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The study shows that although many features of copulation in decorticate male rats are normal, copulatory success 1s
importantly dependent upon the control of approaches exerted by the normal female rat Copulation by neonatally decorticated
adult rats and normal adult rats was studied in cohabitation and videotaped tests Seven of 10 decorticate rats and 6 of 6 normal
rats sired pups 1 the cohabitation test When mtially paired with ovariectomized and primed female rats, in the wideotaped
tests, all normal rats, but only one decorticated rat, copulated All decorticate rats made movements indicative of sexual interest
including treading on the female’s back, passing over the female, and sniffing the female’s gemitals After activating stimulatton,
5 of 6 remaming decorticated males copulated After one successful mount the remaining copulatory patterns proceeded relatively
normally Numbers of mounts, mtromissions, ejaculations, postejaculatory songs, and the intromission and ejaculatory patterns
were like those of control rats, although the decorticate rats had fewer mount bouts and showed abnormalties 1n the execution
of movements Precopulatory movements were notated, using the Eshkol-Wachmann system, and compared with copulatory
movements Non-copulatory and copulatory approaches were similar, except that clasping appeared to be the key movement
involved 1n the transition of an approach movement nto a copulatory movement The analysis also showed that the females’
movements of hopping, turming, and kicking were important for regulating the males’ approaches, and were instrumental n the
success achieved by the decorticated males The study shows that although the cortex, insofar as 1t facilitates the appearance
of certain movements and contributes to their efficiency, is involved in male sexual activity, tn its absence well orgamzed sexual
activity 1s possible, although this 1s dependent, i part, upon the behaviour of the female

INTRODUCTION copulation were thought to be important for the

following reasons First, they would be relevant to

Male rats with neocortex or neocortex plus
limbic cortex removed are able to copulate suf-
ficiently well to sire pups®’ This result was estab-
lished indirectly by collecting evidence that 1ssued
from long periods of cohabitation between decor-
ticated male and normal female animals. Smce no
direct observation of the mating activity of totally
decorticate male rats has been made, the central
purpose of this study was to describe the mating
activity of male decorticate rats Observations of

Beach’s?™>, now classic, dual-factor model of
sexual arousal The model postulates that mating
1s under the control of a sexual arousal mecha-
nism, which 1s responsible for bringing the male to
the threshold for copulation, and an mtromission
and ejaculatory mechanism, which regulates sub-
sequent sexual activity In his semnal paper on
the behaviour of partially decorticated male rats,
Beach? suggested that cortical lesions reduce the
responsiveness of the male rats by decreasing
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their sexual arousal His conclusion that complete
decortication abolishes sexual arousal completely
was, of course, only inferential because his largest
ablation removed only 799, of the neocortex, and
thus was not complete, and also because copula-
tory behaviour was not observed 1n the animals
with the largest ablations It 1s possible that his
rats with large ablations had some other, perhaps
subtle, but critical, abnormality that escaped ana-
lysis Since it has now been demonstrated that
decorticated rats can copulate, observations of
their behaviour may produce results that can bear
upon this 1ssue

A second reason for observing copulation 1s to
obtain information about the contribution of cor-
tex to the control of complex motor behaviour It
has been suggested that the absence of sexual
behaviour in male rats, as opposed to female rats,
1s attributable to the complexity of this species-
typical behaviour’ Without examination, how-
ever, 1t 1s not possible to specify whether this
species-typical behaviour 1s abnormal Also,
some species-typical behaviours, eg, nest
building, seem to depend upon the integrity of the
cortex'®3¢, whereas others, e g, grooming, do
not>*** Thus, 1t 1s becoming clear that before
generalizations about the neural control of var-
1ous complex behaviours can be made, cortical
mvolvement 1n all species-typical movement se-
quences should be examined Copulatory behav-
1our 18 particularly interesting because 1t 1s one of
the male rats’ most complex motor sequences,
mnvolving as 1t does, the integration of movements
that include locating a female, following her, per-
forming a series of copulatory acts, grooming,
etc , all of which must be appropriately timed and
mtegrated and which may continue repeatedly, 1n
sequence, for a number of hours** If the cortex 1s
thought of as being mvolved n controlling com-
plex motor activity, then 1t would be predicted
that the male rats’ copulatory behaviour would be
disorganmized If copulatory behaviour 1s relatively
normal, the results would suggest that complexity
per se 1s not a charactenstic of behaviour that
necessarily indicates cortical mediation

A third reason for examining decorticate rats 1s
to contrast thewrr behaviour with the behaviour of
normal rats A powerful way of gamning nsight

into the behaviour of normal anmmals 1s to com-
pare their actions with the actions of animals that
have had brain damage The errors, omissions,
changes and simplifications of behaviour that
charactenistically follow bramn transections fre-
quently provide key msights mto the principles
underlying the mtegration of normal behav-
1Our19 36-44

The rats were decorticated at one day of age
This procedure was used because optimal per-
formance of many surviving behaviours 1s seen
after neonatal, as contrasted with adult, decorti-
cations®!° 40 Therefore, if copulation did occur it
would be representative of the optimal capacities
of the residual brain If copulation did not occur,
the result might suggest that neonatal decorti-
cation imposes upon the rat a type of 1solation
that deprives it of the benefits of socialization and
learning that might be conferred by an intact cor-
tex>16:3435 For the purposes of comparison with
our previous work>®, normal and neonatally de-
corticated male rats were screened to see if they
would sire litters Then they were placed with
ovariectomized and estradiol benzoate and pro-
gesterone-primed female rats and thewr behaviour
was videotaped Subsequent analysis was di-
rected towards obtaming a complete description
of all sexual behaviour

