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The role of sexual reward in the
temporal patterning of
copulatory behaviour in male
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Abstract. In 8 male rats instrumental responses reinforced by contact
with an estrous female with an intact or a surgically closed vagina
were investigated. Contact with the female lasted until the end of the
mount bout. It was observed that neither the rewarding value of the
mount bout (expressed by the duration of the response) nor its arousing
properties (expressed by the rate of bar presses) depended on the
quality (mounts or intromissions) or quantity of the copulatory events
of which it was composed. It is suggested that the temporal patterning
of copulatory behaviour in male rats depends on fluctuations of sexual
reward. This sexual reward can be a result of both genital stimulation
as well as the performance of mounting under the influence of sign
stimuli coming from the estrous female.
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INTRODUCTION

The copulatory behaviour of the male rat con-
sists of a series of intermittent mounts accompanied
(intromission) or not accompanied (mount) by in-
sertion of the penis into the vagina occurring at in-
tervals ranging from several seconds to one minute
or more and terminated by ejaculation (Larsson
1956, Dewsbury 1967). These copulatory events
occur in clusters of 1-5 (mount bout) within a short
period (2-10 s) separated by longer intervals called
"time out periods"(Sachs and Barfield 1970, Sachs
and Barfield 1976, Sachs and Garinello 1978, Sachs
and Meisel 1988). Each copulatory event increases
sexual arousal (Beach 1956). This increase con-
tinues up to the moment when the ejaculatory thre-
shold is exceeded and ejaculation occurs. Sexual
arousal drops then to the zero level (Kurtz and Adler
1973).

The period of sexual quiescence following each
intromission has been attributed to feedback from
genital sensory stimulation received during the co-
pulatory behaviour and subsequent genital auto-
grooming (Beach 1956). However, when male rats
were prevented from achieving intromission (Sachs
and Barfield 1970, Lodder and Zeilmaker 1976),
they displayed mount bouts at a rate indistinguish-
able from the normal copulatory rate, despite the
conspicuous genital sensory deprivation.

On the basis of these results Sachs andBarfield
(1976) suggested that neither the somatosensory
nor the kinesthetic feedback from intromission is
required for a normal pattern of mount bouts. These
results support the previous suggestion of
Schoelch-Krieger and Barfield (1975) that there is
a copulatory clock which runs at a constant rate in-
dependently of sensory stimulation received during
copulatory behaviour. However, their conclusion,
that the temporal patterning of copulatory beha-
viour in male rat does not depend on sensory stimu-
lation received during copulatory behaviour
disregards one factor. This is the fact that the copu-
latory pattern in male rats consists not only of the

copulatory reflex (Hart 1968, Sachs 1983) but also
of the act of mounting (Barnett 1963).

It has been well established that drive can be sat-
isfied not only during stimulation of the adequate
exteroceptors (e.g taste receptors, genital receptors
etc., Konorski 1970) but also during the perfor-
mance of hereditary coordination under the in-
fluence of sign stimuli - the so called consummatory
act (Craig 1918, Heymer 1977). The performance
of the consummatory act "seems to satisfy the
animal" and bring about a sudden drop in moti-
vation (Tinbergen 1955). Thus we are dealing
here with two consummatory reactions each with
well expressed rewarding values. The first is re-
lated to exteroceptive stimulation and the second
to kinesthetic stimulation. For the purpose of ter-
minological convenience we denote them as "ex-
teroceptive consummation" and "kinesthetic
consummation" respectively.

Hence, during mating behaviour, the sexual
drive can be satisfied in two ways: (i) by stimulation
of the genital receptors and (ii) by performance of
hereditary coordination under the influence of the
sign stimuli coming from an estrous female. Extero-
ceptive consummation takes place during the intro-
mission of the penis into the vagina whereas the
kinesthetic consummation occurs during the
mount and the intromission as well. The fact that
male rats in a T-maze do not exhibit a clear tend-
ency to select an intact female over a female with a
closed vagina (Whalen 1961) supports this sugges-
tion.

