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Abstract

Objectives The objective of this study was to collect information from cat owners about the frequency of conflict
and affiliative signs in their households in order to: (1) assess correlations with the owners’ ratings of household
cat-cat harmony; and (2) determine if relationships exist between household variables, cat population variables
and behavior frequencies.

Methods Responses to an online survey of adult residents of the USA who were the primary caregiver of 2—4 indoor
or indoor—outdoor cats were included in the analysis. Spearman’s correlations and y?2 tests were used to compare
behavior frequencies with household and cat population variables.

Results Of 2492 owners of multiple cats, 73.3% noted conflict signs from the very beginning when introducing the
cats. The more cats in the house, the more frequent the conflict signs. Staring was the most frequently observed
conflict sign, occurring at least daily in 44.9% of households, followed, in order of decreasing frequency, by chasing,
stalking, fleeing, tail twitching, hissing and wailing/screaming. Hissing occurred at least daily in 18% of households.
Affiliative signs were observed more frequently than conflict signs. Physical contact between cats was observed
at least daily in around half of the multi-cat households. Higher harmony scores were correlated with less frequent
conflict signs and more frequent affiliative signs. No household or cat population variable, including home size or
numerically adequate resources provision, was strongly predictive of the frequency of conflict or affiliative signs.
Conclusions and relevance This is the first large-scale online survey to obtain frequencies of conflict and affiliative
behaviors and compare them with factors linked to the cats or the home settings. The study confirmed that feline
relationships are correlated with the owner’s perceived impression of the initial introduction, but other household
factors and cat population variables included in the study were not strongly predictive of the frequency of conflict
or affiliative signs.
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Introduction

Domestic cats are a popular pet in the USA and the
interest in their welfare is growing. In 2017-2018, the
American Pet Products Association estimated that 38%
of US households owned at least one cat, with an aver-
age of two cats owned per household.! Multiple studies

few studies have documented the frequency of these
behaviors in a larger sample size of typical households

have correlated stress, living in multi-cat households,
intercat conflict and an increased risk of feline idiopathic
cystitis and periuria (house-soiling).28

Although several studies exist documenting the
occurrence of affiliative and conflict behaviors in a small
group of cats or groups in shelters or laboratory settings,
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or correlated these frequencies with the owner’s general
overall impression of relationships within the house-
hold.>-* A survey by Voith and Borchelt in 1986 included
887 questionnaires of cat owners waiting for care at one
of four veterinary clinics on the East Coast, USA. The
survey reported the frequency of affiliative and conflict
behaviors, but included a relatively small sample size
and did not report household factors that may affect
these frequencies.!>1¢ A retrospective study of cats pre-
sented to a behavior service for treatment of intercat
aggression found that male cats were more likely to be
the initiators of aggression than female cats, but the
aggression was equally likely to be directed at a same sex
as an opposite-sex housemate.l” Other factors docu-
mented or hypothesized to affect the intercat relation-
ships in a household are relatedness, available resources
and the personalities of the cats in the household.!81°

Analysis of relationships of cats within a household
presents a complex problem, with potential interactions
between multiple variables. Bayesian networks have
successfully been used in human health and epidemiol-
ogy research as a graphical model to analyze multiple
variables and their interdependence, while decreasing
the risk of false positives owing to the large number of
variables.?02! In the context of this research, a Bayesian
network was used to build a predictive model regarding
the affiliative and conflict behavior frequencies and to
select the key factors with the most important probabil-
istic relationships with those two responses.

In order to assess the impact of intercat relationships
on the stress and welfare of cats, a first step is to identify
the frequency of affiliative and conflict behaviors in “typi-
cal’ multi-cat households. The goal of the present study
was to collect information from owners about how often
they observed specific conflict and affiliative behaviors in
their households in order to: (1) see if the frequency of
specific behaviors correlated with the owners’ overall
general assessment of household cat-cat harmony; and
(2) determine if relationships exist between household
factors and frequency of behaviors. We hypothesized that
as the number of cats in a household increased, the fre-
quency of conflict behaviors would increase, and an
increase in the frequency of conflict behaviors would be
correlated with a decrease in the frequency of affiliative
behaviors.

Materials and methods

A survey was developed by the authors to collect infor-
mation from owners regarding the frequency of affilia-
tive and conflict behaviors noted between their cats on a
household level. Additional information was gathered
to assess the impact of demographics, resources, person-
ality and introductions on these frequencies. Households
in the USA with 1-4 indoor or indoor—outdoor cats cur-
rently living in the home were targeted through postings

on social media and flyers distributed at veterinary clin-
ics and veterinary conferences. Participating cat owners
who were the primary caregiver of at least one cat in the
house are subsequently referred to as respondents. The
survey was anonymous; no personal information was
collected from the respondents and completion of the
survey implied consent.

The survey was hosted online on the Survey Monkey
platform. The survey included multiple choice or Likert-
scale questions with options to enter additional informa-
tion on some questions. Household-level questions on
conflict and affiliative behaviors, and overall household
harmony were adapted from the Oakland Feline Social
Interaction Scale (OFSIS).?2 The OFSIS is a questionnaire
developed to measure the incidence, frequency and
intensity of 12 cat—cat interactions reflecting conflict
between cats. Before opening the survey to respondents,
the survey was pre-tested with a small group of cat own-
ers to test the usability of the platform, question flow
and content. These pre-test data were not included in the
analysis as minor changes were made to the survey fol-
lowing testing. Demographic information, resources and
frequency of cat—cat conflict and affiliative behaviors
were collected at the household level. All other questions
were asked about each cat in the household, so the length
of the survey depended on the number of cats in
the household (range 28-73 questions). The amount of
time to complete the survey ranged from 5 to 30mins.
The survey was available from 30 November 2016 to
14 March 2017. Survey questions can be found in
Appendix 1 in the supplementary material.