METHODS

Subjects

Twenty adult male rats and 16 adult female rats
were used In 14 male rats, obtamned from 3 separ-
ate litters, all of the neocortex was removed when
they were one day of age Six of the female rats
were ovariectomized a month prior to testing
Except when assigned to specific test procedures,
the rats were housed mdividually in hanging wire
mesh cages (20 x 25 x 18 cm high) Water was
freely available through a metal spout and Purma
Rat Chow pellets were left on the floor of the cage
The animal room had a 12-h-on, 12 h-off hghting
schedule, and testing was done during the first
half of the dark cycle

Surgical procedure
Surgery was performed using conventional
techmques!® A few hours after birth the male



pups were placed i a cooling chamber set at 0 °C
until anesthesia was achieved Then a small aper-
ture was opened on each side of the dorsal surface
of the skull The cortex, all tissue above the rhinal
fissure, including the cingulate cortex was visual-
1zed, using a dissecting microscope, and removed
by suction (glass pipette, approximately 1 mm 1n
diameter) The hippocampus was spared The
wound was then sutured The pups were rewarm-
ed under a heat lamp, after which they were re-
turned to thewr mothers Ovariectomies 1n the
adult female rats were performed in the con-
ventional manner®

Histological procedure

At the conclusion of the experiments, the male
rats were deeply anesthetized and perfused
through the heart with a solution of 0 9%, NaCl
and 109, formahn Brains were removed, weigh-
ed, photographed, embedded in celloidin, and cut
mn 20 ym sections These were mounted on glass
shdes and stained with cresyl violet The sections
were examined with a hght microscope and proj-
ected onto a magnetic graphics tablet that was
attached to an Apple II plus microcomputer By
tracing on the image with a metal stylus, the extent
of neocortex, hippocampus, or subrhmal cortex
remaining was calculated by comparing the area
of tissue  the brain-damaged rats with that in
control rats The measures were obtained from
20 sections per rat at locations approximating
those 1illustrated previously (ref 37, Fig 1)

Testing procedures

When the male rats were 150 days old, 10 de-
corticated and 6 normal rats were each parred
with an adult female rat When the females be-
came pregnant, they were transferred to maternity
cages At parturition the latency between mitial
pairing and birth was calculated The male rats
were then given further tests in an observation
room The test room was dimly illummated with
red hght and testing took place during the first 3 h
of the laboratory dark cycle The male rats were
imdividually placed 1n a circular Plexiglas observa-
tion cage (38 cm diameter and 28 cm high) for
24 h of habituation Then an ovariectomized, and
estradiol benzoate- and progesterone-primed, fe-
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male rat was mtroduced. Priming was achieved by
administering 10 ug of estradiol benzoate subcu-
taneously 48 h and 24 h before testing and 500 ug
of progesterone 3 h before testing Behaviour was
videotaped using a Sony Betamax recorder
(Beta III mode). One hour of copulatory activity
was taped from all rats and 5 h was recorded from
one control and one decorticate rat If a rat did
not copulate 1n the test session, 1t was given a
second test and 1f necessary a third test

To determine how sexually naive decorticate
rats responded to non-sexually receptive female
rats, 4 sexually naive decorticate male rats were
given two 1-h tests Two males were paired first
with areceptive female and then with a non-recep-
tive female The sequence was reversed for the
other two males

BEHAVIOURAL ANALYSIS

Latency to pup birth

The ability of the decorticate rats to copulate
was determined by whether the cohabitant female
became pregnant Male efficiency was inferred
from the number of days between pairng and
parturition

Counts and measures of copulatory behaviours n
observation tests

The following measures of behaviour were
taken from the video recordings, using either the
standard or slow-motion playback feature'%-11-34

Latency to wnate the first copulatory mount
Latency to the first mount was the time from
imtial paring to the time when the male made a
definitive mount with accompanymng pelvic
thrusting It was found that the probability of
making a decorticate rat copulate was greatly
increased by sensory stimulation, 1 ¢ hand waves
or palpation of the hindquarters (see below)
Therefore, 1f a rat had not mounted within 1h,
sensory stimulation was administered

Precopulatory behaviour The rats made a vari-
ety of non-copulatory social contacts with the
females Three of these were identified and
counted (a)genital smiffing, the male smiffed the
area around the base of the female’s tail,
(b) treading, the male reared up and made tread-
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ing movements with the front paws on the side or
back of the female, and (c)passes, the male
passed, or chmbed, over the female’s back
Mounts, intromissions, ejaculations and other so-
cal contacts Mounts were often difficult to dis-
criminate from intromission patterns In case of
doubt a behaviour was classified as a mount 1f a
rat did not groom immediately after a mount, or
if it mmedately attempted another mount, or 1f 1t
walked away from the female and lay down In-
tromissions were identified by the males’ post-
mount rapid back flip and immediate mitiation of
genital grooming. Ejaculations were rehably 1den-
tified by the males’ long post-pelvic thrusting
clasp and by the following long refractory period
Latency to ejaculate Latency to ejaculate was
the time between the first mount of a copulatory
series and ejaculation
Timing of mounts, intromissions and ejaculations
Intervals between mounts, intromissions and eja-
culations were measured and compared
Number and duration of mount bouts Mount
bouts were identified as a series of mounts
(mounts, intromissions, or ejaculations) that were
not fractionated by a non-sexually directed be-
haviour (body groommg, walking away and
exploring, lying down and resting, etc )*?
Temporal dimensions of intromission and ejacula-
tory patterns To compare the time dimensions of
the copulatory acts of normal and decorticate rats
the following measures were made on mtro-
missions and ejaculations (a)intromission pat-
tern duration the time between the start of a
mount ( the male’s pelvis 1s positioned over the
female’s rump) and the termination of the fore-
limb clasp Twenty mtromissions were chosen at
random for measurement from the videotape rec-
ord of each rat, (b) ejaculation pattern duration
3 separate measures were taken First, the pelvic
thrusting duration was measured This was defin-
ed as the time that elapsed between the start of the
mount (the male’s pelvis is positioned over the
female’s rump) to the terminating period of immo-
bility (the male stops thrusting). Second, the du-
ration of clasping that followed the end of pelvic
thrusting was recorded the time between the ces-
sation of pelvic thrusting and the pomnt at which
the forehmb clasp was termmated Third, the

period of post-ejaculatory immobility was
measured the period during which the male stood
immobile, after releasing the female

