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Abstract

Many proposals for environmental enrichment are planned prioritizing the
changes in feeding conditions of animals. This occurs because of the richness
of sensory properties of food that motivates not only feeding behaviour and
foraging as well as exploration. Exploratory behaviour has been considered as
one of the possible indicators of animal welfare. However, in the specific case
of domestic cats, the knowledge related to this behaviour is still incipient.
Since cats are primary predators, it is expected that a food stimulus favors
exploratory behaviour exhibition. Thus, the present study aimed to evaluate
the effects of a food stimulus, in exploratory behaviour of captive-housed

domestic cats. It was used a piece of meat hanging from a rope in the center
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of the room where 42 adult cats lived together, and from this enrichment,
behavioural observations were made. The results suggest that in the presence
of the stimulus, not all animals exhibited exploratory behaviour, which is
possible related to individual differences in the behaviour of cats. It was noted
the possession of food resource by a few individuals, probably due to the
dominance hierarchy of the social group. In conclusion, this study provides
new information about the exploratory behaviour of domestic cats, contributing
to the studies on environmental enrichment and welfare of these animals.

Keywords: Environmental enrichment; felids; exploratory behaviour; food;

animal welfare.

Influéncia de um estimulo alimentar no comportamento exploratério

de gatos domésticos, Felis silvestris catus em cativeiro

Resumo

Grande parte das propostas de enriquecimento ambiental tem sido planejada
priorizando as modificacdes nas condicdes de alimentagcao dos animais. Isto
ocorre devido a riqueza de propriedades sensoriais do recurso alimentar que
motiva ndao sé o comportamento de alimentacao e forrageio como também a
exploracao. O comportamento exploratério tem sido considerado como um dos
possiveis indicadores de bem-estar animal. Todavia, no caso especifico dos
gatos domésticos os conhecimentos relacionados com este comportamento
ainda sdo incipientes. Ja que gatos sao predadores primarios, é esperado que
um estimulo alimentar favoreca a exibicao da exploracdo. Assim, o presente
estudo objetivou avaliar os efeitos de um estimulo alimentar na exibicdo de
comportamento exploratério dos gatos domeésticos. Utilizou-se um pedaco de
carne pendurado por uma corda no centro do recinto onde viviam 42 gatos
domésticos adultos e a partir deste enriquecimento, observagoes
comportamentais foram realizadas. Os resultados sugerem que na presenca do
referido estimulo nem todos os animais exibiram comportamento exploratério,

0 que se relaciona com diferencas individuais no comportamento destes
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felinos. Também foi observada a posse do recurso alimentar por apenas alguns
individuos, provavelmente devido a hierarquia de dominancia social do grupo.
Em conclusao, este estudo oferece novas informacdes a respeito do
comportamento exploratdrio de gatos domésticos, contribuindo com os estudos
voltados para o enriquecimento ambiental e o bem-estar destes animais.

Palavras-chave: enriquecimento ambiental; felinos; comportamento

exploratério; alimentos; bem-estar animal.

Introduction

Exploratory behaviour is defined as a group of standard physical actions
directed towards an unfamiliar or little-known object or environment (Berlyne,
1966). This behaviour aids in the collection of information (Hughes, 1997) and
allows individuals to optimize future reactions to similar events (Blanchard and
Canamero, 2006). Berlyne (1996) defends that curiosity motivates the
investigation of novel stimuli and encourages exploration. So, in captivity, a
lack of novelty will limit exploratory opportunities, and this may trigger
inactivity and abnormal behaviour, which is detrimental to animal welfare
(Hughes, 1997). Therefore, environmental enrichment techniques should be
employed to promote natural behaviour, including exploration.

Exploratory behaviour is fundamental in the felid behavioural repertoire,
because, by gathering information on its environment, an animal gains more
control over its situation. The relationship between animal welfare and
exploration was demonstrated in studies that noted reduced exploratory
behaviour in stressful situations (Carlstead et al., 1993). Under stressful
conditions, cats tend to exhibit hiding behaviour or become inactive, and
exploratory behaviour diminished (Rochlitz, 2002). Studies on environmental
enrichment regarding zoo-housed wild felids, have used exploration as one of
the main indicators of animal welfare (Carlstead et al., 1993; Shepherdson et
al., 1998). However, we must improve our understanding of exploratory
behaviour to be able to use it appropriately as a welfare indicator. Although we

have a relatively full understanding of exploratory behaviour in rodents and
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primates, our understanding in felids remains incomplete (Machado and
Genaro, 2010).

Because they are predators, felids exhibit more neophilic than neophobic
exploratory responses, (Tilson and Seal, 1987). In domestic cats, exploratory
behaviour is characterized by visual perception of the object, approximation,
sniffing, and/or touching the object, and slow movements around the object
(West, 1977).