Respondents were exited from the survey if they were
younger than 18 years of age, did not own at least one
indoor cat, did not live in the USA, or lived in house-
holds with more than four indoor cats or more than four
dogs. All questions in the survey required an answer.
Surveys that were started but not completed, or included
cats living only outdoors, were excluded from analysis.
Owners with only outdoor cats were excluded from the
survey owing to concerns that they were less likely to be
present during their cat’s interactions. Households with
up to four cats comprise 95% of feline households in the
USA and even more in several European countries (Ceva
unpublished market research, 2014). Based on expected
survey completion rates, the ability to collect sufficient
sample sizes to allow for analysis of households with
more than four cats was unlikely and the results of these
larger households would not be broadly generalizable to
the average feline household in the USA; therefore, the
survey was restricted to households of four cats or fewer.
Similarly, households with more than four dogs were
excluded as they represent <1% of dog owning house-
holds in the USA and other countries, and also owing to
concerns that the presence of more dogs would affect the
interactions of the cats in the house.?
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The survey included nine sections: owner demo-
graphic information; resources; cat demographic and
owner bond to cat; harmony questions; reactions and
interventions when cat added to the home; personality
and biting history; current behavior problems; affiliative
and conflict behavior frequencies; and conflict interven-
tions. The data collected in the large survey were
too extensive to be discussed fully in one paper, so the
decision was made to limit the scope of this paper to
behaviors of conflict and aggression and factors that
may affect these behaviors. The sections of the survey
used in this study are described in more detail below.

Household descriptive data collected included the
size and type of house, and the quantity of litter boxes,
feeding stations and scratching posts in the house.
Respondents were asked to list the names of their cats,
starting with the cat that had lived in the house for the
longest period followed by the most recent additions. If
cats were added at the same time, the respondent chose
which cat to list first. This allowed us to look at any effect
of the order of addition into the house on the cats’
relationships.

Individual cat information collected included sex,
age category, breed, neuter status, declaw status, life-
style, current chronic or debilitating health problems,
acquisition information and current behavioral prob-
lems. Respondents were asked to rate on a scale of 1-5
how well the two descriptions, ‘active and curious’,
and ‘sedentary and shy’, described each of their cats.

Respondents were asked to choose the observed fre-
quency of specified affiliative and conflict behaviors in
five categories: several times a day; daily; weekly; once
a month or less; and never. The frequencies of these
behaviors may vary from cat to cat in the house, but the
questions were asked about the frequency of the behav-
iors in the household, so the frequency of each cat’s
behavior was added together and reported by the
respondent as a household summation. Affiliative cat—
cat behaviors included nose-touching, sleeping in the
same room, sleeping while touching and allogrooming.
The cat-cat conflict behaviors assessed were staring,
stalking, chasing, fleeing, hissing, wailing or screaming
and twitching of the tail. Respondents were asked to
rate the cat-cat harmony in their house on a 5-point
Likert scale. This rating is subsequently referred to as
the harmony score. For the introduction of each cat to
the house, the respondent was asked to choose which
description was the best fit: ‘the introduction went well’
or ‘the introduction did not go well’.

Prior to data analysis, the individual cat data were
used to calculate household-level variables (expressed as
percentages) for each household. For example, the per-
centage of females was calculated by dividing the number
of female cats by the total number of cats in the house-
hold. An “active and curious’ score and a ‘sedentary and

shy’ score for the household were calculated by averaging
the scores for all cats in the household. Surveys where the
respondents answered that they preferred not to answer
the home size question (n=45) were not included in
home-size analyses.

Resource allocation was divided into two categories,
households providing a recommended quantity of the
resource vs households not providing an adequate quan-
tity of resources. Adequate was defined as a quantity of
litter boxes equaling the number of cats plus one and a
quantity of food stations or bowls and scratching posts
equal to the number of cats in the house.?32

To visualize the inter-relationships in the data, an
unsupervised Bayesian network using a maximum
weight spanning tree algorithm was performed with all
variables. Using this network, a clustering analysis was
carried out to identify latent variables (called factors).
Finally, an unsupervised Bayesian network using a
Taboo algorithm was built on top of those latent varia-
bles to have a final probabilistic structural equation
model. The algorithm cut the numerical values into
classes to find the probabilistic relationships among the
variables. If two nodes had no path between them it
meant that knowledge of the state of one variable pro-
vided no information on the state of the other variable,
and so they were considered independent. Variables
contributing <20% of the conditional dependence were
also removed from the model in order to keep only the
most important effects in the analysis. The Pearson’s
coefficient was calculated for remaining nodes.

Although the Bayesian network model did not indi-
cate a >20% contribution of any of the cat or household
variables, more traditional statistics were pursued to
elucidate if any variables had a small, yet statistically
significant, relationship with conflict or affiliative signs
and to confirm the findings of the Bayesian network
analysis. Variables included in the further analysis were
chosen to minimize replication of key concepts but
included variables that intuitively may be related to
intercat conflict based on our clinical experience and the
current literature. For example, in the entire survey,
questions were asked about the number of litter boxes
in the house, how many different rooms contained a lit-
ter box and how many different floors contained a litter
box. This question was asked to help identify trends in
resource allocation, as many owners report multiple lit-
ter boxes but fail to understand that the relative place-
ment of these is an important factor in their use. In the
statistical analysis below, the number of litter boxes in
the house was included, but the number of rooms and
floors with litter boxes was excluded to avoid inclusion
of data that replicated key concepts and that are not
independent of each other.

