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ARTICLE INFO ABSTRACT

Keywords: Many companion cats (Felis catus) in industrialised countries are raised under human supervision and often kept
Predatory play completely indoors. Even if we assume that cats were not selected intentionally against hunting behaviour, we
Object play

can still hypothesize that because of the differences in their epigeny and prey-related experiences, adult cats
would show different willingness to engage in hunting-type behaviours. Play is considered as a useful proxy for
testing predatory behaviour in cats under non-invasive conditions. We investigated the influence of raising and
keeping conditions on predatory play behaviour in companion cats. We recorded the subjects’ (N = 31) reactions
to artificial prey-like stimuli such as balls of different sizes (latency of approach and latency of contact), catching
wand (frequency of failed attempts of catching, duration of holding) and playback sound of birds, paper
crumpling, plastic bags, and mice (latency and duration of search for sound source).

Indoor-only cats approached, touched or played with balls sooner than indoor-outdoor cats. Indoor-only cats
started searching sooner than indoor-outdoor cats for the playback sounds. Cats raised with their mother for a
longer duration, had less failed attempts in catching the chaser, than subjects that were raised with their mother
for a shorter duration, irrespective of the keeping condition.

Indoor-only cats were more interested in the artificial stimuli that show more or less resemblance with the
prey, even though these cats have been completely deprived of experience with live prey. There are various
theories that can explain these findings, including higher play drive because of the lack of stimulation; less

Domestic cat
Predatory behaviour
Experience

Keeping condition
Maternal effect

refined prey recognition; or reduced fear due to lack of experience in the indoor-only cats.

1. Introduction

Predatory behaviour, mainly directed towards rodents that imposed
and often still represent a threat to the food caches of humans, was the
main driving force behind the domestication of cats (Crowley et al.,
2020). Even today many cat owners consider ‘pest control’ as the main
task and appeal of having a cat at home (Pongrdacz and Szapu, 2018; also
see Cecchetti et al., 2020). However, the predatory activity of cats also
represents a threat for the local ecosystems (Woods et al., 2003), with an
especially heavy impact in such areas where cats were recently intro-
duced by humans (Moseby et al., 2015). From this aspect alone, a better
understanding of cats’ predatory behaviour is in high demand. The sit-
uation is complex as there is no clear feeding ecology based distinction
between populations of cats that do (i.e. ‘feral’ cats), and those that do
not, express hunting activity (i.e. ‘companion’ cats). Several studies
have shown that cats with established companion status and provisioned
feeding still regularly hunt and kill prey animals (Baker et al., 2008).

Domestic cats show minimal or no functional deviations from their
wild ancestor (Driscoll et al., 2007) in their natural nutritional needs or
feeding behaviour (Bir¢ et al., 2005; Cecchetti et al., 2020). Domestic
cats are the descendants of a hyper-carnivorous predator, which is
instantly apparent from their dentition (Serpell, 2000). The African wild
cat, Felis lybica, is considered to be the closest relative of domestic cats
(Driscoll et al., 2007). Domestic cats are more fundamentally con-
strained within their choice of diet because of the absence of certain key
metabolic enzymes that are absent within the common ancestor of all
the extant species in the Felidae family (Bradshaw et al., 1996). The end
result is a diet which largely consists of vertebrate meat. One of the
selection pressures that has caused companion cats to retain their
hunting behaviour could be the unsatisfying nutritional content in
commercial pet food products (Zoran, 2002; Cecchetti et al., 2020,
2021).

Several factors were found that may influence the frequency, success
rate and target of the hunting efforts of cats. Beyond the individual
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preferences and experience, other cat-related factors that increase the
probability of hunting are the age (younger cats hunt more, van Heezik
et al., 2010) and body condition (leaner cats hunt more, Woods et al.,
2003). It was also found that the location (nearby farmlands) and time
budget of the cat (more time spent outside) can boost the hunting ac-
tivity (McDonald et al., 2015).

The investigation of predatory behaviour in cats is often based on
surveys (i.e. kills that cats take home, e.g. McDonald et al., 2015), with
less common attempts of direct observations (e.g. Loyd et al., 2013) and
experimental approaches (Hall and Bradshaw, 1998). Meanwhile pred-
atory behaviour seems inseparable from being a rural or outdoor cat
(Dickman and Newsome, 2015), the presence and manifestation of
hunting behaviour in the ever-growing indoor-only companion cat
population (Rochlitz, 2005), is much less investigated. Predatory play
offers a promising proxy phenotype for a more universal approach to the
study of hunting behaviour, because indoor-only cats would be other-
wise hard to test without the possibility of exposure to live prey animals.

