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Abstract

Background: Daily rhythms have been widely investigated in various mammals but, surprisingly, literature is scarce
and conflicting regarding the domestic cat, Felis catus. This may come from the difficulty to analyse rhythmsin a
species showing high interindividual variability and from the common idea that the rhythms of the cat are rather
random. To elucidate the subject, two groups of indoor cats (14 in total) living in a cattery room, were followed on a
24 h/7 day basis, using advanced telemetry technologies, i.e. passive RFID, automated weighing of electronic scales
and UWB technology with accuracy ensuring a good reliability of the results.

Results: While covering on average 1.74+ 0.4 km and eating 46.44+3.6 g (= 179 kcal) of dry food per day, findings
indicate 24 h periodicity in the locomotor and feeding rhythms of the cats. Systematically, their locomotor behaviour
was more rhythmic than their eating behaviour (p <0.01), possibly reflecting the flexibility of the eating patterns of
the cat initially enabling it to adapt to daily rhythms of its prey. In their daily patterns, the indoor individuals showed
two main troughs of activity and food intake—in the middle of the day and in the middle of the night—and two
main peaks: one in the morning (especially before sunrise and food renewal), the other in the evening (following the
end of the work day of the animal staff and before sunset), supporting previous work demonstrating peaks at dusk
and dawn and confirming the crepuscular nature of the species. No general pattern emerged according to a more
nocturnal versus diurnal organisation.

Conclusions: Bimodality, more than chronotypes, seems therefore to best characterise the activity and feeding
rhythms of the species as it was demonstrated in the individuals among the different categorisations. By validating
the use of new tracking technologies as well as of adapted chronobiological parameters to assess the daily rhythm of
cats living indoors, this study opens the way for more adequate analyses of cat behaviour through time under various
conditions.
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Introduction moving) to occur at optimal times [32]. A circadian

From the short cellular events to long seasonal changes,
biological rhythms are systematic for living organisms.
They are of importance in the control of daily behaviours.
In order to effectively react to the competing demands of
life, species adjust their activities (e.g. feeding, sleeping,
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rhythm displays oscillations of a period of about 24 h.
This endogenous cyclicity can for example allow indi-
viduals to model their activities on those of their prey or
predators, in order to better survive [15]. The circadian
rhythms and their consequences can be investigated in
various species through different parameters. In mam-
mals, sleep [20], body temperature [28] and also general
activity [1] are regulated by an internal master clock
located into the suprachiasmatic nucleus of the hypo-
thalamus, which is mainly adjusted by the environmental
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light/dark cycles the individual encounters [3]. In addi-
tion, light can directly trigger or inhibit behaviours
depending on the species [27].

Literature is scarce and contradictory regarding the
rhythmicity of the domestic cat, Felis catus. Hawking
et al. [6] reported that cats do not have circadian activ-
ity rhythms. Yet, Kuwabara et al. [17] showed circadian
fluctuation in total sleep time (slow wave sleep + rapid
eye movement sleep) and in brain temperature. They also
demonstrated the existence of a bimodal pattern of wake-
fulness displaying dawn and dusk peaks under artificial
light: dark cycle. Randall et al. [25] found a free-running
circadian organisation of activity in cats kept in constant
darkness as measured by infrared photobeams. These
cats, isolated from humans to human noises, showed, in
addition, random patterns of activity when kept in con-
stant light. Defining the lifestyle of the cat is indeed dif-
ficult: some recorded diurnality in its behaviour [2, 6],
while others consider it as nocturnal (e.g. [19, 12, 37])
or crepuscular [15]. Yet, this ambiguity may simply be
due to the faculty of an individual to show various activ-
ity patterns at various times [26] or even result from the
adaptability the cat, a predator, must show regarding
the variety of the rhythms of its prey in the wild [16]:
rodents are usually nocturnal while song birds are diur-
nal. Besides, a simple diurnal-nocturnal dichotomy is
not applicable to all mammals: some species like the degu
(Octodon degus), the golden spiny mouse (Acomys russa-
tus), or the tayra (Eira barbara) and grison (Galictis) can
shift from diurnal to nocturnal activity patterns under
particular environmental conditions [14, 15, 33]. In fact,
Horn et al. [7], as well as Piccione et al. [23], observed dif-
ferent chronotypes (behavioural expression of circadian
rhythms, here, nocturnality versus diurnality) according
to the housing conditions of the cats.