Shapiro-Wilk tests were conducted for all scale vari-
ables and descriptive statistics calculated for all other
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variables. This analysis showed that the distributions of
the data were significantly different from a normal dis-
tribution, so tests that do not require normality were
used for analysis (Spearman’s correlation and y? test of
independence).

A Spearman’s correlation analysis was conducted to
assess if a relationship existed between the frequencies
of conflict and affiliative signs vs harmony scale, as well
as relationships between conflict and affiliative signs.
The assumption of monotonicity was assessed graphi-
cally with a scatterplot prior to analysis. Significance
was set a priori at P =0.05, using a two-tailed test.

Relationships between each household factor and the
frequencies of conflict and affiliative signs were assessed
with Spearman’s correlation for ordinal or scale variables
and a y? test of independence for nominal variables. All
tests were two-tailed. As multiple analyses were con-
ducted on the same dependent variables, a Bonferroni
correction was conducted on the original P <0.05 with 20
analyses per dependent variable to decrease the risk of a
type I error. The corrected P <0.0025 with a critical value
for Spearman’s correlations of 0.061 was set as the level of
significance. Cohen’s standard was used to evaluate the
strength of the relationships, where coefficients between
0.10 and 0.29 represent a small effect size, coefficients
between 0.30 and 0.49 represent a moderate effect size
and coefficients >0.50 indicate a large effect size.?>

Bayesian network analysis was performed using
Bayesialab 8.0. All other analyses were completed with
Intellectus Statisticus.?

Results

Of the 5978 surveys started, 1127 respondents were
exited from the survey for not meeting the inclusion cri-
teria (four were <18 years old, 51 did not have an indoor
cat, 356 lived outside the USA, 623 had =5 cats, 98 had
>4 dogs). Of the surveys completed, 928 were excluded
because the respondent started but did not finish the
survey, and a further three were excluded because they
contained outdoor-only cats.

For the 3920 responses that met the inclusion criteria,
1428 (36.4%) respondents owned one cat, 1424 (36.3%)
owned two cats, 689 (17.6%) owned three cats and 379
(9.7%) owned four cats. Female respondents comprised
94.2% (n=3693) of the completed surveys, 4.3% (n =169)
of the respondents were male and 1.5% (n = 58) preferred
not to answer. The data reported below are restricted to
the 2492 multi-cat households (6431 cats).

Affiliative and conflict behaviors

The signs of conflict behavior between housemate cats,
from the most to the least frequently displayed, are pre-
sented in Table 1 and were stare, chase, stalk, flee, twitch
tail, hiss and wail /scream. The most abundant frequency
category for each behavior was: daily for stare, chase
and stalk; weekly for flee and twitch tail; and never for
hiss and wail /scream.

Of 2492 households with multiple cats, 12.3% (n = 307)
reported that these signs of conflict never occured
between their cats. Of the 2185 households that reported
some of the signs, 73.3% (n=1602) of owners noted
them from the very beginning when introducing the
cats, 23.6% (n=>515) noted that their cats’ relationships
changed gradually and 3.1% (n=68) noted that their
cats’ behavior changed abruptly (Figure 1).

For households reporting conflict, the evolution of the
conflict signs over time was described as maintaining
the same frequency for 50.6% of the cases (n=1115),
becoming less frequent in 46.2% (n=1019) and only
3.2% being more frequent over time (70 households).
These tendencies were similar, regardless of the number
of cats in the home: conflict maintained the same fre-
quency (53%, 51%, 44% for the two-cat, three-cat and
four-cat households, respectively), became less frequent
(44%, 46% and 52%, respectively) and was more frequent
over time (3%, 3% and 4%, respectively).

The signs of affiliative behavior between housemate
cats are presented in Table 2, from the most to the least
frequently displayed. Physical contact between cats
was observed at least daily in around half of the

Table 1 Frequency of cat—cat conflict behaviors noted in any of the cats in the multi-cat household in response to

housemate cats (n = 2492)

Conflict behaviors Several times aday  Daily
Stare 329 (13.2) 789 (31.7)
Chase 307 (12.3) 789 (31.7)
Stalk 234 (9.4) 638 (25.6)
Flee 190 (7.6) 560 (22.5)
Twitch tail 152 (6.1) 476 (19.1)
Hiss 109( 4) 340(13 6)
Wail/scream 41 (1.6) 91(3.6)

Data are n (%)

Weekly Monthly or less Never

546 (21.9) 354 (14.2) 474 (19.0)
700 (28.1) 341 (13.7) 355 (14.2)
627 (25.2) 390 (15.7) 603 (24.2)
615 (24.7) 455 (18.3) 672 (27.0)
686 (27.5) 563 (22.6) 615 (24.7)
565 (22.7) 733 (29.4) 745 (29.9)
206 (8.3) 425 (17.1) 1729 (69.4)
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= From the very beginning when
introducing cats

= Cats' behavior changed gradually

= Cats' behavior changed abruptly

Figure 1 Initiation of conflict between cats

multi-cat homes. The affiliative behaviors from the
most to the least frequently displayed were sleeping in
the same room as another cat, grooming another cat by
licking around the head or ears, sleep-touching with a
housemate cat and nose-touching with a housemate
cat. The most abundant frequency category was several
times a day for all affiliative behaviors except nose-
touching, which was daily.