Post-ejaculatory song recording To determimne
whether the male decorticate rats emitted a post-
ejaculatory song', a high frequency microphone
was connected to an amphfier and FM-recorder.
Recordings were taken from two normal and two
decorticate rats The record was replayed at a
reduced speed to make the gh frequency sounds
audible to the experimenters

Movement notation. Sample behaviours were
subjected to frame-by-frame (30 frames/s) ana-
lysis to clarify the temporal relations between the
movements made by the male and by the female,
the topographic relation that the male and female
maintamed with respect to each other, the part-
nerwise relations, 1€, contacts, that they made,
and the actual movements that they made Move-
ments were recorded using a notation procedure
based on the Eshkol-Wachmann movement no-
tation method!317-3¢

RESULTS

Cohabitation test

Seven of the 10 female rats, which had been
patred with decorticate rats, and 6 of the 6 female
rats, which had been parred with normal male
rats, produced htters of pups The time from
parng to pup birth was 35days (range
28-59 days) for females pawred with decorticate
males vs 31 days (range 25 vs 42 days) for females
paired with normal males This difference
approached, but did not quite reach, significance
(two-tailed r-test, P> 0 05) When the females
that had been paired with the 3 remaining male
decorticate rats had not become pregnant after
80 days of cohabitation, they were replaced with
3 different females After a second 80 days of
cohabitation, none of these females had become
pregnant

Videotaped tests

Latency to mutiate copulation
In the videotaped tests, 6 out of 7 of the decorti-
cated rats and 6 out of 6 of the normal rats mated



with the primed female rats The most obvious
difference 1n the behaviour of the two groups of
male rats was the decorticate rats’ long latency to
mtiate copulation. In addition, 5 of the 6 required
sensory stimulation before they began to copulate
(Table I) The latency means and standard de-
viations were: decorticates = 1054 + 74 9 min
vs controls = 8 5 + 8 min This difference was
significant, #(10) = 3 01, P < 0.02

The latency difference, however, does not fully
describe the differences between the two groups
The first decorticate rat to be filmed mitiated
mating after 59 min, and had 1t not done so we
may have terminated the study after examining
the behaviour of the remaining rats none of them
mitiated mating within the 1-h test. Accidentally,
however, we discovered that the decorticated rats
could be mmduced to copulate with activating
stimulation. Just before removing the third rat
from the test chamber, we were cleaning the Plexi-
glas chamber with a cloth, to improve viewing,
and found that we had apparently nduced mating
by the rat with the cleaning movements We there-
fore retested the second rat. After 1 h had elapsed,
without copulation taking place, we made rapid
hand movements mn front of it The movements
failled to mduce copulation, but we were able to
mduce copulation by delivering a series of light,
rapid pinches to the ammmal’s rump. Of the

TABLE I

Contacts made by male decorticate rats with female rats prior to
mttiating copulation

Rat Snff Tread Pass Latency to first mount
1 36 99 113 58 46
2 34 56 40 84 48
3 33 123 4 63 05
4 26 116 42 65 20
5 16 38 8 90 58
6 20 65 34 25339
7 19 200 10 60 00*
8 21 121 14 60 00*
9 11 95 29 60 00*

10 14 106 33 60 00*

Mean 23 102 327 10504

* Did not mate
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remaining 4 rats, one was mduced to copulate by
hand movements and 3 were made to copulate by
pinches When the decorticated rats were retest-
ed, only the first rat (latency = 54 min) sponta-
neously mmtiated copulation within 1h The
remaining 5 rats only mitiated copulation after
receiving activating stimulation None of the
remaining 4 decorticate rats mnitiated copulation
i erther of two tests, even after receiving acti-
vating stimulation

Pre-copulatory behaviour of decorticate male rats

Although the decorticate rats were slow to mi-
tiate copulation, they were active and they were
responsive to the female rats As soon as a
female was mtroduced they approached her, en-
gaged 1n genital smiffing, made pawing movements
on her back (treading) and chmbed over her
(passes), repeatedly We counted each of these
behaviours through the first 1h of filming The
results are summanized in Table I The males con-
tacted the females an average of twice each min-
ute, and made an average of 157 7 contacts prior
to copulating. The control rats made similar re-
sponses toward the females, but the number of
mstances of each behaviour was much lower,
obviously because their latency to mitiate copu-
lation was so much shorter The control rats made
an average of 3.6 genital smffs (one rat made no
sniffs), 2 5 treading movements (2 rats made no
treading movements), and only one control rat
made a pass (4 times) over a female