Predatory play in cats comprises two characteristic subtypes: prey-
play, when instead of (or before) killing the captured prey, the cat
performs non-lethal elements of hunting behaviour on it; and object
play, when the cat performs the behavioural repertoire of hunting/
killing on inanimate objects. Earlier studies established a neurophysio-
logical continuum between avoidance behaviour and actual prey-
killing, assuming that changes of activity in the neural regulatory sys-
tem influence the severity of cats’ kill-specific behaviours, with prey-
play phenotypes in between the two extremities (Pellis et al., 1988).
Therefore, authors considered prey-play as a misleading term, by sug-
gesting that the delayed (or omitted) killing phase may signify rather, a
hesitant/avoidant behaviour from the cat.

Cats show considerable amount of play behaviour even in their
adulthood. Apart from the well-known phenomenon of playing with the
still alive prey animals, they show both object and social play behaviour.
Multiple factors determine how effective predatory behaviour arises.
Two of these factors are developmental determinants occurring while
the cat is young. They are the role of the mother in encouraging kittens
to catch prey by bringing alive prey to the kittens (Ewer, 1969), and
object play in kittens. Apart from these, in adult cats, the experience
with prey further enhances their hunting activity (Caro, 1980a, 1980b).

The resemblance and overlap between predatory behaviour and
object play in domestic cats was also investigated, with a current view
that the two activities may share a considerable motivational back-
ground. In this framework, Biben (1979) documented that food depri-
vation or hunger increases the probability of killing the prey, while
satiation decreases killing behaviour in the cat. Also, as the prey size
increases, incidence of killing decreases. Hall and Bradshaw (1998)
found that hunger enhances not only the interest towards playing with
smaller objects in cats, but also the frequency of kill-specific behaviours
and observing/stalking the larger toys. Therefore, they concluded that
object (predatory) play and actual predatory behaviour may share the
same motivational basis.

In the kittens, play-related motor patterns that emerge early in life
will be directed towards conspecifics, prey animals, objects (‘toys’) or
they may lack any specific target. Object play emerges and peaks later
than social play (around 18-21 weeks of age). During this transitional
period, kittens slowly switch interest from playing with their siblings to
object and predatory play (Mendoza and Ramirez, 1987). Early weaning
or food rationing (i.e. temporarily elevated hunger level) was also found
to be associated with increased object play in kittens (Bateson and
Martin, 1981; Bateson et al., 1990; Bateson and Young, 1981).

Currently in industrialized countries, most companion cats are raised
under human supervision, often indoors (Patronek et al., 1997; Rochlitz,
2005). Some of them are raised in the presence of their mother, but some
kittens are adopted shortly after birth, and are fostered by the owner
(Delgado and Hecht, 2019). When we investigate keeping conditions,
some companion cats are allowed to go out of the house, while some are
completely restricted indoors. Even if we assume that cats have not been
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selected against hunting behaviour (on the contrary, retaining the
willingness/ability to hunt proved to be a highly adaptive trait for the
larger proportion of domesticated cats, Bradshaw, (2006), we can still
hypothesize that there could be differences between the willingness to
show hunting-like behaviour in adult cats. As environmental effects
could be at least partly responsible for this, in this study we investigated
the factors that may affect predatory play in indoor-only cats and cats
that have the opportunity to hunt outside. Our main hypotheses were
that both the conditions of raising (i.e. kittens had a prolonged time
spent with their mother or not) and keeping (indoor-only/indoor-out-
door cats) would affect the presence and intensity of companion cats’
willingness to interact with simulated prey-related stimuli. Regarding
the raising conditions, we predicted that cats that were raised by their
mother for a longer period will show more interest in predatory-type
games than cats that had a shorter period together with their mother.
Regarding the keeping conditions, no specific prediction was formu-
lated, because both outcomes were equally possible. One could predict
that indoor-only cats interact more likely with prey-like stimuli as they
miss this type of activity (Cecchetti et al., 2020, 2021); but it is also
possible that indoor-outdoor cats show stronger interest towards object
play because they are more experienced with prey-like stimuli and
predatory play.