Spearman’s correlation analysis was conducted to
determine if relationships existed between the frequency
of conflict and affiliative signs. Table 3 is a Spearman’s
correlation matrix reporting the Spearman’s correlation
(r;) for these relationships. A Spearman’s correlation
value can range from -1 (indicating a perfect negative
correlation) to +1 (indicating a perfect positive correla-
tion). A correlation of zero indicates no relationship
between the variables. The statistically significant corre-
lation values are shown in bold in Table 3. Significant
positive correlations were observed between each con-
flict sign, indicating that as the frequency of one conflict
sign increases, so does the frequency of the other con-
flict sign. A similar positive correlation was observed
for affiliative signs. Weak correlations were observed
between some pairs of affiliative and conflict signs, most
notably a negative correlation between the conflict signs
flee and hiss, and all affiliative signs, and a positive

correlation between chase and all affiliative signs except
sleep-touching.

Reported conflict and affiliative signs and

reported intercat aggression

In 421 households (16.9% of surveyed households), own-
ers reported intercat aggression as a problem they were
experiencing with their cats. The mean = SD number of
cats was slightly higher for households with reported
intercat aggression (2.90 % 0.80; SEM =0.04) vs house-
holds without reported intercat aggression (2.51 =0.71;
SEM = 0.02).

To validate that the frequency of conflict signs would
be higher in households reporting intercat aggression,
the percentage of cats in the house reported to have
intercat aggression was compared with each of the con-
flict signs. Positive correlations were observed between
the percentage of cats with intercat aggression in a
household and conflict signs: stare (r,=0.28), chase
(ry=0.24), stalk (r,=0.30), flee (r,=0.35), twitch tail
(ry=0.28), hiss (r,=0.40) and wail/scream (r,=0.35).
Negative correlations were observed between the per-
centage of cats with intercat aggression and affiliative
signs, but although the correlations were statistically sig-
nificant, they were small in absolute value indicating a
weak relationship: nose-touching (r, =-0.11), allogroom-
ing (r,=-0.11), sleeping in the same room (r,=-0.10)
and sleep-touching (r,=-0.11). P values for all correla-
tions with intercat aggression were P <0.001. These cor-
relations indicate that as the percentage of cats in a
household with intercat aggression increases, the fre-
quency of conflict signs increases and the frequency of
affiliative signs decreases slightly.

Reported harmony score and conflict and

affiliative signs

The harmony score for each household was compared
with each of the conflict signs. Negative correlations were
observed between the harmony score and frequency of
conflict signs: stare (r;=-0.28), chase (r,=-0.19), stalk

Table 2 Frequency of cat—cat affiliative behaviors noted in any of the cats in the multi-cat household in response to
housemate cats (n = 2492)

Data are n (%)
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Table 3 Spearman’s correlation matrix among conflict and affiliative sign frequencies

The critical value is 0.061 for a significance level of P <0.0025 used on a Bonferroni correction with 20 analyses per dependent variable. The

values in bold meet this significance level

(ry=-0.27), flee (r,=-0.40), twitch tail (r,=-0.35), hiss
(r,=-0.48) and wail/scream (r, =—0.31). The conflict signs
with a moderate effect size were flee, twitch tail, hiss
and wail/scream. Positive correlations were observed
between the harmony score and frequency of affiliative
signs: nose-touching (r,=0.33), allogrooming (r,=0.38),
sleeping in the same room (r,=0.31) and sleep-touching
(rs=0.39). P values for all correlations with intercat
aggression were P <0.001. These correlations indicate that
higher harmony scores (as perceived by the respondents)
are correlated with a decreased frequency of conflict signs
and an increased frequency of affiliative signs.

Household and cat population variables
Descriptive statistics for the household and cat popula-
tion variables that were analyzed are listed in Tables 4
and 5. Resources are listed as households providing a rec-
ommended quantity of the resource (yes) vs households
not providing an adequate quantity of resources (no)
based on the number of cats in the household. An ade-
quate quantity was defined as a quantity of litter boxes
equaling the number of cats plus one and a quantity of
food stations or bowls and scratching posts equal to the
number of cats in the house.?*? Individual cat demo-
graphic data (vs pooled by household) and resources pro-
vided listed by number of cats in the house can be found
in Appendices 2 and 3 in the supplementary material.
Household variables (as defined in Table 4) and the
frequency of each conflict sign were compared with a %2
test of independence. The results of the y? tests between
conflict signs and home size were not significant, nor
were the results comparing conflict signs and an

adequate quantity of resources. The observed frequencies
were not significantly different than the expected fre-
quencies, indicating that conflict signs are independent
of providing adequate quantities of resources. Adding a
new cat to the house within the past 6 months was related
to the frequency of all conflict signs except staring. The
observed frequencies of the conflict signs were higher
than expected frequencies for ‘daily” and ‘several times a
day’ in households that added a cat within the past
6 months. Table 6 presents the results of the > tests. Tables
for observed vs expected frequencies of y? tests can be
found in Appendix 4 in the supplementary material.

Cat population variables and the frequency of conflict
signs were compared using a Spearman’s correlation. The
strongest relationships found between cat population var-
iables and conflict signs were with the number of cats, age
of the cats (young or senior), personality (‘active and curi-
ous’ and ‘shy and sedentary’ scores) (Table 7). Although
the values in bold in Table 7 are statistically significant,
these correlations were relatively low in absolute value.