In the wild, the cat is an opportunistic solitary hunter,
like many of its fellow felids. It catches numerous small
prey per day to sustain its needs as a carnivorous. In
accordance with this feature, even when fed by humans,
the cat spontaneously eats several small meals per day
[18, 8, 21]. Kane et al. [13] reported cats ate approxi-
mately 16 (usually 12-20) small meals throughout the
24-h period. Yet, no cyclicity has been reported regarding
eating habits in cats so far.

A previous study validated Ultra-WideBands (UWB)
technology as a new system to automatically monitor the
locomotor behaviour of cats living in group, with more
precision than GPS systems and less spatial constraints
than passive radio-frequency identification (RFID; [22]).
As the study of daily rhythms needs continuous and
precise data, we used UWB technology, RFID coupled
with automated weighing feeders and specific chrono-
biological parameters as a new approach to accurately
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investigate locomotor activity and feeding rhythms in
domestic cats living in a cattery.

Materials and methods

Animals and conditions

The tracking technology being installed in a single room,
two groups of domestic cats (Felis catus) were observed
one after the other in order to maximise our sample size
while providing enough living space for each individual
to roam in. Each group was studied continuously for
1 week during spring 2015: group A from April 11th to
April 18th, group B from May 27th to June 6th. The five
females and three males of group A and the two females
and four males of group B were all neutered, 5 years
old, weighted on average 5.39+0.33 kg and belonged to
two different breeds: Chartreux and British Shorthair
(Table 1). The individuals of both groups had been living
together since 2010. Nevertheless, in group A, two indi-
viduals (who have been living together since 2010) were
introduced at the time of this protocol.

The cats were housed at the cattery of Royal Canin
located in the South of France (Aimargues). They lived in
a main room of 22.5 m? [6.4 m (1) x 3.51 m (w) x 2.60 m
(h)] under controlled conditions (20-23 °C, 44% RH). All
cats had also free access to an inner courtyard of 7 m?
[29 m (I) x2.4 m (w)x2.60 m (h)], a small confined
room opened on fresh external air through narrow gaps
underneath and on the top of windows. The cats had at
their disposal a wall shelf containing several hiding places
and cushions, an “enriched” area containing several cat
toys, a wall scratching post, a feeding area, a water bowl,
two litter trays, two cat trees with cushions and a plastic
seat. Both groups were exposed to the natural light: dark

Table 1 Group, name, sex, breed and mass of each studied
cat

Group Name Sex Breed Mass (kg)
A Fanzine Female Chartreux 3.19
A Fast Male Br. Shorthair 563
A Favela Female Chartreux 5.01
A Flora Female Chartreux 4.50
A Fourrure Female Br. Shorthair 4.15
A Fredon Male Chartreux 6.66
A Frimousse Female Chartreux 4.58
A Frippon Male Chartreux 6.08
B Fleche Female Chartreux 4.59
B Flocon Male Chartreux 6.38
B Fluor Male Chartreux 743
B Fouine Female Chartreux 4.53
B Franklin Male Chartreux 5.65
B Freddy Male Chartreux 7.02
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cycle, with an average of 13h39 of daylight per day for
group A and 15h50 of daylight per day for group B.

Feeding and human intervention

All the cats had an ad libitum access to dry food [Fit32
(5.5% moisture, 32% protein, 15% crude fat, 4.6% crude
fibre, 3% minerals and vitamins, 3859 kcal/kg), Royal
Canin] and water. The food was renewed every day at
10:00 h. Humans were present within the room around
06:00 h for cleaning, and then occasionally between
08:30 h and 12:00 h and/or between 14:00 h and 16:00 h
to interact with the cats and check the room.

Locomotor activity, eating behaviour and recording

Two tags were attached to the collar of each cat, one for
locomotor tracking (width=38 mm, length=39 mm,
height=16.5 mm; weight=25 g, approximately
0.5% of body mass), the second for feeding track-
ing (width=15 mm, length=13 mm, height=37 mm;
weight =8.2 g, approximately 0.2% of body mass).

The locomotor tracking tags were Ultra-Wide Band
tags (Ubisense, Paris, France), continuously emitting
radio waves to antennas placed on strategic spots in the
room. This technology automatically records, in real time
and three dimensions, the position of a tag-wearing indi-
vidual all day long with a sampling interval of 0.9 s and
an accuracy of 15 cm [22]. From these location data, a
specific software calculates some behavioural data such
as the covered distance of each cat by period of time
(periods of 10 min were used to calculate the rhythm
parameters). These tags had no adverse effect on the
physical condition of the animals and, with the sensors,
use extremely low power radio transmitters and met all
applicable EU requirements, including those for human
exposure to electromagnetic radiation. Staff entering the
room was also equipped with a transmitter attached to a
collar to assess the effect of human presence on animal
behaviour. This protocol was approved by the ethical
committee of Royal Canin. In the results, the mean trav-
elled distance per day refers to the distance travelled by
an individual over the collection period, divided by the
number of collection days. To infer daily activity pat-
terns, we also calculated the mean travelled distance per
cat and per 20 min on a 24-h time period.