Few studies have evaluated the influence feeding stimulusin the
exploratory behaviour of felids in captivity (Shepherdson et al., 1993; Mcphee,
2002; Wells and Egli, 2004). Stimuli related to prey and hunting behaviours
are likely to trigger a significant part of the behavioural repertoire of cats since
they are predators.

Food enrichment (fish) showed considerable effects on behaviour in the
fishing cat (Prionailurus viverrinus) (Shepherdson et al., 1993). Animals
showed reductions in urinary cortisol levels, stereotyped pacing, and sleeping
time and increased exploratory behaviour.

The present study aimed to extend our understanding of the influence of
feeding stimulation in exploratory activity in captive-housed domestic cats. The
results may have implications for increasing cat welfare in shelters. Our
general hypothesis was that feeding stimulus would promote exploratory
behaviour. However, we hypothesized an individual variation in the degree of
interaction with the food. Importantly, some studies have demonstrated that
factors like social hierarchy (Durr and Smith, 1997), sex (Hughes, 1968; Gray
and Buffery, 1971) and temperament (Powell and Svoke, 2008; Ellis, 2009)
could influence the exploratory behaviour of cats and other species. Thus, we

considered these aspects in the present study.
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Materials and Methods

Animals and study location

This experiment included 42 (19 male and 23 female) neutered, adult,
vaccinated cats of mixed-breed that were identified according to fur and eye
color. Most were abandoned when they were young, and found their way to a
private animal shelter, where they were treated for endoparasites and
ectoparasites and housed together from when they were kittens. The private
animal shelter was located in Ribeirdao Preto city, Sao Paulo state, Brazil. It
included a total fenced-in area of 1.250 m?2 for the animals, and it met the
requirements of the Animal Welfare Institute (Rochlitz, 2002). It included an
open-air structure, with a cement floor and a roof that covered
approximately 1/3 of the floor for protection from environmental elements, like
rain and wind. It also included shelves at different heights, hiding places,
and resting boxes and trunks. The study was conducted in a non-
covered area used by the cats. A veterinary doctor was responsible for the
sanitary control of the premises. The area was cleaned on a daily basis, and
animals had free access to cat food (pellets) and fresh water located at
multiple points in the enclosure. During experiment, the regular food and

water routine was not modified.

Experimental design

Based on previous studies, we presented meat to the animals by tying
300 g of raw beef to the end of a nylon rope and hanging it 30 cm above
ground level, allowing cats to grab and eat the meat. The study arena
consisted of a circular area, 2 m in diameter, delineated by a circle that had
been drawn on the floor with non-toxic, permanent paint in the original shelter
(not produced for the study). A 1-m2 area was drawn in the center of the
circular arena to delimit an area closer to the stimulus. Thus, the test arena
was part of the cats’ normal home range, not separate from their common

space. Cats were allowed to explore voluntarily, after the researcher had
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hung the food over the arena and left the study area. Video recordings were
initiated at 5 s after the researcher left the study area with a Samsung L100
digital camera attached to the side of the shelter. Videos were recorded
between 16:00 h and 17:00 h at a resolution of 8.2 megapixels. An average of
40 min elapsed before the cats consumed the hanging meat; thus, this 40-min
period was considered the study observation time. One observation period was

conducted each day for 7 days.

Observations

Video recordings were analyzed by the experimenter after all procedures
with a scan sampling method (Altmann, 1974). This method collected video
frames every 30 s, resulting in 80 scans/day. The observation parameters
were expressed as the number of animals that performed the behaviour. The
following behavioural parameters were measured: total number of cats located
within the arena, number of cats located inside the square area, number of
cats handling the food, looking at the food, engaged in allogrooming, engaged
in self-grooming, and present in the arena, but do not exhibiting any of the
target behaviours (i.e., ‘looking at another point’) (Table 1).

Observations were recorded on a spreadsheet, where rows corresponded
to the behavioural parameters and columns corresponded to each of the 80
video scans. Each cell recorded the number of cats that displayed the
behaviour in one scan. We used 7 spreadsheets, one for each day.

Exploratory behaviour was defined as the presence of an animal in the
study arena (Bergman and Kitchen, 2009), because presence in the area
represented neophilia. Table 1, constructed according to Mota and Reis (2009)
and Ellis and Wells (2010), lists the types of behaviour that we observed
during the study. Despite the fact that allogrooming and self-grooming were
not considered exploratory behaviours, they were analyzed, because domestic

cats may perform them after contact with food (Beaver, 1992).
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Table 1. Descriptions of cat behaviours observed during the feeding

stimulation (N = 42 cats)

Behaviour Description

Cat is present in the study arena and exhibit one of
the following types of behaviour: looking at food,
handling food, looking at another point; self-grooming,
and allogrooming.