The movements of sniffing, treading, and pass-
ing made by the male decorticate rats towards the
female rats before copulation began could have
been movements quite unrelated to sexual activity.
To evaluate this possibility, 4 sexually naive de-
corticate rats were paired with non-primed female
rats for one 1-h observation session and with a
primed female rat for a second 1-h observation
session (two rats were pawred with non-primed
females first and then with pnmed females, and
for the other two rats the order of pairing was
reversed) The incidence of treading and passes,
but not genital smiffing, was significantly higher
when the primed females were present They
made a mean of 63 + 22 vs 36 3 + 20 treading
movements on the primed as compared with the
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non-primed females, #(3)=85, P=0002, a
mean of 12 + 6 passes vs 4 + 3 passes over
the primed as compared with the non-primed
females, 1(3)=49, P=014, and a mean of
165+ 75 smffs of the primed females vs
92+65 smffs of the non-primed females,
t(3)=173, P=017 The result demonstrates
that the social movements were made towards
non-primed female rats, but theirr incidence did
mcrease toward females mm oestrus Although
none of the 4 rats spontaneously mitiated copu-
lation, 1t 18 likely that they were representative of
those tested in greater detail, because when later
cohabitated with female rats 3 of the 4 sired htters

Number of mounts, intromissions and ejaculations

A summary of the number of mounts, mntro-
mussions, ejaculations, and other contacts made
by the decorticate and control male rats during

TABLE 1II

Incidence of mounts, intronussions, ejaculations and other con-
tacts made by decorticate and control male rats to primed female
rats during the first hour following the first mount

Rat Mounts Intronussion  Ejaculations Other
Decorticate*

1 21 23 3 12
2 10 28 1 10
3 25 34 2 20
4 11 26 3 26
5 8 13 2 18
6 12 25 3 40
Mean 145 248 23 26
Control

1 31 25 3 37
2 21 28 3 27
3 21 21 3 10
4 52 30 3 4
5 9 23 4 0
6 21 14 1 5
Mean 258 235 28 98

the 1 h of copulation 1s given i Table II Overall,
the incidence of each behaviour in the two groups
was similar The decorticate rats made somewhat
fewer mounts, but the difference was not sigmfi-
cant, t(10) = 1 05, P = 0 32 There was no signifi-
cant difference in the number of mtromissions,
1(10) = 0 365, P = 0 68, or the number of ejacu-
lations, #(10) = 0 96, P> 0 52, made by the two
groups

Counts were also made of the number of non-
copulatory contacts (smiffing, treading, passes)
that the male rats made with the females
(Table II) The decorticate rats made significantly
more ‘other’ contacts with the females than did
the control rats, #(10) =219, P <0025, and
most of these contacts consisted of treading (110
of 116 m decorticate rats and 32 of 54 i control
rats)

Latency to ejaculation

A summary of latencies to successive ejacu-
lations after the occurrence of the first mount n
each copulatory sequence 1s given i Table III
Analysis of latency showed that the decorticate
rats had shghtly longer latencies than the control
rats, but the difference was not significant,
t(10)=09, P=04 Smularly, the mean times
between the first and second ejaculations were
not different, t(8) =09, P> 067, nor were the
times between the second and third ejaculations
different, t(7) = 09, P = 0 41 Finally, the latency
between the first mount to ejaculation for all
ejaculations considered together was also not
significant, #(31) = 106, P = 0 28

TABLE III

Latency (mean + S D 1n 5) to eqaculation after the first mount
n successive copulatory sequences by decorticate and control
male rats

Group Ejaculation number

1 2 3
Decorticate 246 + 13* 175 + 4% 157 + 5*
Control 162 + 11 153+3

16345

* f-tests, P>005

* f-tests, P>005



Timing of mounts and intromissions

A measure that did show differences between
the two groups was the latency between succes-
sive mounts and mtromissions We compared the
mtermount latencies and the mtermtromussion
latencies for both groups of rats, and in addition,
since these measures are somewhat artificial and
arbitrary, we also calculated the latency between
each mount or mtromission For all mounts, the
mean interval between mounts for decorticate rats
was 120 8 + 153 s vs 61 4 + 67 s for control rats,
a difference that was significant, #(220) =41,
P <0001 Smuilarly, the mean interval between
mtromussions for decorticate rats was longer than
was the mean mterval between mtromissions for
control rats decorticate rats = 819 + 54.9 vs
control = 66 6 + 52 8, #(280) = 2 38, P = 0.017
To gain a better 1dea of the differences between
the distribution of mounts and intromissions for
the two groups, the latencies between mounts and
mtromissions were pooled The mean mterval
between successive mounts or intromissions for
control rats was 339+ 29s vs 586 + 43 s for
decorticate rats, a difference that was highly sig-
nificant, #(573) =85, P<0001 A probabilty
distnibution of these latencies 1s shown m Fig 1
It can be seen from Fig 1 that 339 of control
mounts occurred within 15 s following a mount
and 509 of mounts occurred within 31 s The
comparable values were 0 89, and 219, respec-
tively for the decorticate rats In summary, these
measures demonstrated that the control rats
returned to make a mount or mtromission much
more quickly than did the decorticate rats. Exami-
nation of the behaviour of the two groups of rats
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Fig 1 Probability distribution of intermount intervals for
control and decorticate rats Note that the decorticate rats
were less likely to remount within 15 s of a previous mount,
which was the interval within which control rats were most
likely to remount
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TABLE IV

Mounts per mount bout and mount bowt durations
(mean + S D ) for decorticate and control rats

Group n Mounts (n) Durations (s)
Decorticate 124 203 £17* 828 + 78%*
Control 162 259 +25 615+74

* ttest,t=214, P=003
** rtest,t=230,P =002

suggested that these differences occurred because
the decorticate rats were slow to locate the female
and less accurate 1n making successful
approaches. That 1s, the control rats made quick,
accurate, successful approaches while the decorti-
cate rats approached the females from the wrong
direction, were too slow, or made an mmaccurate
approach (see below), each of which caused the
female to move and necessitated repetition of the
approach