2. Methods
2.1. Ethical note

All procedures performed in studies involving animals were in
accordance with the ethical standards of the Animal Welfare Committee
of the Eotvos Lorand University Ref. no.: PE/EA/1005-5/2018). Com-
panion cats were tested at their homes, with the participation of their
owners. We tested the cats with various play-eliciting stimuli, however,
we informed the owners that they could interrupt or stop the experi-
ments at any time they felt that their cats experienced high levels of
stress. (This never happened).

2.2. Subjects

Participants were recruited through advertisements on the website of
our Department and via social media. Criteria for inclusion were simple,
any companion cat could participate in our tests if the cat was 6 months
old, with the only exclusion being physically challenged companion cats
(for example: impaired vision and/or hearing, permanently injured, etc.;
all based on the owners’ report about the health status of their cats).
After exclusions, the effective sample size was 31 subjects (3 intact cats
and 28 neutered/spayed cats) these were all included for analysis (mean
+ SD age of subjects = 64.1 &+ 55.77 months). We considered a subject
an indoor-outdoor cat (N = 13), when it had ad libitum access to the
outdoors, but at the same time it was also allowed to be in the house
without restrictions (including the room where the actual testing
happened). Indoor-only cats (N = 18) were kept strictly indoors, without
any access to the outdoors. Twelve cats stayed with their mother till at
least 8 weeks of age. 19 cats were adopted by the owner before they were
8 weeks old. Most of our subjects were European short-haired mongrels
(28), with the exception of one long-haired Persian and two Siamese
cats. Table 1 shows basic details of all the subjects.