Each cat had free access to its own dedicated feeder,
thanks to the passive-RFID (M Tronic device, Mon-
tévrain, France) tag on its collar which gives access to
the food by opening a specific tilting door, access to the
other feeders being made impossible. The electronic
scales (Metal Process, Montévrain, France) recorded
the time and weight of consumptions with a sensitivity
of 1 g, and a specific software (M Tronic device, Mon-
tévrain, France) was continuously recording the daily
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consumption for each animal. Files from electronic
scales were exported with Excel (Microsoft Office). The
raw consumption, ie. the weight of kibbles ingested (in
grammes), and number of meals by period were calcu-
lated. In the results, the mean daily consumption per day
refers to the total consumption of the individual over the
collection period, divided by the number of collection
days. After examination of several ingestion kinetics, we
considered meals consisted of one or more eating bouts
of at least 2 g separated by an interprandial pause of at
least 20 min.

Rhythm parameters and measurements

To visualise the rhythm of an individual, we used acto-
grams (representing activity rhythms through the cov-
ered distance per time) or feedograms (representing
feeding rhythms through the food intake per time) rep-
resenting data for two days per line with successive days
appearing on successive lines (Clocklab software, v. 2.72,
Actimetrics, Wilmette, IL, USA, associated to Matlab, v.
R2013a, MathWorks, Meudon, France). Also, in order to
establish whether the cats tended to consume/be active
more during night or day hours, we assessed a rate of
activity/consumption by hour according to the light con-
dition (night hours vs day hours), using local timing of
sunrise and sunsets as phase references.

To measure the period, mode and amplitude, we used
the periodograms given by the Clocklab software (v. 2.72,
Actimetrics, Wilmette, IL, USA) associated to Matlab (v.
R2013a, MathWorks, Meudon, France) which is using
the method of Sokolove and Bushell [34]. Periodograms
are constructed by the calculation of values for various
periods ranging from 5 to of 30 h. Unless the time series
contains more than one rhythmic component, the high-
est peak shown in the periodogram corresponds to the
estimated period of the time series. The period (P) of a
rhythm is the duration of a full cycle (that is, the recipro-
cal of its frequency), corresponding to the time interval
measured between two episodes that will recur identi-
cally during the variation. The highest peak shown in
the periodogram graphs yields the period for which the
rhythm of the individual repeats its pattern. Typically, the
period of a circadian rhythm lasts about 24 h. Secondary
peaks can sometimes exist. In most cats, this peak cor-
responded to 12-h periods, showing a tendency to bimo-
dality in the rhythms. The amplitude (A) of a rhythm is
a relative measure of how much of the activity or food
intake is actually rhythmic. The higher amplitude, the
more robust the rhythm.

Interdaily stability, intradaily variability and the least
active 5 h period were all determined with the ActiWatch
software (v. 7.31, Cambridge NeuroTechnology, Cam-
bridgeshire, UK). The interdaily stability (IS) quantifies
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the variability among successive days, that is, the strength
of coupling of the rhythm to stable external zeitgebers
[35, 36, 38]. The IS values (arbitrary units), ranging from
zero for Gaussian noise to 1 for maximal IS, decrease
with higher day-to-day variation of the activity/eating
patterns. The intradaily variability (IV) evaluates the
fragmentation of the rhythm, that is, the frequency and
extent of transitions between rest and activity [35, 36,
38]. The IV values (arbitrary units) vary from near zero
for a perfect sine wave to about 2 for Gaussian noise. The
least active 5 h (L5) are computed by averaging the 5 low-
est hourly means of the 24 h pattern [35, 36, 38]). This
gives us an indication about the moment daily troughs
happen in the pattern of the cats. We can then compare
interindividual differences.

Chronotypes

We based a nocturnal versus diurnal categorisation of the
individuals on the position of the least active 5 h (noc-
turnal or diurnal), inspection of the actograms (more
nocturnal or diurnal activity/consumption peaks) and
comparison of the nocturnal/diurnal activity/consump-
tion rates.