Exploratory

Cat directs the head and eyes toward the food, while

Looking at food pacing or standing.

Handling food | Cat uses the mouth or the limbs to handle the food.

Although self-grooming is not an exploratory
behaviour, it is exhibited in the study arena, near the
food stimulus. The cat uses the tongue or the limbs for
self-grooming on any part of its own body.

Self-grooming

Although allogrooming is not an exploratory behaviour,
it is exhibited in the study arena, near the food
Allogrooming stimulus The animal rubs its tongue on any part of the
body of a companion. The groomed animal does not
behave agonistically.

Although the cat is present in the study arena, it is not
positioned near the stimulus and do not handle or look

Looking at at it. No other behaviour is noted, including
another point allogrooming and self-grooming. The animal is present
in the area, but is not directing attention to the
stimulus offered.

All the cats that are not present in the study arena are
Nonexploratory | disregarded in the analysis, as proposed by Bergman
and Kitchen (2009).
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This research was approved by the Research Ethics Committee of Centro
Universitario Bardao de Maua de Ribeirdo Preto, Sao Paulo, Brazil; registered
under number 130/2009.

Statistical analysis

For statistical analyses, we counted the number of animals that
performed each behaviour (Table 1) in the 80 video scans for each day. We
observed which animal exhibited each behaviour and the frequency. Data are
presented as mean [x] * standard error. Non-parametric evaluations of
untreated data were performed using Friedman (Fr) and Wilcoxon (Z) tests at
a 5% level of significance. Analyses were performed using Biostat 5.0 and
Microsoft ® Office Excel 2003.

Results

Based on the total number of animals in the enclosure (N = 42), between
9.67 and 21.87% of animals exhibited exploratory behaviour. The number of
exploring animals (x = 7.38 £ 0.07) changed during the experiment (Fr =
211.573; p < 0.0001). Fewer animals exhibited exploratory behaviour on first
day than on the last (7th) day (£ =4.758; p < 0.0001).

The number of animals that exhibited ‘handling food’ (x = 1.46 £ 0.02)
also varied during the experiment (Fr = 120.367; p < 0.0001). Fewer animals
exhibited this behaviour on the first day than on the last day (Z =5. 214; p <
0.0001) (Fig. 1).

We observed that the same individuals dominated food ownership. This
was determined by combining the parameter ‘handling food’ with the identity
of the animals positioned in the central area of the study arena. Five cats took
turns in handling food, but two (a male and a female) dominated most of the

time. Agonistic behaviour was not detected.
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The number of animals that exhibited ‘looking at another point’ changed
(x= 2.97 £ 0.06) (Fr = 82. 688; p < 0.0001) during the experiment. The
number was lower on day 1 than on day 7 (Z =3.943; p < 0.0001) (Fig. 1).

A small humber of animals exhibited ‘looking at food’ (x = 2.54 = 0.07;
Fig. 1). This number varied during the experiment (Fr = 89. 000; p < 0.0001),
with a lower number exhibiting this behaviour on day 1 than on day 7 (Z =5.
302; p < 0.0001).
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Fig. 1 Exploratory behaviour during feeding stimulation: The means =
standard errors are shown for the number of cats that responded to the food
stimulus by handling, looking at the food, looking at another point, and self-
grooming. The means are based on the average number of animals present in
the study arena each day. (Friedman and Wilcoxon tests; Biostat 5.0, Brazil,
and Microsoft ® Office Excel 2003, USA. The p value <0.05 was regarded as
significant and marked as * for significant increase in the number of animals
displaying the behaviour and ** for significant reduction in the number of

animals displaying the behaviour).
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Self-grooming was recorded for very few individuals (x = 0.39 £ 0.02),
but it also varied during the experiment (Fr = 18. 000; P = 0.0049). Day-to-
day comparisons revealed some differences, but comparison between days 1
and 7 (Z =3.428; P = 0.0006) showed a decline in this behaviour over time
(Fig. 1), although the number of cats present in the arena between days 1 and
7 has increased significantly (Z =4.758; p < 0.0001). Allogrooming was
absent.

Among the behaviours recorded, ‘looking at another point” was the most
statistically significant, until the fifth day. On the sixth day, there was no
difference between ‘looking at another point’ and ‘looking at food’ (Z =1. 713,
p = 0.086). On the seventh day, ‘looking at food” was more frequent than the
other types of behaviour (Fig. 1).

