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Ultradian Rhythms of Body Temperature Are Associated with 
Temperament in Greenfinch (Chloris chloris, Fringillidae, Aves)
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Abstract—Previously, in male Greenfinch, we have described ultradian rhythms of body temperature with
periods of 3–6, 8–10, 12–20, and 40–60 min. There are individual variations in this rhythmicity. Rhythms
with a period of 3–7 min are more characteristic of some males but not for the others. These males had small
values of the ratio of the harmonic spectral density in the range of 12–20 min to the harmonic spectral density
in the range of 3–7 min. In this study, we hypothesized that ultradian rhythmicity of body temperature f luc-
tuations is related to the nervous system activity in general and to temperament in particular. We have con-
ducted two sets of experiments for estimating the aggression level (n = 12 males) and reaction to novelty (n = 17).
Individuals with predominant rhythms with a period of 3–7 min are less aggressive and more slowly adapt to
new conditions. Thus, the ultradian body temperature rhythmicity in Greenfinch is related to their behavioral
features and temperament.
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Cyclicity is typical of many natural processes. It
often coincides with the cyclicity of abiotic factors:
e.g., seasonality or alternation of the dark and light
times of the day. However, ultradian rhythms with a
period less than 24 h are also known. They are less
studied; their functional significance is less clear [1].
The manifestations of ultradian rhythmics can affect,
e.g., the level of hormones in the blood, physical activ-
ity, heart rate [2–4], as well as body temperature.

We have previously studied body temperature in
greenfinch (Chloris chloris) [5]. This species has a tem-
perature 4–5°C lower at night than during the day
(Fig. 1a). During the day, ultradian rhythms with an
amplitude of less than 0.3–0.5°C were revealed (Fig. 1b).
In most males, these rhythms are grouped in several
frequency ranges; their periods are about 40–60, 16–
20, 11–13, 6–8, and 3–5 min. The amplitude of the
rhythms has individual variability. In particular, some
males were distinguished by pronounced 3- to 7-min
rhythms (red line in Fig. 1b).

The body temperature dynamics in the range of
about 3–20 min in both animals and humans is prob-
ably determined by the tone of the autonomic nervous
system: both sympathetic and parasympathetic inhibi-
tion leads to the disappearance of oscillations [6]. One
of the effective physiological methods for assessing the
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regulatory effects of the autonomic nervous system, in
particular on the heart, is heart rate variability [7].
This method is used not only to study the activity of
the cardiovascular system, but also to assess the adap-
tive capabilities of the whole organism, which is
reflected in the balance of sympathetic/parasympa-
thetic responses. An important indicator in the
method of assessing heart rate variability is the ratio of
high and low frequency rhythmic changes in the time
intervals between heartbeats. We assumed that a simi-
lar technique for analyzing rhythmic changes in body
temperature in a lower frequency range of periods can
be informative for assessing the balance of the auto-
nomic nervous system, whose lability is associated
with the concept of the strength of the processes of
excitation and inhibition of the central nervous sys-
tem. Consequently, the individual characteristics of
body temperature rhythm can be associated with the
temperament of animals and/or their behavior. In this
study, we correlated the behavioral features of male
greenfinches with the distinctness of ultradian
rhythms of body temperature changes in the range of
3–20 min.

Greenfinches were caught in September–October
2019 and 2020 in the village of Yarustovo (Ryazan
oblast). The birds were kept until next spring in indi-
vidual cages indoors. In the winters of 2019–2020 and
2020–2021, we kept 12 and 17 males, respectively. For
standardization, the study in the winter 2020–2021
was carried out on birds under the age of one year. The
body temperature dynamics was recorded in Decem-
ber: 9 and 14 males were studied in 2019 and 2020,
3
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Fig. 1. Dynamics of the body temperature of greenfinches (a) during one day and (b) for two daytime hours of the same day. The
data are given for two males, with a short (red line) and an extended (blue line) yellow area on the rectrix.
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respectively. Body temperature was recorded using
DTN4-28 sensors (Embi Reserch), which were
implanted into the abdominal cavity for 20–40 days.
Zoletil (Virbac Sante Animale) was used as an anes-
thetic during the surgery; it was injected intramuscu-
larly at a rate of 3–7 mg/kg. The sensor allows record-
ing the body temperature every minute and accumu-
lating data for the entire period of the experiment. The
power spectral density of the rhythms was determined
by the fast Fourier transform method using the Statis-
tica 7.0 software. Then, we calculated the average
spectral density in the ranges of periods of 12–20 and
3–7 min, and found their ratio (hereinafter: the ratio
12–20/3–7 min). This indicator reflects the severity of
the amplitude of rhythms with periods of 12–20 min in
relation to rhythms with periods of 3–7 min.

To assess the behavioral characteristics of different
males, we used two approaches, direct and indirect. As
an indirect method, we used the plumage coloration,
which in birds can reflect the characteristics of behav-
ior and temperament, e.g., the level of aggressiveness
or courage ↔ cowardice [8, 9]. We used the extent (in
percent of the total length) of the yellow field of the
second rudder from the edge. This feather is two-col-
ored, its distal part is black, and the base is yellow. Pre-
viously it was shown that this trait is individual (it stably
differs between individuals) and is probably associated
with the physiological and/or genetic characteristics of
birds [10].

For the direct assessment of behavior, two series of
experiments were carried out. In the winter 2019–
2020, we studied the aggressive behavior of birds, and
in the winter of 2020–2021, reaction to novelty.