Statistical analyses

Every statistical comparison was made with Sigma-
plot (v. 13.0, Systat Inc., San Jose, California, USA). We
used unpaired t-tests or Mann—Whitney rank sum tests
(when the data passed Shapiro—Wilk test for normality or
Brown-Forsythe test for equal variance) to determine the
effects of sex (male versus female), group (group A ver-
sus group B) or chronotype (nocturnal versus diurnal) on
the daily covered distance or food consumption, weight
and amplitude, interdaily stability and intradaily variabil-
ity of the rhythms. Because the data did not follow sta-
tistical normality (Shapiro—Wilk test for normality) and
could not be normalised with standard transformations,
Friedman analyses of variances (ANOVAs) with repeated
measures were conducted to compare the covered dis-
tance or food consumption according to the hour of the
day. Two-way ANOVAs with repeated measures were
performed to assess the effects of sex or chronotype on
the covered distance and food consumption according
to the hour of the day. Tukey post hoc tests with Fried-
man ANOVAs and Holm-Sidak post hoc tests with two-
way ANOVAs were performed. Finally, paired t-tests or
Wilcoxon signed rank tests (when the data significantly
deviated from normality according to Shapiro—Wilk test)
were conducted to evaluate the effect of the variable
type (feeding versus locomotor activity) on the chrono-
biological parameters (i.e. amplitude, interdaily stabil-
ity and intradaily variability). Our results are given as
mean £ standard error, with a significance threshold of
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p<0.05 (* when 0.01 <p<0.05, ** when 0.001 <p<0.01,
*** when p <0.001 on bar plots graphs).

Results

Rhythm of locomotor behaviour

The daily covered distance of the cats highly varies
according to the individual (min: 0.54 km; max: 4.13 km)
and the group: group A covered significantly more daily
distance than group B (3.0540.38 versus 0.77 +0.06 km,
respectively; Mann—Whitney, {/=0.0, p<0.001; Addi-
tional file 1). Every cat showed a locomotor rhythm of
2440.01 h, with a mean amplitude of 433 +48 (min:
147; max: 749). The interdaily stability of their locomotor
rhythm was of 0.40+0.03 (min: 0.16; max: 0.55) and its
intradaily variability of 1.63+0.09 (min: 1.18; max: 2.37).
We decided to consider an individual displayed a ten-
dency to bimodality when the size of the 12-h peak was
superior or equal to half of the 24-h peak. Twelve out of
the 14 cats showed this tendency in their activity rhythm,
the last 2 being only unimodal (examples in Fig. 1). The
least active 5 h (L5) in the locomotor behaviour of the
cats began between 22:00 h and 01:00 h for eight cats,
between 10:00 h and 11:00 h for the six others.

The mean hourly distance covered by the cats differed
significantly according to the hour (Fig. 2; Friedman,
X223 = 146.77, p<0.001). There were two main peaks
of activity during the day: cats were more active in the
morning, more precisely between 05:00 h and 06:00 h
(preceding the sunrise) and between 09:00 h and 11:00 h
(preceding and during the food renewal), and in the even-
ing, more precisely between 16:00 h and 18:00 h (follow-
ing the end of the working period of the caretakers and
preceding sunset; Additional file 2). The cats were the
least active during two main troughs: between 01:00 h
and 03:00 h, and between 12:00 h and 15:00 h.

Rhythm of eating behaviour

The cats ate approximately eight meals of 5.94+0.7 g
a day (Additional file 1), i.e. an average of 46.4+3.6 g
of dry food per day (min: 27.2 g; max: 72.4 g). No
group effect was detected (50.7+£4.8 g for group A,
43.1£5.1 g for group B; t;,=1.045, p=0.316). Eleven
out of the 14 individuals showed a feeding rhythm of
2440.04 h, the three others being arrhythmic. The
interdaily stability of their feeding rhythm was of
0.30£0.02 (min: 0.24; max: 0.40) and its intradaily vari-
ability of 2.05 £ 0.06 (min: 1.59; max: 2.27). The feeding
rhythm mean amplitude of rhythmic individuals was of
253 £ 23 (min: 161; max: 390). Seven cats showed a ten-
dency towards bimodality, four others being unimodal
and the three others amodal (i.e. arrhythmic). The least
active 5 h (L5) in the eating behaviour of the cats began
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between 21:00 h and 00:00 h for five cats, between
11:00 h and 13:00 h for the nine others.