Discussion

The present study aimed to evaluate the effects of feeding stimulus on
exploratory behaviour in captive-housed domestic cats. We showed that a
small number of cats exhibited exploratory behaviour, which suggested
dominance of item ownership. Five cats appeared to take alternate ownership
during the experiment days. Two cats dominated the food in alternation, or
they shared with each other. The other three cats did not dispute the item, but
exhibited ‘looking at food’, ‘looking at another point’, or ‘self-grooming’. The
latter three cats only explored when the two dominant animals had abandoned
the food. Thus, we saw two rankings of interaction: the first consisted of the
two dominant cats, and the second included the three less-dominant cats.

For cats, hierarchy depends on context (Durr and Smith, 1997).
According to Crowell-Davis et al. (1997), social hierarchy is a ritualized,
adaptive relationship that minimizes conflicts within the group. Therefore, cats
do not maintain a hierarchy via aggressive behaviour, but possibly via signals
of social status. Although the present study did not conduct tests of
dominance, we hypothesized that there was an established social hierarchy in

the group studied, because these same cats had lived together from
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kittenhood. Thus, the dominance held over the resource pointed to which cats
were the most dominant in the social hierarchy since socially dominant cats
use to have priority of access to preferred recourses over subordinate cats.
However, this must be confirmed in future studies with specific tests
measuring, for example, the access to daily food and body positions in relation
to another cat such as ear and tail (Crowell-Davis et al., 2004).

Previous studies on different kinds of captive-housed animals have
demonstrated individual preferences during feeding enrichment (Bradshaw et
al., 2000; Morimura and Ueno, 1999). Powell and Svoke (2008) also stated
that feeding enrichment can allow detection of individual preferences. Ellis
(2009) has articulated that cat temperament should be considered during the
design of environmental enrichment; the experimenter should verify which
techniques are best for active, passive, frustrated, and anxious animals. Our
proposed feeding enrichment appeared to be appropriate for active animals,
which tend to have a low level of neophobia.

During most of the study period, the number of animals exhibiting
‘looking at another point’ was higher than the number of animals that
displayed any other type of behaviour. This behaviour does not appear to be
an active form of exploration; however, in this study, an animal’s presence in
the test arena was taken as evidence of motivation for exploratory behaviour
compared to an absence from the arena. Cats that remained absent from the
arena might have had higher levels of neophobia (Hughes, 1997), passive or
anxious temperaments (Ellis, 2009), or low hierarchic positions (Durr and
Smith, 1997).

We did not detect allogrooming, probably because the context did not
promote this behaviour. According to Van den Bos (1998), allogrooming
redirects aggressive tendencies. We did not observe any potential aggressive
behaviour that might have prompted allogrooming. According to another
hypothesis, allogrooming can maintain positive social relations between pairs
of individuals (Van den Bos 1998). We did not expect this to occur in the

present study, because the animals were focused on a non-social situation.
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Self-grooming was exhibited by fewer cats. This behaviour removes old
fur, regulates temperature, spreads body scent, controls ectoparasites (Tabor,
2003), and relieves tension (Beaver, 1992). Animal attention to other activities
could explain the lack of body maintenance behaviour. Nevertheless, the few
animals that showed self-grooming may have done so in order to alleviate the
tension of waiting for an opportunity for exploration. Animals that had explored
may have self-groomed to remove meat fragments that remained on their fur.

Based on these observations, it could be suggested that this technique
was not particularly suitable for promoting exploration or a big group of captive
cats, because very few animals demonstrated this behaviour. However, we
believe that the exploratory behavior was stimulated for at least those few
animals. We recommend feeding enrichment as a technique that can promote
exploration, but we suggest that several identical feeding stimuli should be
placed concurrently, in randomly distributed locations, as suggested previously
(Ellis and Wells, 2010). This would offer more exploratory opportunities for a
larger number of individuals, and it may reduce the effects of hierarchy and
individual differences in temperament.

In conclusion, we would like to emphasize that the number of cats
housed in confined spaces has risen as a result of many changes in society,
including increased apartment living, reduced access to outdoors, and
increased numbers of stray cats living in shelters. Space restriction is typically
accompanied by lower environmental quality, with consequent loss of the
behavioural repertoire of felids. Cats tend to become inactive under stressful
conditions, and reduce their exploratory behaviour. This study demonstrated
that feeding stimulus, enhanced the exploratory behaviour of some captive-
housed cats. However, the influences of social hierarchy and personality should
be further investigated. Our experiment showed that food enrichment may be
useful for detecting exploratory behaviour, as suggested by Powell and Svoke
(2008). We also showed that cat temperament and social hierarchy may
interfere with exploratory motivation, which corroborated the findings of Ellis

and Wells (2010). Our results reinforced the findings of other authors and
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contributed with new data to the field. These data are expected to increase the
understanding of how exploratory behaviour relates to the welfare of domestic
cats in captivity. We have also pointed to the possible influence of dominance
hierarchy in exploratory behaviour; therefore, we encourage further research

to increase the understanding of this relationship.
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