There is much data indicating the rewarding
value of copulatory behaviour in the male rat
(Sheffield et al. 1951, Kagan 1955, Beach and
Jordan 1956, Ware 1968, Beck 1971, Beck 1980,
Beck and Chmielewska 1976, Everitt et al. 1987,
Pfaus et al. 1990) The purpose of the present study
was to analyze the role of sexual reward in the
temporal patterning of copulatory behaviour in
male rats. Specifically, the rewarding values of
the mount bouts were analyzed during the re-
sponse contingent presentation of an intact es-
trous female or an estrous female with a surgically
closed vagina.



METHODS
Animals

Eight male rats from the DA/Han/MrC strain
purchased from the Center of Clinical Medicine,
Polish Academy of Sciences, and twelve randomly
bread female Wistar rats were used. The animals
were 180 days old at the beginning of testing.They
were maintained on ad lib. food and water and a
reversed 121.:12D cycle, with light off from 9 to 21 h.
Both males and females were housed 3 per standard
laboratory cage.

Estrus in previously spayed females was induced by
s.C. injection of 25 pg of estradiol benzoate and 500 pig
of progesterone 48 and 3-6 hours before each session re-
spectively. Two kinds of stimulus females were used:
normal females (NF), and females with surgically
closed vaginae (CF). The vaginae of CFs were sewed
up under light ether anaesthesia 1 h before the session.

Apparatus

The apparatus (Fig.1) consisted of two compart-
ments, a larger one 40 x 30 x 30 cm in size called
the "arena" and a smaller one 20 x 30 x 30 cm called
the "subject compartment" The compartments were
connected by an opaque guillotine door. To permit
the observation of the animals the front walls of
both compartments were transparent. A 8 x 5 cm
barwas attached to the front wall of the subject com-
partment 7 cm above the floor.
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Procedure

During the sessions the male was put into the
subject compartment and the stimulus female into the
arena. The instrumental response consisted of 5 bar
presses. When the subject had accomplished the in-
strumental response, the door separating him from the
stimulus female was opened. The contact lasted up
to the end of mount bout (MB) or it was terminated
after 15 s if the copulatory behaviour was not dis-
played. Termination of the MB was assumed when the
subject displayed any behaviour which was not di-
rected toward the female except genital autogrooming
(Sachs and Barfield 1970). After each contact the male
either returned spontaneously or was forced back into
the subject compartment and the next trial pro-
ceeded. The sessions with NF were carried out up to
the first ejaculation, while the sessions with CF were
ended after ten trials. The stimulus female for each
subject was chosed randomly before each session.

The response latency (i.e., the time between the
closing of the subject in its compartment and the
first bar press ), the burst length (i.e., the time be-
tween the first and the last bar press), as well as the
sequence of copulatory events during MB were re-
corded on the computer (Amstrad 128). The re-
sponse latencies and the burst lengths were
recorded on line while the behavioural data were in-
troduced by the experimenter. The sessions were
performed once per week alternately with NF or
with CF. Five sessions with CF were performed by
each subject. The data obtained during these ses-
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Fig.1. Apparatus for in-
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sions was compared with the data obtaineded dur-
ing five sessions with NF.

Mount bouts classification

During the sexual contacts with females, three
types of mount bouts were observed: MBs com-
posed only of intromissions (II), MBs composed of
intromissions and mounts (MI), and MBs com-
posed only of mounts. MBs of the last type dis-
played during the contact with NF or with CF they
were denoted as (MN) and (MC) respectively.

Data analysis
The Kolmogorov-Smirnov goodness of-fit-test,

the Analysis of variance and the Pearson product-
moment correlation were used to analyse the data.

RESULTS

During testing with NF six subjects displayed all
three types of MBs (Il - 27% , MI - 47% and MN -
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Fig.2. Medians with quartils of the latencies of the instrumen-
tal responses succeeding particular types of mount bouts. II,
Mount bouts composed only of intromissions; IM, mount
bouts composed of mounts and intromissions; MN, mount
bouts composed only of mounts displayed during the contact
with normal female; MC, mount bouts composed only of
mounts displayed during the contact with the female with
closed vagina. For further explanation see text.

26%), while in the remaining two subjects only II
(55%) and MI (45%) were observed. As this last
group of 2 subjects was too small for statistical ana-
lysis only the data obtained in the first 6 subjects
were further analysed.