The mean hourly food intake of the cats differed
significantly according to the hour (Fig. 2, Friedman,
x223 = 112.18; p<0.001). There were two mains peaks
of consumption during the day: they ate more between
04:00 h and 10:00 h (mostly preceding the sunrise and
food renewal), and between 17:00 h and 21:00 h (fol-
lowing the end of the work of the caretakers and pre-
ceding sunset; Additional file 3). The cats ate less
during two main troughs: between 01:00 h and 02:00 h
and between 12:00 h and 15:00 h.

Influence of sex

The males were significantly heavier and tended to cover
more distance daily than the females (Table 2). When
looking at the division in 20-min increments, the males
covered significantly more distance than the females

at several occasions during the day (top of Fig. 3) The
activity rhythm (AR) of the males tended to be higher
in amplitude and more interdaily stable than that of the
females (Table 2). However, there was no significant dif-
ference concerning the intradaily variability (IV) of their
AR.

On a daily basis, the males ate significantly more food
than the females (Table 2). The amplitude of the feeding
rhythm (FR) of the rhythmic cats, interdaily stability and
intradaily variability of every cat did not significantly dif-
fer according to their sex. Nevertheless, it is worth noting
that all the three arrhythmic cats in their eating behaviour
(not taken into account when comparing the FR ampli-
tude) were females. The males ate significantly more food
than the females in late night and late afternoon (top of
Fig. 4; Two-way RM ANOVA, interaction: F;; g5, =1.590,
p<0.01) whereas the females ate significantly more food
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Table 2 Results of locomotor activity and feeding behaviours and rhythms of the cats according to their sex (male

versus female)
Male (n=7) Female (n=7) Test Test value Significance

Mass (kg) 6.41+£0.26 4364022 t-test t,=—16.071 p<0.001
DCD (km) 240£0.57 1.0940.26 Mann-Whitney U=100 p=0.073
AR amplitude 533+70 332+£39 Mann-Whitney U=100 p=0.073
ARIS 045+0.03 035+0.04 t-test t;,=—1971 p=0.072
AR IV 1.60£0.15 1.66£0.10 t-test t;,=0325 p=0.751
DFI (9) 526435 402+£56 Mann-Whitney U=70 p<0.05
FR amplitude 267 +28 230440 t-test ty=—0.758 p=0.468
FRIS 0.33+0.02 0.27+0.03 t-test t;,=—1.546 p=0.148
FRIV 1.9740.08 2.14£0.13 t-test t,=1444 p=0.174

DCD daily covered distance, AR activity rhythm, IS interdaily stability, IV intradaily variability, DF/ daily food intake, FR feeding rhythm
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than the males only at 20:20 (Holm-Sidak post hoc test,
p<0.01).

Chronotype

Six females out of seven were categorised as globally
diurnal, while five males out of seven were categorised as
globally nocturnal (see examples in Fig. 5).

No statistical difference occurred between the chrono-
types concerning the daily covered distance (Table 3).
The activity rhythm (AR) of the nocturnal categorised
individuals was significantly higher in amplitude and
more interdaily stable than that of the diurnal categorised
ones (Fig. 6). No significant difference stood out concern-
ing the intradaily variability (IV) of the AR according
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to the chronotype (Table 3). The nocturnal individu-
als covered significantly more distance than the diurnal
individuals most of the times (Two-way RM ANOVA,
interaction: F,; g5, =2.274, p <0.001), except during daily
troughs around midnight and midday (bottom of Fig. 3).
No statistical difference was detected between the daily
consumption, amplitude, interdaily stability or intradaily
variability of the feeding rhythm (FR) of the nocturnal
categorised individuals compared to the diurnal catego-
rised ones (Table 3). Albeit, the nocturnal categorised
individuals tended to eat with a more interdaily stable
rhythm than the diurnal categorised ones. It is relevant
to note that the only three arrhythmic cats in their eat-
ing behaviour (not taken into account when comparing
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Table 3 Results of locomotor activity and feeding behaviours and rhythms of the cats according to their chronotype
(diurnal versus nocturnal)

Diurnal (n=8) Nocturnal (n=6) Test Test value Significance

DCD (km) 1.284+045 237+049 t-test t;,=1.635 p=0.128
AR amplitude 328432 572+67 t-test t;,=3448 p<0.01

ARIS 0.34+0.03 048+0.02 t-test t;,=3489 p<0.01

AR IV 1.74+£0.13 1.48+£0.09 t-test ti,=—1553 p=0.146
DFl (g) 43+6 51+4 t-test t,,=1.064 p=0.308
FR amplitude 226148 276+19 Mann-Whitney U=7.00 p=0.177
FRIS 0.2740.02 0.344+0.02 t-test t;,=2.088 p=0.059
FRIV 2.10+0.15 1.99+£0.06 t-test t;,=—0853 p=0410

