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Abstract—In three Far Eastern male forest cats (Prionailurus bengalensis euptilura) and four male
domestic cats (Felis catus) with preimplanted (under general anesthesia) loggers, deep
subcutaneous back temperature and motor activity were recorded in captive conditions for two
months in the fall–winter period. It was found that in fall, at positive daytime temperatures, the
circadian rhythm of body temperature is absent in Far Eastern forest cats and weakly expressed in
domestic cats. However, it reappears during the period of winter cold in the form of fluctuations,
synchronous in all animals, with an amplitude of 3–4°C and acrophase in the middle of the daylight
period and a minimum in the middle of the night. For comparison, the recording of the “core”
body temperature and activity in two female domestic cats kept in the same season in the laboratory
revealed no comparable rhythms. It is concluded that the rest�activity and deep subcutaneous
temperature circadian biorhythms are not constant characteristics of the body of Far Eastern forest
and domestic cats, but can appear, disappear and change radically with changes in ambient
temperature.

DOI: 10.1134/S002209302205009X

Keywords: Far Eastern forest cat, domestic cat, body temperature, motor activity

INTRODUCTION

The Far Eastern (Amur) forest cat (Prionailurus
bengalensis euptilura) is a northern subspecies of
the Bengal cat. This little�studied wild species has a
number of interesting ecological and physiological
adaptations that allow it to endure a long and frosty
winter, although this animal does not have the abil�
ity to move on loose snow and cannot hunt during
this season [1–4]. Here, for the first time, we made
an attempt to record, using implanted loggers, rest�
activity and body temperature circadian rhythms of
male Far Eastern forest cats in captive conditions

in the fall–winter period. For comparison, similar
records were made in parallel in male domestic cats
(Felis catus) under the same conditions.

Although cats of both sexes have been one of
the most common laboratory animals throughout
the 20th century and the main object of somno�
logical experiments, ecophysiological studies have
never been carried out on them. It is unknown
how the feline organism behaves not only in the
Far Eastern forest cats, but also in domestic cats
with a constant stay in natural or semi�natural
conditions. There are only a few fairly old works
that compared the rest�activity and body tem�
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perature circadian rhythms in cats under labora�
tory conditions, the results of which are very
contradictory and not very convincing [5–7].
Some authors believe that regular circadian fluc�
tuations in the sleep�wake cycle and body tem�
perature are completely absent in domestic cats
[8]. To verify the presence (or absence) of circa�
dian rhythms in these animals under domestic
conditions, the results were compared with data
obtained from the two female laboratory cats.

MATERIALS AND METHODS

Several Far Eastern forest and domestic cats
were constantly kept from the moment of birth in
spacious individual enclosures in a forest area at
the Center for Collective Use “Live Collection of
Wild Species of Mammals” on the territory of the
scientific/experimental base (SEB) Chernogolovka
(Severtsov Institute of Ecology and Evolution of
the Russian Academy of Sciences; SIEE RAS).
Each enclosure had a small shelter house with hay
bedding. The enclosures were in natural light.
There were no additional illumination either in the
enclosures themselves or on the adjacent territory.
Animals received a rationed feed (200 g of minced
chicken) once a day at about 6 PM, 6 days a week.
Three adult male Far Eastern forest cats (age 2–

3 years, weight 5–6 kg) and four adult male domes�
tic cats (age 2–3 years, weight 4 kg) were generally
anesthetized (for Far Eastern forest cats, 0.1 mg
Zoletil + 0.7/0.8 mg Rometar per animal; for
domestic cats, 0.08 mg Zoletil + 0.6/0.7 mg
Rometar per animal; i.m.) and implanted through
a small incision at the withers with ecologgers
(miniature autonomous temperature sensors
equipped with accelerometers, manufactured by
Embi Research LLC, Novosibirsk [9]) between the
muscles of the interscapular region of the back, to a
depth of 2–3 cm from the body surface. The inci�
sion was sutured; the animals were given an antibi�
otic and placed back in their enclosures.