2.3. Exclusions

Originally, we tested 54 companion cats. From these, we excluded 8
indoor-only cats and 4 indoor-outdoor cats from the final analysis
because of excessively loud background noise (example: construction
noise from neighbouring houses, noise from other pets at home) at the
testing location. An additional 5 indoor-only and 6 indoor-outdoor cats
were excluded from the final analysis because they hid during the test.
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Table 1
Demographic details of the subjects.
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Subject Sex  Age Breed Keeping Duration raised Age of Source of Does your cat  Types of toys cat likes to play
(months) condition by mother adoption adoption like to play
(months) (months) with toys?
10-1 M 84 Mongrel  Indoor- 0-2 4-5 Friend Yes paper ball, paper bags, boxes, laser pointer,
outdoor scraper, stick-mounted pen / toy
10-2 F 204 Mongrel  Indoor- More than 2 3-4 Friend Yes Laser pointer, plastic bags, boxes
outdoor months
10-3 M 168 Mongrel  Indoor- 0-2 1-2 Friend Yes Paper bags, catnip
outdoor
10-4 M 36 Mongrel  Indoor- More than 2 1-2 Friend No Not applicable
outdoor months
10-5 M 24 Mongrel  Indoor- 0-2 4-5 Shelter Yes ball, paper ball, paper bag, boxes, stick toy,
outdoor scraper, catnip, any animal / bird toy
10-6 F 60 Mongrel  Indoor- 0-2 >6 Friend Yes Ball, plastic bags, catching wand
outdoor
10-7 F 36 Mongrel  Indoor- More than 2 3-4 Friend Yes Ball, Crumpled paper, bags, boxes, tunnel,
outdoor months Scratch post, Catnip
10-8 F 210 Mongrel  Indoor- More than 2 birth At home Yes paper dumplings, laser pointer, wand toy,
outdoor months wand pen / toy, other:
10-9 M 48 Persian Indoor- 0-2 1-2 Friend Yes Ball, chaser wand, boxes
outdoor
10-10 M 96 Mongrel  Indoor- 0-2 At home birth Yes Catching wand, plastic bags
outdoor
10-11 F 12 Mongrel Indoor- 0-2 3-4 Friend Yes Ball, Crumpled paper, bags, boxes, tunnel,
outdoor Catching wand
10-12 F 84 Mongrel  Indoor- More than 2 3-4 Friend Yes Catching wand, Feather tickler stick
outdoor months
10-13 M 48 Mongrel Indoor- 0-2 1-2 Friend Yes Balls, tunnel, boxes
outdoor
I-1 M 36 Mongrel  Indoor-only  0-2 1-2 Shelter Yes Tunnels, plastic bags
I-2 M 24 Mongrel  Indoor-only = More than 2 3-4 3—4 Friend  Yes Catching wand, leather strings
months
1-3 F 16 Mongrel  Indoor-only  0-2 3-4 Street Yes Ball, bags, boxes, tunnel, Catching wand
I-4 M 30 Mongrel  Indoor-only  0-2 1-2 Friend Yes paper bags, boxes, string toys, any animal /
bird toy
15 M 48 Mongrel  Indoor-only  0-2 1-2 Friend Yes Balls. Bags, tunnels, catching wand
I-6 F 144 Mongrel  Indoor-only = More than 2 3-4 Friend Yes paper balls, paper bags, boxes, laser pointer,
months wand toy, scraper, wand end pen / toy, catnip,
any animal / bird toy
1-7 M 24 Mongrel  Indoor-only =~ More than 2 3-4 Shelter Yes ball, paper ball, paper bag, boxes, laser
months pointer, wand toy, scraper, wand end pen /
toy, catnip, any animal / bird toy
1-8 F 30 Siamese  Indoor-only =~ More than 2 1-2 Friend Yes bags, boxes, tunnel, Laser pointer, Catching
months wand
19 F 16 Mongrel  Indoor-only — 0-2 3-4 Street Yes Ball, bags, boxes, tunnel, Catching wand
1-10 M 72 Mongrel  Indoor-only  0-2 1-2 Friend Yes pen / toy attached to the end of a wand, other:
I-11 F 72 Mongrel  Indoor-only =~ More than 2 3-4 Shelter Yes a toy attached to a wand with a cord, a pen /
months toy attached to the end of a wand
112 F 24 Mongrel  Indoor-only =~ More than 2 3-4 Breeder Yes bags, boxes, tunnel, Catching wand, strings,
months toy mouse
I-13 F 6 Siamese Indoor-only More than 2 3-4 Shelter Yes Ball, Crumpled paper, bags, boxes, tunnel,
months Laser pointer, Catching wand, Scratch post,
Feather tickler stick, Catnip, Any animal/bird
toys
I-14 F 144 Mongrel  Indoor-only  0-2 >6 Friend Yes paper balls, paper bags, boxes, laser pointer,
scraper, other:
1-15 M 36 Mongrel  Indoor-only  0-2 Birth At home Yes paper balls, paper bags, boxes, laser pointer,
other:
I-16 M 96 Mongrel  Indoor-only — 0-2 >6 Friend Yes laser pointer
1-17 M 36 Mongrel Indoor-only 0-2 4-5 Street Yes Ball, bags, boxes, tunnel, Catching wand,
Catnip
1-18 M 24 Mongrel  Indoor-only  0-2 1-2 Street Yes Crumpled paper, bags, boxes, tunnel, Catching
wand

This table also shows the answers from the cat owners regarding their cats’ playful interactions with the owners, including the type of toys they usually play with.

Explanations: ‘Subject’ column: I0 = indoor-outdoor; I = indoor-only.
‘Sex’ column: M = male; F = female.
‘Age of adoption’ column: birth = the cat was born at the owners’ house.

2.4. Procedure

Each subject was tested in the home of their owners, typically during
daytime, within the range of 10-18 o’clock (depending on the owners’
convenience to receive the visit of the experimenter). Each test was
recorded with a [Panasonic, HDC-SD10 and moto-g mobile phone

camera (had to be replaced in the later stage of data collection as it was
damaged)] camcorder for later analysis. The experiment consisted of
three tests, always performed indoors, conducted in the same order for
all the participants. The three tests followed each other with short in-
tervals between, on the same day. For controlling the hunger level of the
cats, we requested that the owners not feed the subjects for 5 h prior to
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the test.

2.4.1. Test 1: play with ball

Here we tested whether the cats would interact with a ball that was
rolled towards them by the experimenter. Participants were tested with
balls of variable sizes; large (10 cm), medium (6 cm) and small (3 cm) in
diameter.

