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Sex Differences in the Daily Pattern 
of Locomotor Activity in Laboratory Rats 
F. Wollnik 
lnstitut fiir Versucbstierkunde im Zentralen Tierlaboratorium 
der Medizinischen Hochschule, D-3000 Hannover 

Recent studies have shown that steroid 
hormones modulate circadian time
keeping processes in mammals [1]. 
Furthermore, the neuronal structure of 
the suprachiasmatic nuclei of the hypo
thalamus, which are essential for the 
generation and entrainment of circa
dian rhythms, appears to be sexually 
differentiated [2]. Although this mor
phological dimorphism is suspected to 
cause sex differences in the circadian 
control of various functions, only few 
studies have addressed this question 
[3-6]. 
The present study supplies information 
supporting an obvious sex difference in 
the daily pattern of locomotor activity 
in laboratory rats. Ultradian rhythms, 
which have been found to be geneti
cally fixed in two inbred strains of rats 
[7], are also sex-specific. They w~re ob
served in male animals of these strains. 
The females failed to show any ultra
dian rhythmicity. 

Adult male and female rats of the in
bred strains BH/Ztm (~/'¥, n = 6) and 
LEW/Ztm (~, n=12; ~. n=11) were 
bred in our laboratory on a light-dark 
cycle of LD 12: 12 under controlled en
vironmental conditions (room tempe
rature 22± 1 °C, relative humidity 
55±5%). Locomotor activity was 
measured continuously for 10 days with 
an electronic movement analyzer [8]. 
The animals were individually kept in 
polycarbonate cages (55 x 33 x 20 em) 
with free access to food and water. The 
periodicity of the activity patterns was 
examined using the "generalized har
monic spectral analysis" [9], which is 
based on the calculation of an autocor
relation function, and the "chi-square 
periodogram" [1 0], which is a modified 
version of Enright's periodogram. 
The locomotor activity patterns of a 
typical male and a typical female rat 
of the inbred strains LEW/Ztm and 
BH/Ztm are compared in Fig. 1. AI-
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though all animals were nocturnal, the 
most obvious differences between 
strains and sexes were apparent during 
the dark period. The LEW and BH fe
males exhibited a more or less constant 
level of activity during the dark period, 
while the males were characterized by 

a trimodal (LEW) or bimodal (BH) ac
tivity pattern. These activity distribu
tions give rise to ultradian frequencies 
of 4 and 4.8 h period length for the 
LEW male and 4, 4.8, and 6 h period 
length for the BH male. Tn the activity 
patterns of the BH and LEW females 

only a weak 12-h rhythm, but no ultra
dian periodicities were detected by ei
ther data analysis method . 
This sex difference applies equally to 
all animals of the particular strain. As 
the harmonic spectral analysis allows 
pooling of spectral estimates of several 
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Fig. 1. Double-plotted locomotor activity records of a typical male and a typical female rat of the inbred strains BH/Ztm and LEW/Ztm 
entrained to LD 12:12. Below the records of each animal the spectral analysis of these individual data is shown on the left, the chi-square 
periodogram on the right side 
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Fig. 2. Pooled spectral analysis of locomotor activity within both sexes of the inbred strains 
BH/Zlm, and LEW/Ztm. The 95% confidence limits of the spectral estimates of 11 animals 
are plotted as vertical lines 

individuals, animals of the same strain 
and sex can be grouped together and 
the groups compared with each other. 
The pooled spectral analysis of both 
male and female rats of the two inbred 
strains are shown in Fig. 2. Differences 
in the amplitude of distinct spectral 
estimates were examined with Stu
dent's l-test. 
The BH strain showed significant sex 
differences in regard to the 24-h com
ponent, the 24-h component of the fe
males (S'=839±212) being twice that 
of the males (S' = 395 ± 235). More
over, the spectral analysis of the male 
BH rats included ultradian compo
nents of 12 h (S' = 331 ± 144), 6 h 
(S'= 323±271), 4.8 h (S'=278± 199), 
and 4 h (S' = 179 ± 90) period lengths. 
The amplitudes of these periods were 
significantly higher than corresponding 
amplitudes in the spectrum of the BH 
females. 
The spectral analysis of the LEW strain 
showed a 24-h component which did 
not differ significantly between males 
(S' = 584 ± 132) and females (S' = 
483 ± 164). Additional ultradian com
ponents of 4.8 (S' = 311 ± 92) and 4 b 
(S' = 225 ± 135) period lengths oc
curred only in male animals. 
Sex differences in the daily pattern of 
locomotor activity were observed in 
two inbred strains of laboratory rats. 
The amplitude of the 24-h rhythm was 
significantly lower in male rats of the 
BH strain than in females of this strain. 
Although this observation is limited to 

only one strain, it supports earlier re
ports which suggested sex-related dif
ferences in the circadian system of the 
rat [1 , 3, 4). Female rats have been 
found to show daily rhythmicity in 
neuroendocrine functions, related to 
the timing of ovulation, not seen in 
males [3). Females, like\vise, have a 
higher plasma corticosterone concen
tration peak than males [4). 
Since ultradian rhythms in locomotor 
activity were observed only in male an
imals of the LEW and BH strains, the 
data additionally indicate that ultra
dian rhythms in locomotor activity are 
sex-specific. Ultradian rhythms are 
known to exist in laboratory rats (11, 
12], and it has been shown that their 
existence is connected with a distinct 
genetical background [7]. Causal and 
functional analyses of ultradian 
rhythms, however, have only just be
gun. 
Measurements performed on rats of 
the BH and LEW strains under contin
uous light conditions confirmed the 
assumption of an independent ultra
dian oscillator which causes activity 
rhythms in the LEW and BH strains 
[7]. Other authors [13), however, sug
gest that ultradian rhythmicity reflects 
the activity of several circadian oscilla
tors coupled to one another in various 
phase relations (i.e. 4.8 h or 4 h apart). 
The known multioscillator structure of 
the pacemaker system provides several 
possibilities concerning the specific na
ture of the observed ultradian rhythms, 

which might also result from the differ
ent hormonal environments of the 
sexes. 
Testosteron, for instance, plays an im
portant role in the circadian organiza
tion. This is suggested by the observa
tion that in starlings testosterone pro
voked "splitting" of the activity 
rhythms into two components, which 
temporarily free-ran with different cir
cadian frequencies [14]. Testosterone 
may, therefore, be involved in the 
coupling of circadian oscillators con
trolling the rhythm of locomotor activ
ity. A recent report on female ham
sters also indicated that gonadal ste
roids may play a role in synchronizing 
a multioscillatory circadian system. In 
this particular study, however, splitting 
was associated with low estrogen levels 
[15]. As is the case with many other 
sexually differentiated behaviors [16], 
the hormonal environment during a 
critical stage of development deter
mines how the adult circadian system 
will respond to hormonal signals [5, 
17]. 
Further studies are needed to under
stand the nature of ultradian rhythms 
and to determine the extent to which 
the difference between male and female 
rats may depend on the adult or perina
tal hormonal environment. 
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