Mount bouts

Copulatory efficiency was measured by calcu-
lating the number of mounts (mounts or intro-
mussions) that occurred mn succession before a rat
engaged m some non-copulatory activity, such as
exploring, rearing, lying down or grooming (other
than genital grooming) Sachs and Barfield>? have
called this unit of behaviour a mount bout and
they suggest that it 1s a basic unit of the male rats’
sexual behaviour The number of mounts per bout
and the mean duration of the mount bouts are
summarized in Table IV As 1s shown here, the
control rats made sigmificantly more mounts per
mount bout, #(284) = 2 14, P = 0.03, and thewr
mount bouts lasted sigmificantly longer,
1(283) = 2 34, P = 0 02 than those of the decort:-
cate rats

Temporal dimenswons of intromissions and ejacu-
lations

Pelvic thrusting durations were measured dur-
ing both imtromissions and ejaculations by
counting the number of frames that occurred from
the completion of a mount to the end of pelvic
thrusting Frames were measured on the slow-
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TABLE V

Pelvic thrusting durations during intronussion and during ejacu-
lation made by decorucate and control rats (mean + S D )

Group n Intromission n Ejaculation

TABLE V1

Pelvic thrusting duration, post-thrusting clasp duration, and post-
clasp release immobihity durations (s) obtained from successive
ejaculations made by one decorticate rat during a 5 h mating
session

0547+ 0113 23
0544 +0134 18

1167 + 0253*
1013 + 0269**

Decorticate 60
Control 61

* ttest,t =013, P=0611
** rtest,t =180, P=0077

motion mode of the recorder (30 frames/s) and
the frame counts were then converted to seconds
Both visual inspection of the patterns of mounts
and pelvic thrusts and the frame-by-frame
measures showed no obvious differences between
the control and the decorticate rats Table V sum-
marizes the mean durations of pelvic thrusting
during ntromission and during ejaculation
There were no significant differences n durations
during mtromission, ¢(19) = 0 13, P = 0 6, or dur-
g ejaculation, #(39) =179, P =008, between
the two groups, but quite obviously the durations
of pelvic thrusting during ejaculation were almost
twice as long as they were during mtromission
Following mtromission the male rats released
the females and almost immediately began genital
grooming, but following pelvic thrusting duning an
ejaculation they continued to clasp the female for
vanable periods of time or else they released the
female and remained motionless before beginning
gemital grooming The clasp durations and the
mmobihty durations that occurred during the
first 3 ejaculations were measured Clasping du-
ration was shightly longer n the decorticate rats,
185+280s, than 1n the control rats,
0499 + 0 72 s, but the difference was not quite
significant, #(36) = 191, P = 0057 Immobihty
durations after the female was released were
also shightly longer m the decorticate rats,
394 +324svs206+ 102sn the control rats,
and this difference was significant, #(36) = 2 36,
P = 0.022 Total immobility (the sum of clasping
immobility and immobility after release) following
ejaculations was significantly longer 1n the decor-
ticate rats than m the control rats, ¢(36) = 2.63,
P = 0012 These shght differences in immobility
are difficult to interpret given the observations of

No Time Thrusting Clasp Post-release
1 204 1030 0033 3963
2 229 03830 0865 3896
3 300 0899 1030 3263
4 336 1300 11289 6 690
5 359 1260 4795 6993
6 429 1260 7493 4995

Peirce and Nuttall®® that the duration of sexual
contact increases m normal rats with successive
ejaculations According to therr measure total
contact 1s little more than a second during the first
3 gjaculations, but 1t then increases to over 3 s for
subsequent ejaculations Since most of the obser-
vations m our study were hmited to the first 3
gjaculations we cannot provide comparable ob-
servations; however, one control and one decorti-
cate rat were observed for longer time periods
The control rat ejaculated 7 times during a 5-h
observation peniod and the immobility durations
with clasping did increase from a mean of less
than 0.1 s during the first 3 ejaculations to more
than 1 s during the remaining ejaculations. In this
rat the immobility following release was rather
constant at about 2 s The results from the decor-
ticate rat are shown n Table VI It can be seen
from Table VI that the duration of pelvic thrusting
increased only shghtly 1n successive ejaculations,
but the duration of immobile clasping increased
dramatically mn the last 3 ejaculations and m ad-
dition the duration of post-release immobihity also
showed a tendency to increase Thus, although
the measures obtamned from this rat are consider-
ably larger than the mean values reported by
Peirce and Nuttall?®, the pattern towards increas-
ed durations of contact with successive ejacula-
tory patterns 1s consistent with the major findings
of their study with control rats

Post-ejaculatory songs
The number and duration of post-ejaculatory
songs' were recorded from two decorticate rats



and from two control rats Animals from both
groups produced a number of vocalizations, last-
g from 2 to 5 s after ejaculation. We were unable
to detect any obvious differences in the songs
emitted by animals mn the two groups The female
rats also appeared to respond to songs from both
groups 1n sumlar ways; that 1s, by standing still
facing the male, with ears directed toward the
male

Movement notation

The movement notation analysis was done on
the non-copulatory mteractions between the rats
as well as the copulatory acts Three general
features of the interactions were described (1)the
topographic relation between the two rats indicat-
ed the location of the male with respect to the
female Beginning at the female’s nose, which was
labelled 0, 45° mterval pomts around the circum-
ference of the female were numbered from 1 to 7,
m a clockwise direction Pomts of contact were
mdicated by labels standing for the body part
touched. Thus, 4P would designate that the male
was behind the female touching her pelvis, 6S
would indicate that its head was to the left of the
female touching her shoulder, etc , (2) the pair-
wise relations between the two rats indicated the
orientation of the male with respect to the female
The direction of orientation of the male’s head,
when the male 1s placed schematically within the
circle surrounding the female, indicated its pair-
wise relation with respect to her Thus, 0 would
mdicate that the male 1s oriented in the same
direction as the female and 2 would indicate he 1s
oriented at 90°, facing across her from left to
night, etc ; (3) the order of movements made by
the two animals was designated frame-by-frame
by specifying the beginning and end of each move-
ment made by the amimal or by a body part