Each subject had a free and a restrained trial with each ball size. In
the free trial, the owner was asked to gently restrain the subject only
until the experimenter rolled the ball towards the subject. When the
experimenter rolled the ball (with an approximate speed of 1 m/s), the
owner pulled back his/her hands and the subject was allowed to
approach/play with the ball for 1 min. In the restrained trial, cats were
restrained by their owners during the time the ball was rolling. The
restrained trial served to assess the cats’ interest in the rolling ball by
observing whether they followed it visually. The order of ball size along
the three trials was randomly varied across the subjects. Free and
controlled trials were conducted in fixed within-subject order. Half of
the subjects were tested with free trials first, the other half received the
restrained trials first with each ball size.

2.4.2. Test 2: play with chaser wand

Here we tested the interaction of the subjects with a so-called chaser
wand toy (a bird shaped soft toy attached with a string (80 cm long) to a
stick handle (30 cm long). At the beginning, the cat was gently
restrained by its owner on the floor. When the experimenter started to
move the chaser wand, the owner released the subject. The experimenter
moved the chaser wand as a pendulum in a moderate speed, back and
forth keeping it at twice the height of the subject (depends on whether
the subject is in standing posture or in a rearing posture (standing on its
hind legs). Chaser wand was retracted from the subject each time the
subject managed to catch it, and we resumed the movement for a total
trial length of maximum 2 min.

2.4.3. Test 3: sound playback

Each subject was presented with pre-recorded vocalizations of a
chirping bird, a squeaking mouse, and noise made by crumpling a sheet
of paper and rustling a plastic bag, respectively. Sound samples can be
accessed in the electronic supplementary material. We formed playsets
from the four types of sound samples, arranging them in a random order,
with 2-min silent inter-stimulus intervals, and 1-min silence before the
first and after the last playback sound. Total duration of each playset was
12 min. Sound intensity was set to 50 percent of the maximum volume.
We used a laptop (Lenovo) with a Bluetooth speaker (Sony SRS-XB2) for
the playback. The experimenter handled the laptop, and the speaker was
placed on the floor, visible to the subject.

2.5. Data collection

To collect basic demographic details of the cats we tested, the owners
were asked to complete an online questionnaire. The behaviour of the
subjects was coded from the video segments with the help of Solomon

Table 2
Coded behaviours.

Behaviour Description

Contact with Hold the ball/ bat/touch with the paw/sniff the ball

ball
Approach the Start moving towards the ball
ball
Hold the chaser ~ Grab any part of the chaser using fore limbs or hind limbs or in the

mouth

Tries to grab the chaser by jumping or leaning forward/ raising
fore limbs, but does not get to hold the chaser

Actively moving around

Failed attempt

Search for
sound
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Coder (beta 17.03.22 copyright by Andras Péter). Table 2 shows the list
of coded behaviours and their description. Recorded videos of 25
percent of total subjects included in the final analysis were coded by a
second observer and interrater reliability scores were calculated in SPSS
for all parameters included in the results. Kappa coefficient was esti-
mated in a range between 0.7 and 0.8 for all parameters included in the
results.

2.6. Statistical analysis

Latency of approach and latency of contact (balls), latency of search
(sound playback) were analysed with Mixed Effects Cox Regression
(coxme function) in R environment. We checked the main effects and
two-way interactions of keeping condition, raising condition and the
size of the ball on the latency of contact with the balls. As we performed
a model selection, we report the results of the most parsimonious (final)
models. For the pairwise comparisons, we ran Tukey-post hoc tests
(emmeans package). Duration of search behaviour during the playback
session was analysed in SPSS.25, using GLM repeated measures, where
sound playback was the repeated factor, type of playback was the pre-
dictor. Here, and in other cases where we run GLM, for complying with
the model assumptions, we checked the normal probability plot of the
residuals. Frequency of failed attempts to catch the chaser was analysed
with separate Mann-Whitney U tests, with keeping condition and raising
condition as predictors. Duration of holding the chaser was analysed
using 2-way GLM in SPSS to check the effect of different keeping con-
ditions and raising conditions as predictors. As threshold level for sig-
nificant results, « = 0.05 was used in each case.

3. Results
3.1. Test 1: play with ball

During the play with the ball test, cats could show the following
behaviors: they approached the ball, sniffed the ball, bat the ball, hold
the ball with hind limbs and fore limbs or just approached but did not
touch the ball.

For Mixed Effects Cox Regression analysis, we report the results of
the final models.