DCD daily covered distance, AR activity rhythm, IS interdaily stability, /V intradaily variability, DFI daily food intake, FR feeding rhythm
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Fig. 6 Mean activity rhythm amplitude (left) and interdaily stability (right) according to the chronotype. Diurnal (n=8) versus nocturnal (n =6).
Error bars represent standard errors, ** indicates p < 0.01

the FR amplitude) were categorised as globally diurnal
(diurnal rhythmic activity rhythm). When looking at the
consumption every 20 min, the nocturnal categorised
individuals ate significantly more food than the diurnal
categorised ones (Two-way RM ANOVA, interaction: F,;
353 = 1458, p<0.05) at several times (bottom of Fig. 4).

Locomotor versus feeding rhythms

The amplitude and interdaily stability (IS) of the loco-
motor rhythm (LR) were significantly higher than those
of the feeding rhythm (FR) (Amplitude: 463 +57 versus
253+23, respectively; paired t-test, t,,=3.872, p<0.01;
IS: 0.40+0.03 versus 0.30£0.02, respectively, paired
t-test, £,3=3.096, p<0.01). The intradaily variability (IV)
of the locomotor rhythm was significantly lower than the
IV of the feeding rhythm (1.63 £0.09 versus 2.050.06,
respectively; Wilcoxon, Z=2.542, p<0.01).

Discussion
Our initial article described the usefulness of Ultra-
WideBands (UWB) set-up to study the individual activity
and spatial organisation of 6 free-living indoor cats [22].
In another but larger group of indoor cats (n=14), the
present study provides the first set-up combining UWB
to record the amount of locomotor activity and passive
RFID tags coupled with automated feeder to record eat-
ing behaviour. A chronobiological analysis of the contin-
uously recorded data 24 h/24 over seven days allowed us
to assess daily rhythmicity of locomotor activity and eat-
ing pattern in a colony of domestic cats living collectively
and having ad libitum access to dry food and water.

The rest—activity rhythm is commonly studied using
actigraphy, a non-invasive measure of circadian activity.
The parameters that described rhythm characteristics

included amplitude (A), period (P) and phase. Other
analyses, such as interdaily stability (IS), intradaily vari-
ability (IV) and the least active 5 h (L5), had first been
developed by Witting et al. [38] in order to study the
effect of age and Alzheimer’s disease on rest—activity
rhythm. These variables, called nonparametric as they
are not associated with parameters of a known func-
tion, were later used by Van Someren et al. [35, 36] who
described them as a more appropriate way to investigate
and discriminate disturbed circadian rhythms, as well
as sensitive to change even in small samples [36]. The
rhythms of the cat having previously been described as
variable or irregular, these analyses seemed more fitted
for our study. Besides, Piccione et al. [23] already used
them to study the influence of different housing condi-
tions on daily activity rhythm in cats.

Using precise and elaborate animal tracking meth-
ods, we mainly observed bimodality in the activity and
feeding rhythms of these indoor cats with crepuscular
peaks. Their bimodal patterns were not affected by sex
or chronotypes. Hawking et al. [6] described many short
bursts of activity distributed irregularly throughout the
24-h period, with no evidence of a daily cycle in a labora-
tory isolated cat. On the same year, Kavanau [15] agreed
in classifying the activity of the cat as arrhythmic. Never-
theless, the very small sample size in both studies (n=1)
makes this conclusion doubtful. Recording the behaviour
of more numerous individuals, we have demonstrated
24-h periodicity of locomotor and eating behaviour in
every cat or almost every cat (11 out of 14), respectively.

The least active 5 h (L5), previously used only once
on the activity rhythms in cats [23], have proved to be
a pertinent rhythmic parameter (i.e. phase-marker) to
compare in our study. They indeed corresponded to the
main daily trough: the hours of the day when the cats
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were significantly moving and eating less coincided with
the locomotor activity and eating L5, occurring either in
the middle of the night, or in the middle of the day. The
nocturnal decrease of activity in eight out of the 14 cats
reminds the results of Hawking et al. [6] who noted the
total duration of activity of a laboratory cat during light
was about 1.4 times that of the activity during night dur-
ing a 12 h light—dark cycle.