To study aggressive behavior, in each of the six
cages two males were placed. The “pairs” selection
was based on the contrasting length of the yellow part
of the rectrix; both birds also belonged to the same age
cohort.
After 2–3 weeks, a more aggressive dominant and a
subordinate was revealed in each cage. All subordi-
nates of the greenfinch lost most of their plumage of
the occipital region (it was plucked out by the domi-
nant bird). The dominant male in all cases was the one
with a greater length of the yellow part of the feather.
The median ratio of 12–20/3–7 min was higher in
dominants: 2.6 (2.3–2.9, n = 4) in dominants versus
2.2 (1.0–2.4, n = 5) in subordinates (the differences
were significant according to the Mann–Whitney test:
W = 18.5, p = 0.049).

The reaction to novelty was studied in 17 males.
The experiments were carried out according to the
method described in [8]. At 10 a.m., the birds were
deprived of food. After 3.5 h, a new brightly colored
feeder was placed in the cage. The time after which the
bird began to peck seeds from it (approach latency)
was noted. It served as an indicator of the bird’s reac-
tion to novelty. If the male did not approach the feeder
for 30 min, the experiment was terminated. The exper-
iment was repeated twice, with an interval of about
10 days for each of the males. In the first series of
experiments, the feeder was orange, and in the second,
it was bright blue. In experiments with an orange
feeder, 12 out of 17 males approached it within 30 min.
All 17 birds approached the blue feeder. The approach
time to one or another feeder were correlated: Spear-
man’s correlation coefficient R = 0.65, p = 0.023, n =
12. This means that this experiment reveals individual
characteristics of behavior.

The Generalized Linear Mixed Model (GLMM)
was used to identify the relationship between the 12–
20/3–7 min ratio and the approach latency. In this
analysis, a random factor was used, namely, the body
weight of the male, measured in the early morning on
the day of the first experiment. This was done because
the body state of birds can affect food motivation and,
subsequently, the experiment. The approach time to
the orange feeder did not significantly depend on the
DOKLADY BIOLOGICAL SCIENCES  Vol. 499  2021
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Fig. 2. The approach time for (a, c) the orange feederin the first series of experiments, and (b, d) the blue feeder in the second
series of experiments, depending on the ratio 12–20/3–7 min (top) and the proportion of yellow area from the total length of the
4th rectrix (%) (bottom).
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ratio 12–20/3–7 min (GLMM: d.f. = 7, t = –1.69,
p = 0.135, n = 9); however, the approach latency in
case of the blue feeder, depended (GLMM: d.f. = 12,
t = –1.81, p = 0.005, n = 14). The nature of the depen-
dence was similar in both experiments (Figs. 2a, 2b).
The approach time to the orange (GLMM: d.f.= 10,
t = –0.99, p = 0.027, n = 12) and blue (GLMM: d.f.=
15, t = –1.13, p = 0.004, n = 17) feeders significantly
depended on the length of the yellow field of the
feather (Figs. 2c, 2d).

Our experiments have shown that birds with a
shorter yellow color on the rectrix (1) were subordi-
nate in paired sittings and (2) were less risk-averse
(their approach latency to the unfamiliar feeder was
longer). According to the data for both years of the
study, the length of the yellow area on the tail cor-
related with the ratio 12–20/3–7 min: Spearman’s cor-
relation coefficient R = 0.69, p < 0.001, n = 23 (Fig. 3).
This means that in subordinate and fearful birds (little
yellow area) ultradian rhythms of body temperature
with a periodicity of 3–7 min were more pronounced
(example: Fig. 1b).
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Interestingly, the dose of anesthetic (zoletil)
required to immobilize birds with a high proportion of
yellow area in the tail (70–80%) was 1.5–2 times
higher than for birds with a small proportion of yellow
area. This additionally confirms the difference in the
reactivity of the nervous system in greenfinches with
varying degrees of yellow color development on the
tail feathers.

The similar data is also known from literature. In
barn owl chicks (Tyto alba), the dependence of the size
of black plumage spots on the duration and distinct-
ness of ~4-h ultradian rhythms of alternation of activ-
ity/rest was revealed [1]. The authors associate this
fact with various behaviour strategies inherent in many
animals, proactive and reactive [11]. The results of our
research show that male greenfinches with a small area
of yellow in the tail and pronounced 3- to 7-min fluc-
tuations in temperature can be attributed to reactive
individuals, more “cowardly” and less aggressive.

The pattern identified, the predominance of high-
frequency f luctuations in the dynamics of minute
changes in body temperature in less emotionally stable
individuals, is probably determined by endogenous
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Fig. 3. Relationship between the ratio 12–20/3–7 min and
the proportion of yellow area in the total length of the
fourth rectrix (in percent).

70

Proportion of yellow area on the rectrix, %

60

50
1.0 1.5 2.0 3.0

12−20/3−7 min ratio
2.5
factors associated with the peculiarities of the func-
tioning of the autonomic nervous system. However,
we have previously shown that the body temperature
dynamics is influenced by an environmental exoge-
nous factor [5]. In particular, a connection was estab-
lished between fluctuations in body temperature in the
range of 4–16 min with Pc5 pulsations of the geomag-
netic field [12]. In our study, the birds that were less
aggressive and fearful of new objects had more pro-
nounced short-period f luctuations in body tempera-
ture and, probably, greater sensitivity to the geomag-
netic field, in contrast to individuals showing a ten-
dency to dominate and more confident behavior.

In this study, we have demonstrated the possibility
of assessing the state of the autonomic nervous system
by the severity of the harmonic spectral density of
body temperature changes in different ranges of peri-
ods. This technique can also be used in the study of
individual psychophysiological reactions, the level of
stress load, and other biological parameters, which are
reflected in the balance of the sympathetic/parasym-
pathetic activity of the autonomic nervous system.
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