Non-copulatory wteractions

It had been our expectation that the male de-
corticate rats would make many errors in their
approach and mteractions with the female rats,
but mn all of the mating encounters we observed
only 5 major mteractive errors, all made by one
rat These consisted of the male mounting the

179

female from the front on two occasions and the
male missing a mount and making pelvic thrusts
on the sawdust substrate on 3 occasions Frame-
by-frame analysis of the interactions of the male
and female rats provided an explanation for the
absence of errors mn approach The regulation of
the relationship between the two animals seemed
to be largely under the control of the female rats.
This regulation was maintamed both during pre-
copulatory mteractions as well as during copula-
tory encounters, 1n such a way that the male was
confined to a relatively restricted pattern of move-
ments that he could make towards the female. In
fact, once we had clanified this interactive relation,
it became clear that the precopulatory acts of
sniffing, rearing up and treading on the female’s
back, and passing over the female, and the copu-
latory acts of approaching and mounting and
clasping, were all terminal vanations of a com-
mon approach forced upon the male by the move-
ments of the female The terminal acts, them-
selves, were no doubt mainly under the control of
the male With the failure in the execution of
clasping, it seemed possible to identify a failure of
a movement that may have been essential to mi-
tiating copulation. The various aspects of these
behavioural interactions are described below
Fig 2 shows a sequence of movements made
by a male decorticate rat and a primed female,
which culminated 1n the male making a pass over
the female’s back Briefly, the sequence begins
with the male and female standing still in an ‘m-
tial position’, with the female 1n front of and facing
away from the male The male mtiates the
approach. As the male approaches, the female
makes a number of movements which culminate
in the male making a final approach toward the
female’s rump, from an angle of about 45° to one
side The teraction terminates when the male’s
movement carries him over the female’s back to-
ward the female’s head, that 1s, at this pomt the
female turns remnstating the ‘mitial position’
between the two animals The actual details of the
movement sequence are shown i Fig 3, and can
be followed with reference to Fig 2 At frame 1
both animals are motionless and the male 1s po-
sitioned behind and facing away from the female
The male moves first (frame 2) and his movement
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61 to 70
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Fig 2 Tracing from a videotaped sequence (30 frames/s) 1n
which a male decorticate rat passed over the back of a
primed female rat Dotted outhnes illustrate imitial frame
position and sohd lines illustrate terminal frame position In
the sequence the male moves first and serves as the stimulus
mducing the female to hop forward (1-10) The female’s
movements carry her 1n a circle away from the male and she
kicks twice with her rear feet when the male 1s directly behind
her, forcing him to continue to circle (35-42) When the male

will carry im m a 180° arc which ends at
frame 50 In mitiating this movement the male
steps on the tail of the female with his left paw and
later steps on the right rear paw of the female
Both the visual aspects of the male’s movements
and these contacts may have contributed to ini-
tiating and maintaining the female’s subsequent
movements The female begins to move at frame 6
and hops mn a 90° turn which lasts through to
frame 13 At this point she makes two rapid kicks
with her rear legs, forcing the male, now almost
directly behind her, to raise his head and continue
his circling movement The female then hops, in
one motion, directly forward (frames 36-50) At
this point the male 1s now approaching from her
left rear, head up (frame 54) As the male contacts
the female, he rears up, placing his forepaws on
her back, and simultaneously makes a number of
alternating treading movements with his forepaws
on her back (frames 54-61), and then continues
his forward movement so that he passes over her
back During this contact the female flattens her
back and raises her head (this movement 1s not
notated n Fig 3) As the male completes the pass
over the female’s back his left rear leg 1s shghtly
extended and dragged in a somewhat stereotyped
manner As the male’s head comes mto view 1n
the female’s nght visual field, and as he contacts
her vibrissae, the female begins a 180° hop and
turn (frames 80-92), which leave her facing away
from the male At the completion of this sequence
of movements the relative positions of the two
amimals are what they were when the sequence
began The sequence begins agamn as the male
turns to agam approach the female (frame 80)
The pattern of movements described 1n Figs 2
and 3 were performed again and again as the two
rats mteracted, such that the amimals appeared to
perform a ‘dance’ which always began and ended

makes an approach from one side and behind the female she
remains in the same location but raises her head as he places
his paws on her back (47-53) The male passes over the
female, dragging the trailing rear leg mn a charactenstic
manner, as if marking the female's back (61-70) As the
male’s head approaches the forepart of the female, 1t turns
quickly away, leaving both anmmals m the imtial topo-
graphical relation with respect to each other (109) See text
for further details