Deep subcutaneous body temperature was
measured in centigrade (°C), and motor activity
was measured in conventional units (fractions of
G, where dG is the resulting acceleration in three
dimensions). The temperature and motion sen�
sors were taking measurements every minute,
averaged them over a period set by the user, and
stored them in internal memory. In this study, the
averaged period was 10 minutes. In this mode, the
ecologger battery held its charge for 9–10 weeks.
Recording lasted 65 days in the fall–winter
period, from 10.28.2021 to 01.05.2022. At the end
of the experiment, the animals were reanesthe�
tized in the same way to remove the loggers and

Fig. 1. Male Far Eastern forest cats. Fragments of a 2�month recording. Top: body temperature (T, upper curves) and motor
activity (dG, lower curves) during the fall period (October 31–November 10, 2021). M ± SEM (n = 3). The abscissa shows the
time of day in h. On the left ordinate—deep subcutaneous temperature of the interscapular region of the back (10°C/scale). On
the right ordinate—accelerometer readings (0.8 dG/scale). Shaded areas are night periods. Below: the same in winter
(December 26, 2021–January 04, 2022).
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suture the incision; finally, the animals were given
an antibiotic and returned to their enclosures.

For comparison, in two female laboratory cats
with chronically implanted (for the purpose of
another experiment) Pavlovian intragastric fistu�
las, a similar recording was carried out by placing
ecologgers inside the fistula. In one cat (no. 1),
recording was carried out in the summer–fall
(08.22.2019–10.01.2019), while in the other
(no. 2)—in the fall–winter (10.22.2021–
12.28.2021) periods. All this time, the cats were
kept in the laboratory at room temperature and
under mainly natural light with the overhead light
off, water and food were available ad libitum.

The data from the ecologgers’ information stor�
ages were read by a special device and processed in
Excel with the determination of the mean values
and the standard error of the mean (M ± SEM).

All experimental procedures performed in this
study complied with the ethical standards

approved by the legal acts of the Russian Federa�
tion and the principles of the Basel Declaration,
and also were approved by the Bioethics Commit�
tee of the SIEE RAS.

RESULTS

As seen from the fragments of records of the Far
Eastern forest cats (Fig. 1), the dynamics of the
recorded parameters in the fall (October 31–
November 11) and winter (December 26–Janu�
ary 3) periods differed significantly. Daily data
averaging (Fig. 2, left side) confirmed this impres�
sion. During the fall period, when mean air tem�
perature was +6°C in the daytime and +4°C at
night, no clear circadian rhythm of subcutaneous
body temperature was observed. The deep subcu�
taneous temperature of the back showed random
fluctuations around the “set point” of 36.1°C. On
the contrary, locomotor activity underwent a reg�

Fig. 2. Far Eastern forest cats. Intraday dynamics of body temperature (top) and locomotor activity (bottom), averaging over 3
animals × 10 days (M ± SEM) in fall (left, mean temperature +6°C during the day and +4°C at night) and winter (right, mean
temperature –9°C during the day and –13°C at night). The abscissa shows the time of day in h. On the ordinate axes, at the
top—deep subcutaneous temperature of the back (6.4°C/scale), at the bottom—accelerometer readings (0.2 dG/scale).
Shaded areas—night periods.
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ular circadian shift with lower values during day�
light hours, which is natural for nocturnal
predators. However, with the onset of cold
weather (–9°C in the daytime and –13°C at
night), the dynamics of deep subcutaneous back
temperature changed significantly (Fig. 2, right
side). At night, the subcutaneous back tempera�
ture of the Far Eastern forest cats dropped to
33.2°C. Approximately since midnight, deep sub�
cutaneous back temperature began to increase
rapidly, reaching a maximum (36.5°C) at dawn
and remaining as a plateau for 5 h. Then, its grad�
ual decline began, ending between midnight and
1AM. The mean value of the deep subcutaneous
back temperature in Far Eastern forest cats in
winter was 35.1°C, i.e. 1°C lower than in fall.
These fluctuations in body temperature occurred
synchronously and in phase in all three animals.
At the same time, the motor activity rhythm of the
animals smoothed out, and the difference
between daytime and nighttime activity levels dis�
appeared.