Household variables and the frequency of each affili-
ative sign were compared with a y? test of independence.
The results of the y? test between affiliative signs and
home size were not significant. Providing an adequate
quantity of litter boxes and food stations was related to
a decrease in the frequency of allogrooming, sleeping
in the same room and sleep-touching, but not nose-
touching. A relationship was also observed between
allogrooming and sleep-touching and adding a cat to
the house in the past 6 months. The observed frequencies
of allogrooming and sleep-touching were higher than
expected frequencies for ‘daily’ and ‘several times a



Elzerman et al

711

Table 4 Household variables (n = 2492 multi-cat
households)

Table 5 Cat population variables reported as a
percentage of cats in the household meeting the
description

day’ in households that added a cat within the past
6 months. Table 8 presents the results of the y? tests. Tables
for observed vs expected frequencies of %2 tests can be
found in Appendix 5 in the supplementary material.

Cat population variables and the frequency of conflict
signs were compared using a Spearman’s correlation. The
strongest relationships found between cat population var-
iables and affiliative signs were with number of cats, life-
style (indoor—outdoor), sex and age of the cats, length of
time in house and personality (‘active and curious” and
‘shy and sedentary’ scores) (Table 9). Although the values
in bold in Table 9 are statistically significant, these correla-
tions are relatively low in absolute value.

The introduction of the second cat into a two-cat
household was examined to see if there was a difference

in the frequency of conflict and affiliative behaviors in
households where ‘the introduction went well” vs ‘the
introduction did not go well’. There was a statistically
significant relationship between the introduction de-
scription and all current conflict and affiliative signs
except chase. Table 10 presents the results of the y? tests.
Conflict signs occurred more frequently and affiliative
signs less frequently in households where the introduc-
tion did not go well than in households where the intro-
duction was described as going well. Tables for observed
vs expected frequencies of the %2 tests can be found in
Appendix 6 in the supplementary material. As an exam-
ple of this relationship, Figure 2 compares the frequency
of nose-touching in households where (a) ‘the introduc-
tion went well” vs households where (b) ‘the introduc-
tion did not go well’.

Bayesian network analysis

A Bayesian network model (Figure 3) was used to iden-
tify clusters of variables, take into account the inter-
dependence between the parameters, identify key
parameters and characterize the relationship between all
variables collected during the study. Four clusters were
identified by the Taboo algorithm: one affiliative factor;
two conflict factors; and one personality factor.

The key variables that characterized the affiliative fac-
tor were sleeping in the same room (22.1% contribution),
allogrooming (48.7% contribution) and sleep-touching
(29.2% contribution), with allogrooming being the most
important. The conflict variables can be divided into two
main clusters of signs: one characterized by fleeing
(34.7% contribution) and tail twitch (65.4% contribu-
tion); and the second characterized by stalking (40.2%
contribution) and chasing (59.7% contribution).

As indicated by the descriptive analysis, there is a
relationship between conflict and affiliative behaviors,
but the relationship is weak. The flee/tail twitch conflict
factor and the affiliative factor are directly connected to
each other indicating that frequency of fleeing and tail
twitching are predictive of the value of the affiliative fac-
tor, but the connection is not strong (overall contribution
in the network of 0.2%). No household or cat population
variable was strongly predictive of the frequency of
conflict or affiliative signs. A higher active score was
predictive of a higher affiliative factor, confirming
the relationship noted by Spearman’s correlation.

Discussion

These findings confirm that an increase in conflict
behaviors does correlate with a decrease in affiliative
behaviors for most of the included behaviors except
chase. More frequent chase might not be correlated
with a decrease in affiliative behaviors because it may
be difficult to distinguish pursuit from play-related
chase. In the sections of the survey where owners could



712

Journal of Feline Medicine and Surgery 22(8)

Table 6 x? test of independence among conflict sign frequency and household variables

Significance level of P<0.0025 based on a Bonferroni correction with 20 analyses per dependent variable. The values in bold meet this

significance level
df = degrees of freedom

Table 7 Spearman’s correlation among conflict sign frequency and cat population variables

The critical value is 0.061 for significance level of P<0.0025 used on a Bonferroni correction with 20 analyses per dependent variable. The
values in bold meet this significance level

add comments, some owners mentioned that they con-
sidered their cats chasing each other to be a play behavior
rather than a conflict-related one. Owners may struggle
to distinguish low-level conflict from light play.
Compared with the extensive numbers of behaviors
encompassed by comprehensive ethograms, such as
Stanton et al” and Cameron-Beaumont,?® this survey
focused on a narrow subset of conflict and affiliative
behaviors. Despite the limited number of behaviors in-
cluded, there was a correlation between owner-reported

intercat aggression and the conflict and affiliative behav-
iors selected, indicating that a subset of some key behav-
iors may be able to be examined to assess the presence of
intercat conflict.

Higher harmony scores were associated with a lower
frequency of conflict signs and a higher frequency of
affiliative signs. This confirms that owners were able to
rate the overall harmony of the cat—cat relationships in
their house but may be more aware of overt conflict
signs vs subtle signs, as the highest negative correlation
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Table 8 x2test of independence among affiliative sign frequency and household variables

Significance level of P<0.0025 based on a Bonferroni correction with 20 analyses per dependent variable. The values in bold meet this

significance level
df = degrees of freedom

Table 9 Spearman correlation among affiliative sign frequency and cat population variables

The critical value is 0.061 for a significance level of P<0.0025 based on a Bonferroni correction with 20 analyses per dependent variable. The
values in bold meet this significance level

between harmony score and a conflict sign was found
for hissing instead of the more frequent signs of stare,
chase, stalk, flee and twitch tail.