Regarding the contact with the ball we found a significant effect of
keeping condition (;(21 = 5.0449, P = 0.0247) (see Fig. 1). Indoor only
cats touched or played with balls sooner than the indoor-outdoor com-
panion cats (exp(p) = 2.78[1.449, 4.1104], Z = 2.14, P = 0.032). Size of
the ball and raising condition had no effect on latency of contact with
the ball. We found a weak significant effect in case of keeping condition

Strata Housing=indoor-outdeor =+ Housing=only indoor
= 081
o
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Fig. 1. The cumulative occurrences of contact with balls of indoor only cats
and indoor-outdoor cats. Shaded areas represent 95 % CI.
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(r*1 = 4.5336, P = 0.03324) on the latency of approaching the balls.
Indoor only cats approached sooner the balls than indoor-outdoor cats
(exp(B) = 2.79 [1.3448,3.906], Z = 1.98, P = 0.048) (see Fig. 2). Size of
the ball and raising condition had no significant effect on how fast or
slow the cats approached the ball.

3.2. Test 2: play with chaser wand

In case of play with the chaser, cats either grabbed the chaser, sniffed
it, bite it; or just ignored the chaser; or tried to grab it but did not suc-
ceed. Only in the case of ‘play with the chaser wand’ test, 4 subjects were
not included (3 indoor-outdoor cats and 1 indoor only cat) to the anal-
ysis as they did not play at all with the chaser during the trial, and for the
analysis, we needed ‘frequency of failed attempts to catch the chaser’
and ‘duration of holding the chaser’ data.

From the predictors, raising condition had a significant effect on
frequency of failed attempts in catching the chaser (U = 34.5, P = 0.009)
(see Fig. 3). According to this, cats that were raised with the mother only
for a shorter period showed more failed attempts to catch the chaser
than cats that were raised with their mother for more than 8 weeks.
Housing conditions did not show significant effect (U = 68.0, P = 0.414)
on the frequency of failed attempts to catch the chaser.

3.3. Test 3: sound playback

In case of playback session, cats showed active locomotion around,
looking around by moving the head without any locomotion; or just
remained in the same position without any head movement or loco-
motion. The repeated factor (sound playback) did not have a significant
effect (F11,319 = 0.398, P = 0.956) on the duration of search behaviour.
From the predictors, type of sound did not have a significant effect on
duration of search behaviour (F3g; = 1.024, P = 0.386); while the
predictor keeping condition had a significant effect on duration of
search (Fj 29 = 8.989, P = 0.006) (see Fig. 4). Indoor-only cats spent
more time searching around than indoor-outdoor cats during the entire
session of sound playback.

In case of the latency of the searching (y%; = 8.5519, P = 0.03588),
we found a significant effect of keeping condition (Exp(p) = 2.80[1.814,
3.794], Z = 2.92, P = 0.0035). Indoor-only cats started searching sooner
than indoor-outdoor cats, independently of the type of sound (see
Fig. 5). We also found significant association between raising condition
and type of sound (Exp(f) = 0.1905[0.0677,0.3133], Z = —2.569, P =
0.0102). Based on the post-hoc test, cats raised with the mother for ‘0—2
months’ reacted faster in searching for the sound of the bird (see Fig. 6).
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Fig. 2. The cumulative occurrences of approaching the ball of indoor only cats
and indoor-outdoor cats. Shaded areas represent 95 % CI.
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Frequency failed attempt under different raising
condition

35
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Frequency of failed attempt

Raising condition
W Morethan2 W0-2

Fig. 3. Frequency of failed attempts to catch chaser under ‘0-2 months with
mother’ and ‘more than 2 months with mother’ raising conditions. Error
bars: SE.

4. Discussion

In a series of experiments, we tested companion cats with such
stimuli that we expected would elicit predatory play or prey-related
interest from the subjects. We found that both keeping and early up-
bringing conditions had significant associations with cats’ reactions to
these stimuli. Most importantly, indoor only cats showed stronger in-
terest towards most stimuli (faster approach and contact with the balls,
shorter search latencies in case of sound playbacks). Cats raised with
their mother for more than 2 months had less failed attempts in catching
the chaser than cats raised with their mother for 0—2 months irre-
spective of the keeping condition.