Besides, the rhythmic behaviours of eating and loco-
motor activity of the cats were notably impacted by twi-
light, as already observed in the literature [2, 5, 9, 11, 15,
17, 24]. The many authors who reported peaks of activity
at dawn and dusk sometimes characterised these specific
moments as key periods in biological and ecological pro-
cesses as prey activity, food condition, body temperature,
or colonic motility [4, 9, 11, 16, 26]. In our colony, when
looking at the daily activity and eating graphs according
to the hour of the day, consumption and activity peaks
were indeed noted mainly preceding sunrise (between
04:00 h and 06:00 h) and sunset (between 16:00 h and
21:00 h), especially in the most active group (B). Positive
modulators of these peaks also relied on anticipation of
food renewal in the morning and end of human presence
in the late afternoon. Yet, if the cats showed ultradian
rhythms with period of 6 h or less rather than bimodal
24-h rhythms, peaks in the periodograms would then rise
around 6 h or at lower periods. This was not the case, i.e.
based on periodograms, the cats showed only significant
peaks at 24 h and shorter ones at 12 h. Therefore, we con-
clude of two main daily peaks of locomotor activity and
food consumption, corresponding mostly to anticipation
of twilights (i.e. sunrise and sunset).

A great interindividual variability was observed in the
eating and activity behaviour of this population, as regu-
larly found in the literature (e.g. [21, 10, 26, 31]). The sex
of the cats was a factor that significantly impacted their
behaviour. The males, heavier than the females, tended to
be more active and were more rhythmic in their locomo-
tor behaviour as shown by a trend for larger daily ampli-
tude and lower interdaily stability. They ate significantly
more than the females and none of them were arrhyth-
mic in their eating behaviour, contrary to three females
out of seven. When looking at the mean hourly covered
distance and consumption, we noticed that the sex differ-
ences only happened at the peak hours, while both males
and females diminished their activity and consumption
simultaneously in the middle of the day and middle of the
night.

Circadian rhythmicity can only be measured in con-
stant conditions of light or darkness. Such study condi-
tions enable the detection of endogenous behaviour but
can erase external factors determining the natural pat-
terns in animals by not matching natural environmental
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conditions. Here, we measured daily rhythmicity in
indoor rooms where ambient humidity and temperature
were kept constant, but natural daylight was received
through several bay windows. Although this environment
prevented us to generalise our results to cats living in
outdoor conditions, it highlighted the impact of daylight
fluctuations, separated from other environmental daily
variations such as in ambient temperature and humid-
ity, on the locomotor and feeding rhythms of the cats we
studied. Moreover, the similarities we observed between
the behaviour of the cats of these studies compared to
cats living in wilder conditions, such as bimodality and
crepuscularity in their rhythms [4, 7] demonstrate some
factors determining their natural behaviour were still
present in the indoor environment they lived in for the
present study.

Based on actogram characteristics, L5 values, and
nocturnal and diurnal activity/consumption rates, we
attempted to further investigate differences among indi-
viduals by categorising them according to typical domi-
nant chronotypes: diurnal versus nocturnal. The main
difference between diurnal categorised individuals and
nocturnal categorised individuals resides in the more
pronounced peaks of activity and consumption at twi-
lights in the nocturnal categorised ones, while the activ-
ity and consumption troughs are similar between the
two types of individuals. Therefore, the chronotype cat-
egorisation, which has been commonly used in other
species, is difficult to highlight in the cats, which echoes
the variable and contradictory categorisations in the lit-
erature (e.g. [12, 19, 37]). Refinetti et al. [31] noticed the
chronotype spread (i.e. a measure of the variability of
chronotypes among individuals) was the greatest in cats
(23 h) compared to 15 other species, concluding the diur-
nal-nocturnal dichotomy should not apply to cats, as
some individuals are mostly active at day while others are
mostly active at night. Furthermore, for Refinetti [29], an
absence of daily rhythm in the body temperature of the
cat as found in the study of Hawking et al. [6] indicates
how the cat distinguishes itself from pure nocturnal spe-
cies or diurnal species for which the body temperature
reaches its acrophase, respectively, during the night or
during the day.

No general pattern emerged according to the chrono-
type categorisation. Nevertheless, regular peaks in the
feeding rhythm, and mostly in the activity rhythm of
the cats, have decidedly been demonstrated in every cat,
along a 24-hours periodicity. More precisely, most cats
showed two main peaks and troughs in the day, different
from unimodal circadian rhythms where only one main
peak and one main trough are usually demonstrated.
Bimodality, more than chronotypes, seems therefore the
best way to categorise the activity and feeding rhythms
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of the cats. Accordingly, Randall et al. [26] suggested that
“two peaks may be the one factor that is common to the
idiosyncratic patterns of entrainment in this species” and
Refinetti et al. [31] detected bimodality in the activity
rhythm of cats while chronotypes varied greatly among
individuals.