In domestic cats (Figs. 3, 4), deep subcutane�
ous back temperature fluctuated around the “set
point” of 36.9°C during fall; at the same time, it
dropped slightly at night, reaching a minimum
(36.2°C) by 5AM, and rapidly rose afterward,
reaching 37.5°C by dawn (6:30–7AM). After

dawn, body temperature dropped sharply to
36.4°C and rose again to 38°C by 1PM (noon local
solar time). Then the subcutaneous body tem�
perature of domestic cats underwent a gradual
undulating decrease. Motor activity did not
change significantly; however, it is noticeable that
both rises in body temperature (at 6AM and 1PM)
coincided with a slight increase in the dG value.

In winter, subcutaneous temperature at night
dropped to 34.4°C. From about 3AM, it began to
rise, reaching the acrophase (38.3°C) by 2PM,
after which there was a sharp decline, ending at
about 7PM. From 7PM to 3AM, the subcutane�
ous back temperature of domestic cats remained
at a low level of 34.4–35°C. The mean value of
deep subcutaneous back temperature in domestic
cats in winter was 35.8°C, i.e. 1.1°C lower than in
fall. As for motor activity, its pronounced peak
was noted, with the maximum coinciding with the
acrophase of body temperature. All these fluctua�
tions occurred synchronously and in phase in all
four cats.

In laboratory cats kept at room temperature,
there were no significant and regular fluctuations
in the temperature of the loggers located inside
the gastric fistula, with the exception of a slight
(by 0.3°C) drop in body temperature at sunrise
(Figs. 5, 6). In general, the temperature in the

Fig. 3. Male domestic cats. Mean data for 4 animals (M ± SEM). Designations as in Fig. 1.
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stomach cavity was much higher than between the
back muscles (38.5–38.6 versus 36.9°C on aver�
age) and more stable, obviously reflecting the
thermoregulation of the body’s “core”. The
motor activity in cat No. 1 showed slight aperi�
odic rises, but no consistent relationship with the
light–dark cycle was seen.

DISCUSSION

Circadian rhythms of activity and body tem�
perature are influenced by such external factors as
ambient temperature and light. However, sea�
sonal studies of resting activity and body tempera�
ture were only carried out in just a few
mammalian species, such as the sheep [10], horse
[11], giant African rat [12], wolverine [13], and
oryx [14]. In cats, similar studies have not been

reported in the literature. The present study shows
that the rest�activity and subcutaneous body tem�
perature circadian biorhythms are not constant
characteristics of the organism of the Far Eastern
forest cats and domestic cats, but can appear, dis�
appear, and radically change while the ambient
temperature changes. At positive values of the
ambient air temperature, the circadian rhythm of
the subcutaneous back temperature in Far Eastern
and domestic cats is weakly expressed or com�
pletely absent. Small carnivores, sables and fer�
rets, living under similar conditions at the SEB
Chernogolovka, also demonstrate weakly pro�
nounced rest�activity and abdominal tempera�
ture circadian rhythms in fall, which is not clearly
associated with changes in illumination [15].
However, at negative ambient temperatures, cats
demonstrate rhythmic fluctuations in subcutane�

Fig. 4. Domestic cats. Mean data for 4 animals × 10 days (M ± SEM). Designations as in Fig. 2.
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ous temperature. At the same time, the synchro�
nous and in�phase nature of the emerging
biorhythms in all our animals indicates that they
are subject to some external pacemakers. Judging
from our data, the circadian fluctuations in exter�

nal temperature and the alternation of day and
night can be such pacemakers.