The median latencies of the instrumental respon-
ses immediately succeeding particular types of
MBs are depicted in Fig 2. The analysis of the cu-
mulative distributions of the data with Kolmogorov-
Smirnov test revealed that the latencies of the
instrumental responses preceded by MN, MC and
MI did not differ significantly and the latencies
of instrumental responses preceded by II were
significantly shorter than the latencies of in-
strumental responses preceded by MI and MC
(P<0.001).

The number of copulatory events per MB
(M/MB) varied from 1 to 9 and differed significant-
ly between particular types of MBs (as revealed by
Kolmogorov-Smirnov test, see Fig.3).

The one-way ANOV A analysis of the bar press-
ing rate preceded by particular types of mount
bouts revealed no significant difference (F=2.9,
df=559,3, P>0.05).

The correlations between M/MBs and the laten-
cies of succeeding instrumental response during
testing with NF or CF revealed insignificant corre-
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Fig.3. Medians with quartils of the numbers of mount per
mount bout. Abbreviations as in Fig.2.



lations of rgy= 0.099 and ray= 0.129 respectively.
Similar results were obtained when the correlations
between M/MB and the rate of bar pressing were
computed, rgy=0.016 for NF and rg4,= 0.005 for CF.

DISCUSSION

The following findings of this study are particu-
lary relevant to the understanding of the mechanism
responsible for the temporal patterning of copula-
tory behaviour in the male rat:

- the rewarding value of a mount bout did not de-
pend on the quality (mounts or intromissions) or
quantity of the copulatory events of which it is
composed.

- despite the conspicuous differences in the num-
ber of copulatory events per mount bout, the mount
bouts had the same rewarding values (expressed by
the duration of the latency of the succeeding in-
strumental response).

- the lack of correlation between the number of
copulatory events per mount bout and succeeding
response latencies.

Above findings indicate that the rewarding value
of mount bout did not depend on the rewarding values
of the particular copulatory events but on the total sex-
ual reward accumulated during the mount bout.

On the basis of these findings, the mechanism re-
sponsible for the temporal patterning of the copula-
tory behaviour in male rat can be explained in the
following way. During the respective copulatory
events which occur in the course of a mount bout,
the sexual reward resulted from both kinesthetic
and exteroceptive consummations accumulates up
to the moment when an optimal level of it is
achieved (Fig.4). As the result of this situation, the
transient inhibition of the copulatory hereditary co-
ordination occurs. Furthermore, when, as the result
of the temporal decay, the level of sexual reward de-
creases below a certain minimal level, this inhibi-
tion disappears. Then hereditary coordination is
displayed again and a new MB commences. Such a
mechanism can generate MBs composed of various
numbers of copulatory events (mounts or intromis-
sions) at intervals depending on the difference be-
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Fig.4. A, a schema representing the mechanism responsible
for the pacing of copulatory behavior in male rat. B, schematic
presentation of the relation between the sexual sexual reward
and respective copulatory events displayed during mount
bout. SR, social releaser; US, unconditioned stimulus; OL, op-
timal level of sexual reward; ML, minimal level of sexual re-
ward; M, mount; I, intromission; MB, mount bout. For further
explanation see text.

tween optimal and minimal level of sexual reward
and its temporal decay.

Both of these consummations lead also to the in-
crease of the sexual arousal. This increase continues
up to the moment when the ejaculatory threshold is
exceeded and the ejaculation takes place. Sexual
arousal then drops to the zero level (Kurtz and Adler
1973). The particular types of MBs exerted the same
influence on the sexual arousal (reflected by the rate of
bar-pressing in the succeeding instrumental response).

Some explanation is required for the fact that the
latencies of the instrumental responses succeeding
IT were significantly shorter than the other ones.
However it is not possible on the basis of the results
presented here.
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Summing up, the temporal patterning of copula-
tory behaviour in male rat seems to depend on the
fluctuation of sexual reward. This sexual reward
can be a result of genital stimulation as well as the
accomplishment of the hereditary coordination in
the stimulus situation. This explanation seems to be
more parsimonious then the "copulatory clock" hy-
pothesis. However the determination of which hy-
pothesis is right requires further investigation.
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