Cats and dogs are considered as the two main companion animal
species worldwide, both have considerably long domestication history,
but with markedly different functions and feeding ecology as well. Do-
mestic dogs (owned and ownerless alike) became an omnivorous species
(Axelsson et al., 2013), with a wide array of work and leisure functions
in the case of working, sports and companion dogs. The domestic cat
remarkably retained its ‘original’ feeding habits as well as function, thus
remaining an effective meso-predator (Bradshaw, 2006). Acknowl-
edging the current tendency of keeping more and more cats strictly in-
doors (which stems both from reasons of urban lifestyle
(Foreman-Worsley and Farnworth, 2019) and ecological conscien-
tiousness (Linklater et al., 2019)), we investigated whether being an
indoor-only cat would have an effect on companion cats’ reactions to
stimuli that are intended to elicit predatory play. Our experiments
showed that the lack of experience with various prey animals by the
indoor-only cats did not coincide with a weaker willingness and in-
tensity of cats’ interactions with prey-mimicking toys and stimuli. Our
results therefore are in parallel with the recent study of Cecchetti et al.
(2020, 2021) who found that a short session of daily object play with the
cat can lessen the amount of prey these companion cats killed. Both the
results of our and Cecchetti et al.’s experiments thus indicate that actual
hunting activity and object-elated play may show a negative association
with each other in domestic cats.

From our results it is understood that indoor-only cats are more
interested than the indoor-outdoor cats in the toys and sounds that show
more or less resemblance with prey. It is important to see that this dif-
ference most probably was not the result of simply being more inclined
to play with toys or interacting with humans and toys in case of the
indoor-only cats, because in the other group the cats were also living
with their owners in the house. In other words, both cat groups consisted
of indoor-cats with a close and intense relationship with their owners,
but one group had an additional access to the outdoors (indoor-outdoor
cats). Predatory play can be used as a proxy for actual predatory
behaviour (Biben, 1979), therefore we can assume that in the case of our
subjects, the differences between the indoor-only and indoor-outdoor
cats’ reactions to the experimental stimuli may be partly connected to
their different experiences with actual prey animals. Caro (1980a,
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Fig. 5. Latency of search for any type of sound of indoor only cats and indoor-
outdoor cats. Shaded areas represent 95 % CIL.

1980b) found that in adult cats, exposure to prey enhanced predatory
behaviour. This is seemingly in contradiction with our results, because
one could then expect that indoor-outdoor cats would be keener to
engage with predatory play. Among the possible explanations, we may
consider that (1) outdoor cats are more experienced with real prey
therefore they are less interested in improper stimuli (or in general, in
predatory play); and/or (2) the indoor only cats are deprived of real
prey, therefore they show more intense reaction even towards improper
‘replacement stimuli’. For this latter option, support comes from the
study of Holloway and Suter (2004), who found that peri-adolescent cats
that were temporarily deprived of social play with conspecifics (mainly
wrestling type games), showed a significant increase in these activities
once their isolation was lifted and they regained access to their com-
panions. Additionally, we can exclude different levels of hunger (Biben,
1979) as an explanation, as in our sample each cat was kept as a com-
panion and they were regularly provisioned by their owners indepen-
dent of their access to the outdoors. Additionally, we did not find an
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Fig. 6. Latency of search for each type of sounds of under ‘0-2 months with
mother’ and ‘more than 2 months with mother’ raising conditions. Shaded areas
represent 95 % CI.

association between ball size and elicited reaction from the cats neither
within, nor between the groups, which could indicate a difference in the
hunger-related motivation levels (Biben, 1979).

While indoor-outdoor companion cats have experience in encoun-
tering and handling prey in their day to day life (Loyd et al., 2013),
indoor only cats have hardly any experience in handling live prey
(except for occasional encounters with insects inside the home). Even
though indoor only cats are mostly lacking the experience with live prey,
in our study they showed faster response to stimuli that mimic some
features of prey (sound, movement, perhaps appearance). Pellis et al.
(1988) found a continuum in cats between avoidance of prey, ‘playing’
with prey, and killing the prey, where they suggested that the severity
(or lethality) of the cat’s interaction with a prey animal depends on the
balance between the motivational levels of defence and attack. The more
the neural regulatory system moves from defence towards attack, the cat
will show less and less defensive (avoidance) behaviour, and goes more
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directly for the kill. This theory offers an interesting explanation to our
results. As indoor-only cats have no real experience with prey animals,
they may show a more curious and less defensive or cautious reaction
towards prey-like stimuli. Indoor-outdoor cats with ample experience of
potentially dangerous, self-defending prey, may show a more defensive
or cautious approach, resulting in longer contact latencies and lower
contact frequencies.