It is worth noting that some individuals—the nocturnal
categorised ones—ate practically not at all in the middle
of the day (between 11:20 and 15:00 h). This highly pro-
nounced trough, studied on a 7 days collection period,
should constitute a pertinent feature for the eating
behaviour of this species.

Systematically, the locomotor behaviour of the cats was
more rhythmic than their eating behaviour: the activity
rhythm of the cats was proved to have higher rhythm
amplitude, interdaily stability, less intradaily variability,
and every cat showed a 24-h periodicity in their activity
rhythm, while three cats were arrhythmic in their eating
behaviour. This difference in rhythmicity may explain the
less pronounced differences between categories in the
feeding rhythm of the cats, than in the locomotor activ-
ity rhythm. Besides, this observation may be due to the
opportunistic nature of this solitary hunter which, in the
wild, feeds on several small prey per day with various
rhythms (notably, diurnal birds and nocturnal rodents)
and may therefore display flexibility in its eating patterns
to adapt to the daily rhythms of its prey, as suggested by
Konecny [16].

One difficulty in the analyses of this study relied in
group differences. The mean daily covered distance dif-
fered significantly between them, group B being more
active. This may be explained by the fact that individuals
of group B had been living together for 5 years, whereas
two cats of group A were new to the group. Difference in
activity rate might be due to avoidance, a common aspect
in a solitary species in spite of large inter individual varia-
tion in tolerance: less tolerant individuals spending more
time in avoiding other conspecifics.

Along with this difference in covered distance, a group
effect affected sex and chronotype ratios: most cats of
group B were males, most individuals of group A were
females and males and females were mainly classified as
nocturnal and diurnal, respectively. Therefore, we could
not cross the sex and chronotype effects since it was not
equally distributed, and could not distinguish the sex
effect, the group effect and the chronotype effect from
each other. Mainly, the males, nocturnal and from group
B were more rhythmic and active than the females, diur-
nal and from group A. Nevertheless, this group difference
is interesting as it underlines the plastic behavioural char-
acteristic of this species, able to accommodate to group
behaviours [23]. Furthermore, it would be interesting to
establish whether intra-individual plasticity is stable or
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more variable with longer durations of data collection. It
is noteworthy that cats of a same group showed very sim-
ilar rhythms, while cats between the groups were more
different. This social aspect of the species living collec-
tively may confer an evolutionary advantage as it allows
the individuals to adapt to various living conditions.

Variations in activity and food intake may be sensi-
tive to exogenous factors, such as temperature or pho-
toperiod, and to human intervention. In our conditions,
we could not standardise human activity due to time
constraints imposed to technicians. This might have dif-
ferentially affected the activity of the cats. A greater sam-
ple size and a standardisation of human activity might
help in search of a daily rhythmicity in the activity of the
domestic cat.

Moreover, it would be of certain interest to compare
the rhythmic behaviours of indoor cats, such as those
of this study, with the behaviours of individuals having
access to outdoor environment. Differences in housing
conditions were proven to result in distinct daily activity
rhythms: a group of pet cats having low access to an out-
door garden lived in stronger symbiosis with their own-
ers and was most active during the photophase (daytime)
compared to individuals having outdoor access more
often and which exhibited more robust daily rhythmic-
ity and the highest level of activity during the scotophase
(nighttime, [23]). The results of the present study should,
however, be compared with observations from similar
activity tracking methodology, i.e. data from daily cov-
ered distance, contrary to studies using accelerometers
technologies (such as [23]), for example.

Conclusion

A proper analysis of daily rhythms requires reliable and
complex recording tools providing large and objective
numbers of data. During this study, we validated a new
way to analyse daily locomotor and feeding rhythms
in the cat using precise 24 h/24 automatic recording
technologies (i.e. UWB and passive RFID) and specific
chronobiological parameters in a colony of cats living in
an indoor environment. This population of cats showed
two main peaks of activity and consumption: in the
morning, especially before sunrise and renewal of food,
and in the evening, following the end of the work day of
the animal staff of cattery and before sunset. The cats
therefore displayed bimodality in their rhythms, along
24-h periodicity, which is not affected by the sex of the
cats. In order to better dissociate the influence twilights
have on feline behaviour, a similar study on cats at differ-
ent twilight times (e.g. according to seasons) could help
clarify it. This would also enable to study the impact of
day-length on the behaviour of cats. Our results open
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new avenues for developing nutritional and housing
guidelines fitted to the rhythms of the cats.
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