat home (Broadley et al
2014), or other historical information (eg experience as a
stray in a rural environment compared to an urban environ-
ment), most of which is often not known in shelter popula-

tions. While senior and geriatric cats are generally consid-
ered to experience a higher degree of stress (Dinnage et al
2009; Pittari et al 2009), we found no comparable differ-
ence but only had eight cats in the senior category.
Similarly, there were no significant differences in fear or
maintenance scores between cats in different Asilomar
Accords categories, but these involve broad categories that
include different health conditions which may affect
behaviour in different ways. In our study, males tended to
show less fear behaviour and less maintenance behaviour
than females, contrary to the study of Dybdall et al (2007)
who found no sex differences in stress scores.

Previous research has demonstrated that how quickly a cat
settles into a new environment can vary greatly, with accli-
mation lasting from a few days to a few weeks, and some
animals never acclimating (Kessler & Turner 1997, 1999;
Rochlitz et al 1998; Dybdall et al 2007; Broadley et al
2014). This is supported in our study as individual cats
appeared highly variable as to whether and how quickly fear
behaviour changed over time in the shelter environment.
This finding was likely due to the cats in the study entering
from a variety of sources and backgrounds, remaining in the
shelter for a relatively short time before reaching an
outcome, and having varied durations in shelter care before
entering the study room.

Animal welfare implications

This study provides evidence that higher amounts of sound in
the shelter increase signs of fear in cats; specifically, fear was
more common in morning observations (when the shelter was
generally noisier) compared to evenings, in mornings that
were relatively noisy compared to mornings that were rela-
tively quiet, and after short-term transitions from quiet-to-
noisy periods within observation sessions. These findings
support the implementation of sound-proofing infrastructure
and materials in a shelter. This might include use of non-metal
or rubber-coated dishes, quiet toys, acoustic dampeners on
enclosures, room door silencers, acoustic panels and baffles,
keeping doors closed between rooms, adding cupboard door
dampeners, implementing management practices that reduce
dog barking, and keeping voices of staff, volunteers, and
visitors low. Inexpensive, validated, sound-measuring smart-
phone applications could allow shelters to measure the
sounds of frequent daily activities (eg cleaning, feeding,
visitor or volunteer activities) to help determine the major
sources of sound and guide implementation of sound-
decreasing measures.
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