Cat population variables and conflict or affiliative
behaviors that were significantly correlated exhibited
only a weak relationship. Subtle differences emerged,
indicating that in young or adult households, conflict
may be more active and include chasing and stalking,
whereas these behaviors are less common in mature or
senior cat households.

Personality measures have been suggested as a
method to improve cat welfare by grouping compatible
cats in multi-cat households.” In this study, ‘sedentary
and shy’ cats were more likely to flee, stare and hiss than
‘active and curious’ cats. Evaluation of feline personality
utilizing recently published models of feline personality,

either the ‘Feline Five” described by Litchfield et al, or
the six dimensions described by Bennett et al,** and the
effects of personality of conflict signs would be an inter-
esting area for further investigation.

It was surprising this survey found that providing
an adequate quantity of food, litter box and scratching
resources was not related to the frequency of conflict
signs, as providing an adequate quantity of resources
is a common recommendation for households with
intercat conflict. Other studies have found that cats have
preferences for litter box size and type, if the box was
previously used and litter type, so these factors may be
more important than the quantity of boxes provided.3!-3>
Other resources not examined by this survey, such as the
provision of resting locations and hiding locations, may
also be important and affect the frequency of conflict
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Table 10 x? test of independence among conflict and affiliative sign frequency and introduction of the second cat into a
two-cat household (n= 1424)

Significance level of P<0.0025 based on a Bonferroni correction with 20 analyses per dependent variable. The values in bold meet this

significance level
df = degrees of freedom

- 4
4

® Once a month or less

m Never

® Weekly

(b)

e

m Daily

m Several times a day

Figure 2 Frequency of nose-touching behavior in households where (a) ‘the introduction went well’ vs households where (b)

‘the introduction did not go well’

behaviors, and their omission is a limitation of this
study. In contrast to the conflict behaviors, allogroom-
ing, sleeping in the same room and sleep-touching were
decreased in frequency in households providing an
adequate quantity of litter boxes and food stations.
Although house size was not related to the frequency of
these affiliative signs, providing a greater quantity of
resources may indicate more space for the cats to utilize
and therefore fewer interactions. A future study could
analyze resource allocation, space usage, and the corre-
lations with frequency and character of interactions.

Signs of conflict were most likely to occur from the
very beginning when introducing a new cat. The charac-
terization of the introduction as ‘went well” or ‘did not
go well’ correlated with the current frequency of conflict
and affiliative signs. If the introduction ‘went well’, more
frequent affiliative signs and less frequent conflict signs
were noted than in households where the introduction
‘did not go well’. Adding a new cat to the house in the
past 6 months was related to the frequency of all conflict
signs except stare. This is consistent with the findings of
Levine et al® that the owner’s perception of how the
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Figure 3 Bayesian network model for the relationship between household and cat population variables. Variables with less

than a 20% contribution were removed

initial introduction went may be predictive of the quality
of the cat—cat relationships in the house in the first year.
A future direction in the study of intercat conflict could
be to look at the evolution of conflict signs over time to
see if early conflict includes more chasing, fleeing and
hissing, and then if the conflict evolves into staring.

It is important to acknowledge the limitations of this
study. First, the survey was composed of a convenience
sample, not a random sample of cat owners. The link to
the survey was predominantly promoted by animal
experts, which likely skewed it toward owners more
knowledgeable about cat behavior and potentially more
knowledgeable about the prevention of intercat conflict.
Future studies could implement a more random sam-
pling method, or collect data to describe the demo-
graphics of the general US cat-owning households and
then restrict the data collection to certain quotas of dif-
ferent categories or weight the results to accurately
reflect the demographics of the general population. An
additional option would be to ask questions in the sur-
vey to try and assess the owner’s knowledge about cats
to determine if knowledge correlated with conflict or
measures used to prevent and address conflict.

Second, the survey relied on the subjective reporting
of behaviors by owners and did not include observations
of the behaviors by an expert. However, online surveys
have been shown to be a reliable method for behavioral
data collection in both dogs and cats.3” This provides
access to a larger sample population than an observation-
based study and allows for screening of factors for fur-
ther smaller, observation-based studies.

The third limitation was the limited range of behav-
iors and resources included in the survey. This was done
intentionally to simplify the survey and reach a wider
sample of cat owners than would be possible with an in-
depth ethological study. Both the second and third limi-
tations could be addressed in future studies by directly
observing a subsample of the surveyed cats to assess the
reliability of owner observations and reporting, as well
as compare results of a more complete ethological obser-
vation with the limited range of behaviors.

The fourth limitation was that questions about cats’
relatedness or identification of dyads within the house-
hold were omitted owing to concerns about survey
length and complexity. As many owners acquire their
cats from rescue shelters, or as strays, the true related-
ness of these cats may not be known, even for cats
acquired at the same time. Identification of dyads within
the household requires that the owner be knowledgeable
about feline behavior, as well as accurately characterize
the relationships within the household, so these factors
seemed difficult to determine by online survey with cer-
tainty. However, relatedness and dyad groupings have
been well documented to affect the frequency of affilia-
tive signs and relationships between cats.!*%

The final limitation of the study was the decision to
collect and analyze data on a household level instead of
an individual cat basis. The number of cats in the house
was found to correlate with the frequency of conflict and
affiliative signs, but it is difficult to determine if this
reflects a true increase in conflict as the number of cats in
the house increases or if it is an artifact of the owner
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summing together the behaviors of all of the cats in the
house. The average number of cats in households with
reported intercat aggression was slightly higher at 2.90 vs
2.51 for households with no reported intercat aggression,
so although it is difficult to determine the extent, a rela-
tionship likely exists between the number of cats in the
house and the frequency of conflict behaviors.