FRAMES 12 6 131415 3536 50 54 61 7980 92

TOPOGRAPHIC| 4 4 4P 4P 4T 6S 6H 4P
PAIR-WISE 2 0 7

FEMALE
NECK @ I KICK e I @
FRONT 2J A

MALE
WEIGHT ] 11689 e
FRONT \4J (3
FOREPAWS TREAD I

Fig 3 Notation for the behaviour illustrated in Fig 2, show-
g the sequence of movements displayed by a male decorti-
cate rat and a primed female rat Numbers refer to clockwise
45° points m which 0 1s at the female’s nose For the topogra-
phic relation, numbers refer to a hypothetical horizontal
sphere surrounding the female, thus the male 1s 1mtially
located at 4 directly behind her, crosses her body to one side
(6) and finally 1s again located behind her For the partner-
wise relation, numbers refer to the location of the male as
supermmposed on this sphere, 1 ¢, 2, his nose pointing to her
left, 0, his nose pointing along her forward axis, 7, his nose
pomnting to her rnight Letters in the topographic column
represent points of contact P, pelvis, T, trunk, S, shoulder,
H, head Other symbols include ||, end of movement, U, N,
counterclockwise and clockwise movements, —, direction of
movement The important feature of this sequence of move-
ments 1s that the female moves 1n response to certain move-
ments of the male, 1e, an approach directly from the rear,
and remains stationary in response to other movements, 1 ¢,
approaching from an oblique rear angle

with each in the same pairwise and topographical
relationship Within this dance there were many
variations in the actual movements that might
occur The following are a few which we were able
to identify. If the male approached head down so
that he contacted the base of the female’s tail, he
sometimes sniffed her rump or sniffed beneath her
tail These contacts did not induce movements on
the part of the female except that she sometimes
elevated her rear and tail If the male approached
the female’s head, from the front or side, or even
if he approached her shoulder, she hopped or
turned away immediately. If the male approached
from directly behind the female, she usually hop-
ped forward and kicked When the male reared up
and placed his paws on the female’s back she
usually remained relatively motionless unless he
passed over her, moved his paws caudally down
her rump, or moved his paws laterally down her
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body on the side towards which he faced. All of
these movements mvariably resulted in the female
hopping away

Copulatory mnteractions

Examination of the video recordings of copula-
tory acts showed that the same general patterns of
behaviour, as described above, occurred between
the male and female, except that copulation was
the end point of the males’ behaviour rather than
genital sniffing, treading, or passing over Fig 4
shows a drawing of a typical copulatory sequence
taken from a video recording of a male decorticate
rat and a primed female The notation for this
sequence 1s shown 1n Fig. 6 The sequence begins
with the male positioned just behind the female,
facing away from her The male turns towards the
female, and by frame 11s walking directly towards
her nght rear side Inresponse to his approach the
female raises her head shghtly (frame 1) The male
contmues his forward motion and rears hfting his
left forepaw across the female’s back n the first
act to mitiate clasping When the male clasps the
female with his forepaws, his forward motion,
which to this pomnt has been propelled from a
fulcrum of control from his rear legs, 1s arrested
The fulcrum of control 1s shifted to the male’s
forelimbs, and the rat’s rear 1s swung rapidly to the
left (frame 23) so that 1t 1s appropriately position-
ed for thrusting As the male begins to clasp, the
female continues to raise her head, she raises her
left forepaw agamnst the chamber wall, she arches
her back, thus elevating her rump, and by
frame 22 she has completely adopted the lordosis
posture The male engages m pelvic thrusting
from frame 23 to 46 and then releases the female
by making a quick lateral movement of his fore-
paws, while at the same time rearing back to a
standing position (frame 46) The female then re-
turns to a normal position (frames 46-51) The
male lowers his head to begin genital grooming
and the female hops to the left so that the pair 1s
left m a topographical relation approximating
their mitial starting positions

In light of the observation that hand move-
ments could trigger copulation on the part of de-
corticate male rats, we also examined whether
movement on the part of the female was necessary
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Fig 4 Tracing from a videotaped sequence (30 frames/s) 1in
which a male decorticate rat mounts a primed female rat
Dotted outlines illustrate initial frame position and bold lines
lustrate terminal frame position Note the angle of approach
and the rapid side movement of the rear of the male after
clasping 1s mitiated

FRAMES 1 10 18 22 23 27 46 47 43 S|
TOPOGRAPHIC| 4 2P 4T 65 4T 4 41
PAIR-WISE 7 0 0
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WEIGHT
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WEIGHT 2 Il (THRUSTING] 4,
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Fig 5 Notation for the behaviour illustrated in Fig 4, show-
ing the sequence of movements displayed by a male decorti-
cate rat mounting a primed female rat X, ventral or dorsal
movements of the back, other symbols as in Fig 3

m ehciting approach by the male Many copula-
tory sequences made by the decorticate rats
seemed to be triggered by a movement on the
female’s part There were, however, mstances m
which 1t was quite clear that the male decorticate
rat intiated an approach towards the female be-
fore she moved Two other observations support-
ed this conclusion In one experiment a female
was given an mjection of 2 mg/kg of haloperidol
This treatment effectively immobihzed her and
left her standing in a posture of lordosis, after
copulation The decorticate male that had been
pared with her did return to her and mate in the
absence of any movement on her part to initiate
his approach In a second test a female and male
decorticate were placed 1n a large open enclosure
(200 x 200 cm). In this situation the decorticate
male was able to complete a copulatory sequence
to ejaculation even though, for many mounts, 1t
was necessary for him to locate the female who
was otherwise sitting immobile a considerable
distance away

Comparisons between normal and decorticate rats

Comparisons of the movements made by nor-
mal and decorticate male rats revealed that their
patterns of approach and most of the details of
therr copulatory acts were mdistinguishable from
those of the normal males A difference difficult to
quantify was that the normal males seemed more
precise and efficient in their approaches Most



noticeably, some of the normal males simply pi-
voted on therr rear legs, from their position of
gemtal grooming, to grasp the female and nitiate
another copulatory act The decorticate rats mn-
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Fig 6 Tracing from a videotaped sequence (30 frames/s)
lustrating some movement abnormalities displayed by a
male decorticate rat Dotted outhnes illustrate imitial frame
position and solid lines illustrate terminal frame position In
the sequence the male imtiates the sequence by approaching
the female’s head (1-8) The female turns to face away from
the male (7-12) The male mounts, clasps, and makes an
mtromission (59) Upon dismounting the male falls to the
side (76) and then, as 1t sits back to genital groom, propels
itself onto 1ts back and engages in gemtal grooming from this
position (92-106)