Obviously, with the onset of frosty weather, the
organism of an animal living in enclosures has to
adapt, maintaining a relatively constant tempera�

Fig. 5. Top: laboratory female domestic cat no. 1. A fragment of the 1.5�month record in the summer–fall period (August 30–
September 11, 2019; 10°C/scale as in Figs. 1, 3). Bottom: the same, female cat no. 2, winter period (December 17–December 26,
2021). Other designations as in Fig. 1.

Fig. 6. Left: laboratory female domestic cat no. 1, summer–fall period. Right: laboratory female domestic cat no. 2, fall–win�
ter period, 1°C/scale and 0.17 dG/scale for upper and lower ordinates, respectively. Other designations as in Fig. 2.
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ture of the body “core”. To do this, the animal
strongly reduces heat loss by decreasing the
peripheral blood flow, as reflected in the time
course of deep subcutaneous temperature. These
cyclic fluctuations, in turn, reflect the ambient air
temperature (maximum in the afternoon and
minimum in the early hours of the night/morn�
ing). Interestingly, the similar dynamics of subcu�
taneous temperature, reflecting the ambient
temperature, is also observed in the oryx during
adaptation to high temperatures [14].

As for physical activity, the Far Eastern forest
cats, which accumulate a thick subcutaneous fat
layer by winter, demonstrate no need for the addi�
tional muscle warm�up. In winter, their motor
activity somewhat decreases at night and increases
in the daytime, so that in general it is not higher in
winter than in fall. Domestic cats, which have no
such a powerful “thermal insulation”, have to move
around their enclosures for additional warming up.
At the same time, an increase in daytime motor
activity in fall and, especially, in winter was unex�
pected in “nocturnal” predators, domestic cats.

Our experiments with recording the “core”
body temperature in a pair of domestic female
cats confirm the point of view of Jouvet and other
authors on the absence of rest�activity and body
temperature circadian rhythms in these animals
during constant stay at room temperature [5, 8].
These rhythms obviously form under the influ�
ence of external factors, the main of which is the
low ambient temperature.

Noteworthy is a clear temperature drop that
occurs at dawn in female laboratory cats. Accord�
ing to the averaged data, this decline turned out to
be very similar to that in domestic male cats living in
enclosures at much lower fall temperatures, being
however 5 times less in its amplitude (cf. Fig. 6 and
Fig. 4). This decline was noted when averaging data
of all six domestic animals involved in the present
study, regardless of their sex, environmental condi�
tions and logger location, differing only in ampli�
tude. This allows such a fluctuation to be considered
as a real marker of the circadian rhythmicity of the
body temperature in domestic cats.

A comparison of these results with our previous
[15] and literature data [16–19] shows that mam�
mals have at least three different strategies for
adapting to cold.

(1) Hibernation and torpor [16–19].
(2) An increase in behavioral activity aimed at

additional warming up during the 12�h active
period of the day, with the maximum body
(abdominal) temperature reached in the middle of
the subjective night, which allows the animal (fac�
ultative hibernators, Mongolian hamsters) to
maintain internal heat during the 12�h period of
behavioral rest (subjectively, in the daytime). It is
reflected in an increase in the amplitude of syn�
chronous circadian rhythms of body temperature
(threefold, from 0.5 to 1.6°C) and motor activity
(twofold) [15].

(3) Shivering and non�shivering thermogenesis
[18] without pronounced behavioral activation in
the night and morning hours and with the maxi�
mum subcutaneous temperature achieved in the
middle of the day (Far Eastern forest and domes�
tic cats). It is reflected in the generation of a pro�
nounced circadian rhythm of body temperature
(with an amplitude of deep subcutaneous tem�
perature fluctuations of 3–4°C) without signifi�
cant changes (at least in Far Eastern forest cats) in
the parameters of motor activity.

Thus, the present study represents the first
attempt to record such fundamental characteris�
tics as circadian rhythms of body temperature and
motor activity level at different ambient tempera�
tures in Far Eastern forest cats as compared with
their domestic relatives.
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