Conclusions
This study is the first large-scale online survey used
to obtain frequencies of conflict and affiliative behaviors
in US households, and compare them with factors linked
to the cats or the home settings. Affiliative signs were
observed more frequently than conflict signs. Higher
harmony scores (as perceived by the respondents) were
correlated with less frequent conflict signs and more fre-
quent affiliative signs. Hissing occured on a daily or
more frequent basis in 18% of households. Physical con-
tact between cats was observed at least daily in around
half of the multi-cat households. The study confirmed
that feline relationships are influenced by the behaviors
displayed at the initial introduction, but other household
factors and cat population variables were not strongly
predictive of the frequency of affiliative and/or conflict
signs. In multi-cat households, 73.3% of owners noted
conflict signs from the very beginning when introducing
the cats. The recent addition of a new cat to the home
was correlated with the frequency of conflict signs.
Several trends emerged for interesting areas of future
research, including the evolution of conflict and affilia-
tive behaviors over time, the effects of personality and
age on these behaviors, and the impact of conflict or
affiliative relationships on the health and welfare of cats.

Acknowledgments The authors are grateful to all the cat
owners who took the time to give us insight into their cats’
lives, and the friends and colleagues who shared the survey
through Facebook and other channels to help us reach so many
respondents.

Author note Some of the results were presented as an
abstract (<250 words) and a poster presentation at the Euro-
pean Veterinary Congress of Behavioural Medicine and Animal
Welfare in Berlin, Germany, 2018.

Supplementary material The following files are available
online:

Appendix 1: Feline survey questions, Elzerman et al
Appendix 2: Cat demographic information per cat in multi-cat
households

Appendix 3: Resources provided listed by number of cats
Appendix 4: %2 results (Table 6 Conflict signs)

Appendix 5: y? results (Table 8 Affiliative signs)

Appendix 6: %2 results (Table 10 Introduction of cats)

Conflict of interest This study was funded by Ceva Santé
Animale, which employs Alexandra Beck and Jean-Francois

Collin. Theresa L DePorter provides regular consulting ser-
vices for Ceva Santé Animale, and Ashley L Elzerman is
currently undertaking a residency in veterinary behavior
sponsored by Ceva Santé Animale.

Funding Funding for this study was provided by Ceva Santé
Animale.

Ethical approval This work did not involve research on ani-
mals and the survey did not collect any personally identifiable
data or information on sensitive subjects so is exempt from the
requirement of institutional review board or ethical committee
review.

Informed consent The survey was anonymous; no personal
information was collected from the respondents and comple-
tion of the survey implied consent. No animals or humans are
identifiable within this publication, and therefore additional
informed consent for publication was not required.

ORCID iD Ashley Elzerman
0001-6884-9244
Theresa DePorter

https:/ /orcid.org/0000-

https:/ /orcid.org/0000-0003-3710-8915

References

1 American Pet Products Association. The 2017-2018 APPA
national pet owners survey debut. http://americanpet
products.org/Uploads/MemServices/ GPE2017_NPOS_
Seminar.pdf (accessed June 6, 2018).

2 Jones BR, Sanson RL and Morris RS. Elucidating the risk
factors of feline lower urinary tract disease. N Z Vet ] 1997;
45:100-108.

3 Cameron ME, Casey RA, Bradshaw JWS, et al. A study of
environmental and behavioural factors that may be asso-
ciated with feline idiopathic cystitis. | Small Anim Pract
2004; 45: 144-147.

4 Olm DD and Houpt KA. Feline house-soiling problems.
Appl Anim Behav Sci 1988; 20: 335-345.

5 Barcelos AM, McPeake K, Affenzeller N, et al. Common
risk factors for urinary house soiling (periuria) in cats
and its differentiation: the sensitivity and specificity
of common diagnostic signs. Front Vet Sci 2018; 5: 108.
DOI: 10.3389/ fvets.2018.00108.

6 Pryor PA, Hart BL, Bain MJ, et al. Causes of urine marking
in cats and effects of environmental management on fre-
quency of marking. ] Am Vet Med Assoc 2001; 219: 1709-1713.

7 Westropp JL, Kass PH and Buffington CA. Evaluation of
the effects of stress in cats with idiopathic cystitis. Am |
Vet Res 2006; 67: 731-736.

8 Amat M, Camps T and Manteca X. Stress in owned cats:
behavioural changes and welfare implications. | Feline
Med Surg 2016; 18: 577-586.

9 Barry KJ and Crowell-Davis SL. Gender differences in the
social behavior of the neutered indoor-only domestic cat.
Appl Anim Behav Sci 1999; 64: 193-211.

10 Dantas LM, Crowell-Davis SL, Alford K, et al. Agonistic
behavior and environmental enrichment of cats commu-
nally housed in a shelter. ] Am Vet Med Assoc 2011; 239:
796-802.


https://orcid.org/0000-0001-6884-9244
https://orcid.org/0000-0001-6884-9244
https://orcid.org/0000-0003-3710-8915
http://americanpetproducts.org/Uploads/MemServices/GPE2017_NPOS_Seminar.pdf
http://americanpetproducts.org/Uploads/MemServices/GPE2017_NPOS_Seminar.pdf
http://americanpetproducts.org/Uploads/MemServices/GPE2017_NPOS_Seminar.pdf

Elzerman et al

717

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Bradshaw JWS and Hall SL. Affiliative behaviour of
related and unrelated pairs of cats in catteries: a prelimi-
nary report. Appl Anim Behav Sci 1999; 63: 251-255.