Cats may regard the chaser as a bird-like object and holding it can be
regarded as a kill-attempt. In a study where indoor-outdoor cats were
fitted with small cameras, it was found that small songbirds represent
one of the most difficult prey types to catch for even these otherwise
successful predators (Loyd et al., 2013). Therefore, killing the prey faster
or crippling a bird is important for an experienced hunter for securing it
against escape. If we consider that companion cats that have outside
access (indoor-outdoor cats) were less interested in the sounds in gen-
eral, this shows that cats who probably have experience in catching (and
killing) birds, would be those that hold the chaser longer ("I surely get
it"), but at the same time they are not so interested in the bird sound
from playback ("I know that it is impossible here in the room").

It has been shown that the willingness to interact with prey and the
efficiency of hunting behaviour in kittens, is associated with the pres-
ence of the mother, more precisely, it depends on the parallel exposure
to the prey and the mother (Caro, 1980a, 1980b). Moreover, this effect is
time-sensitive as kittens become more willing to interact with the prey
on their own only if they had the chance to experience their mother’s
prey-related behaviour till at least 8 weeks of age. The effect of the
mother in this case is hard to substitute, as neither object-play, nor other
cats (siblings) had the same improving effect on young cats’ predatory
behaviour than that of the mother (Caro, 1980a, 1980b). In our study,
we found that the length of time cats spent with their mother had an
association especially with behaviours that can be considered as pred-
atory play connected to bird-like stimuli (sound playback of birds,
interacting with the chaser wand). Independent of their keeping con-
ditions, subjects that were raised by their mother for a limited time only,
showed more intense interest in bird sound playback, and had more
failed attempts of catching the wand. We assume that the longer a cat
was raised by its mother, the more its hunting skills were honed as a
consequence of the maternal effect (Caro, 1980a, 1980b). In turn, these
more effective hunter cats may show weaker interest in sound playback
of birds, because either they find these stimuli weaker than the ones
originating from real prey animals, or because they can fulfil their need
for hunting on a more regular basis (hence they are less deprived of such
stimuli). The failed attempts’ frequency in the case of catching the
chaser would strengthen this explanation, if we consider this behav-
ioural parameter as an indicator of either the inefficiency of the cat as a
hunter, or its more playful than serious hunting intent. As the subjects
that were provided only a limited period of maternal care showed more
failed attempts to catch the chaser, one could assume that this was the
result of their less developed hunting skills, or their more playful than
predatory approach to this game.

Among the limitations of our study, we should note that we did not
have any control or influence over the level of general stimulation our
subjects received from their environment, including both the social and
asocial factors. Therefore it could happen that apart of prey-related
stimuli, indoor-outdoor cats received a more stimulus-rich experience
due to their access to the world outside of their owner’s house. Theo-
retically, a more stimulus-rich environment could also contribute in
their diminished interest (compared to the indoor-only cats) in the prey-
like stimuli we provided them during the tests. Another limiting factor is
that the tests were conducted not exactly the same time during the day
with the various subjects (due to the fact that we had to adjust our visits
to the owners’ homes according to their daily schedule). Although the 5
h long food withdrawal before the test should be enough to equalize the
hunger level in companion cats, we acknowledge that the wide range of
testing times during the day could somewhat influence the activity level
of some of our subjects.

Applied Animal Behaviour Science 241 (2021) 105373

5. Conclusions

Keeping conditions play a crucial role in developing predatory play
in companion cats. The experience with live prey or lack of experience
with prey could affect the willingness and intensity of cats’ interaction
with prey or prey mimicking toys or stimuli. Also, the role of the mother
seems to be influential for companion cats to become efficient hunters.
The length of time spent with the mother cat has an association with
predatory play as well. However to understand the mechanism for
developing skills to become efficient hunters, we need more controlled
experiments, especially with information about keeping conditions of
mother cats, and the playful interaction of the kittens with the mother
cat and siblings.
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