Dards JL. The behaviour of dockyard cats: interactions of
adult males. Appl Anim Ethol 1983; 10: 133-153.

Knowles RJ, Curtis TM and Crowell-Davis SL. Correlation
of dominance as determined by agonistic interactions
with feeding order in cats. Am | Vet Res 2004; 65: 1548-1556.
Curtis TM, Knowles R] and Crowell-Davis SL. Influence of
familiarity and relatedness on proximity and allogrooming
in domestic cats (Felis catus). Am | Vet Res 2003; 64: 1151-1154.
Borchelt PL and Voith VL. Aggressive behavior in dogs
and cats. In: Voith VL and Borchelt PL (eds). Readings in
companion animal behavior. Trenton, Veterinary Learning
Systems, 1996, pp 217-229.

Voith VL and Borchelt PL. Social behavior of domestic
cats. Compend Small Anim 1986; 8: 637-646.

Lindell EM, Erb HN and Houpt KA. Intercat aggression:
a retrospective study examining types of aggression,
sexes of fighting pairs, and effectiveness of treatment.
Appl Anim Behav Sci 1997; 55: 153-162.

Bradshaw ]. Normal feline behaviour: ... and why problem
behaviours develop. | Feline Med Surg 2018; 20: 411-421.
Siracusa C. Creating harmony in multiple cat households. In:
Little SE (ed). August’s consultations in feline internal medi-
cine. Vol 7. St Louis, MO: WB Saunders, 2016, pp 931-940.
Buck C, Loyen A, Foraita R, et al. Factors influencing sed-
entary behaviour: a system based analysis using Bayesian
networks within DEDIPAC. PLoS One 2019; 14: e0211546.
DOI: 10.1371/journal.pone.0211546.

Harding NJ. Application of Bayesian networks to prob-
lems within obesity epidemiology. PhD thesis, Manches-
ter, The University of Manchester, 2011.

DePorter TL, Bledsoe DL, Beck A, et al. Evaluation of the
efficacy of an appeasing pheromone diffuser product vs
placebo for management of feline aggression in multi-cat
households: a pilot study. ] Feline Med Surg 2019; 21: 293-305.
Ellis SL, Rodan I, Carney HC, et al. AAFP and ISFM feline
environmental needs guidelines. | Feline Med Surg 2013;
15: 219-230.

Neilson J. Thinking outside the box: feline elimination.
J Feline Med Surg 2004; 6: 5-11.

Cohen]. The effect size index: d. | Stat Power Anal Behav Sci
1988; 2: 284-288.

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Intellectus Statistics. Intellectus statistics [Online com-
puter software]. http://analyze.intellectusstatistics.com/
(2019, accessed September 9, 2019).

Stanton LA, Sullivan MS and Fazio JM. A standardized
ethogram for the felidae: a tool for behavioral researchers.
Appl Anim Behav Sci 2015; 173: 3-16.

Cameron-Beaumont CL. Visual and tactile communication
in the domestic cat (Felis silvestris catus) and undomesti-
cated small felids. PhD thesis, University of Southampton,
1999.

Litchfield CA, Quinton G, Tindle H, et al. The ‘Feline Five”:
an exploration of personality in pet cats (Felis catus). PLoS
One 2017;12: €0183455. DOI: 10.1371 /journal.pone.0183455.
Bennett PC, Rutter NJ, Woodhead JK, et al. Assessment
of domestic cat personality, as perceived by 416 owners,
suggests six dimensions. Behavioural Processes 2017; 141:
273-283.

Guy NC, Hopson M and Vanderstichel R. Litterbox size
preference in domestic cats (Felis catus). | Vet Behav 2014;
9: 78-82.

Ellis JJ, McGowan RTS and Martin F. Does previous use
affect litter box appeal in multi-cat households? Behav
Processes 2017; 141: 284-290.

Grigg EK, Pick L and Nibblett B. Litter box preference in
domestic cats: covered versus uncovered. | Feline Med Surg
2013; 15: 280-284.

Neilson J. Pearl vs. clumping: litter preference in a popula-
tion of shelter cats. In: Abstracts from the American Veteri-
nary Society of Animal Behavior Boston, July 2001, p 14.
Villeneuve-Beugnet V and Beugnet FJJoVB. Field assess-
ment of cats’ litter box substrate preferences. | Vet Behav
2018; 25: 65-70.

Levine E, Perry P, Scarlett ], et al. Intercat aggression in
households following the introduction of a new cat.
Appl Anim Behav Sci 2005; 90: 325-336.

Wiener P and Haskell MJ. Use of questionnaire-based data
to assess dog personality. | Vet Behav 2016; 16: 81-85.
Duffy DL, de Moura RTD and Serpell JA. Development
and evaluation of the Fe-BARQ: a new survey instrument
for measuring behavior in domestic cats (Felis s. catus).
Behav Processes 2017; 141: 329-341.

Crowell-Davis SL, Curtis TM and Knowles R]. Social orga-
nization in the cat: a modern understanding. | Feline Med
Surg 2004; 6: 19-28.


http://analyze.intellectusstatistics.com/