183

vaniably walked around to find the female Their
mefficiency 1s also reflected in the greater number
of non-copulatory contacts (see Table II) that
they made with the females once copulation had
begun, that 1s, these contacts may mn large part
reflect failures n clasping, and in their longer
mtermount mtervals (Fig 1), which may reflect
mefficiencies i locating and approaching the fe-
males

The most notable abnormalities of the decorti-
cate rats were the many exaggerated movements
that they made when dismounting after mtro-
mussion or ejaculation. They frequently fell to one
side, reared back too far so that they landed on
their backs, or reared back so that they completed
a backward sommersault. Fig 6 illustrates some
of these abnormal movements Here the male -
tiates the approach by turning towards the fe-
male’s head (frames 1-8). This could be consider-
ed an error 1 approach, but 1t 1s corrected by the
female who turns away (frames 7-12) After mn-
tromussion the male falls completely over onto his
right side while dismounting (frame 76) He then
rights on his rear legs only to flip completely over
onto his back (frame 106) The animal remained
on its back while it engaged m genital grooming.

]

Fig 7 Cortical reconstruction of 10 decorticate rats used n
the experiments Rats 1-7 sired pups i the cohabitation test
and rats 8-10 did not



Fig 8 Photomicrograph of cresyl violet-stained coronal section of a decorticated rat that sired pups




Occasionally, normal males leant over to one side
after intromission or ejaculation, but the frequen-
cy and amplhitude of the abnormal movements
made by the decorticate rats were simply not
characteristic of the normal male rats

Histological results

Surface reconstructions of the bramns of the 10
decorticate rats are shown m Fig 8 and coronal
sections from a representative rat are shown n
Fig 9 There was very little difference in the extent
of the lesions 1n the 7 males that sired pups and
those males that did not sire pups The lesions
removed most of the neocortex and cingulate cor-
tex, sparing only small strips of tissue adjacent to
the rhinal fissure** For some anmmals the lesions
mvaded tissue below the rhinal fissure. Measures
of residual cortex in 20 representative sections
from each rat showed more than 979, of neocor-
tex and 1009, of the cingulate cortex was removed
m all of the rats Measures of the residual
neocortex were complicated by the observation
that the residual cortex that appeared to lie above
the rhinal fissure, particularly in the caudal
sections, did not have the histological features of
neocortex This cortex has the appearance of ar-
chicortex of the entorhinal area and may very well
represent an abnormal extension or growth of
entorhinal cortex There was httle direct damage
to subcortical structures such as the basal gangha,
thalamus or hippocampus The greatest amount
of subcortical damage seen was an extensive
unilateral invasion of the caudate of one rat,
which 1s shown in Fig 8

DISCUSSION

The results confirm previous reports that male
rats with cortical ablations can mate?!!:2437
They also confirm that complete cortical removal
delays but does not abolish mating'®-*” The intet-
relations between the male and female rats, re-
vealed by notating their mteractions, also pro-
vides novel information about the regulation of
sexual activity The findings are relevant to at
least 3 separate 1ssues First, they show that the
relation between the male and female 1s impor-
tantly controlled by the movements of the female
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It may even be the case that 1t 1s the female that
ultimately ensures copulatory success of the de-
corticate males Second, they provide support for
Beach’s?> initial observations, by demonstrating
that the decorticate rats do have deficits in mitiat-
g mating Third, they are relevant to general
notions of the function of the cortex in the control
of complex behaviour Decorticate rats are able to
execute complex sequences of actions but they do
display deficits in timing and executing certamn
movements These issues will be discussed m
turn

Sources of control of male—female interactions

Female rats engage i a variety of behaviours
durmg mating that contribute to the success of the
engagement. These include sohciting, darting,
hopping, and ear wigglng, etc !''-'%1427 Tactile
stimulation to the rump and genital area of the
female also inhibits her locomotion and facilitates
the adoption of the lordosis posture so that the
male can mount>!. Here we report that the loco-
motion and other movements by the female
constrain the male to only certamn kinds of
approaches.

Prior to copulation the normal male rat makes
a brief general mspection of the female and then
restricts its behaviour to a number of more stereo-
typed movements, promment among which are
genital sniffing, treading on the female’s sides or
back with the front paws, and passing over the
female The full significance of each movement 1s
not clear but 1t 1s possible to speculate about some
aspects of therr function Genital smffing no
doubt provides iformation about the identity of
the female and her sexual condition The treading
movements may be ideally suited to induce the
female to remam motionless, particularly when 1t
1s focused on the rump area, to which such appro-
priately applied contact induces immobility and
facilitates the appearance of lordosis®! In turn,
mmmobility by the female permits easier execution
of genital smiffing, passing over, and eventually
clasping Passing over may serve at least two
functions First, during a pass the male lifts and
drags its trailling rear leg so that its gemtal area
1s dragged across the female’s rump Since male
rats engage i urine marking during sexual
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encounters®’, 1t 1s hkely that the male 1s marking
the rump of the female This could serve as a
signal to other males, were the encounter to take
place mn a colony environment?’ It also could
serve as a signal to the marking male, directing its
subsequent attention to the rump of the female A
second function of passing over might be to adapt
the female to contact and thus facilitate subse-
quent copulation

Although the male engages 1n these different
behaviours with non-primed females, the present
analysis shows that the behaviour of the primed
female restricts and focuses the movements The
male can execute the behaviours only if he
approaches the female from the rear at an angle
of about 45° The female achieves this modifica-
tion of the male’s approach in a number of ways
If the male approaches from the front or
approaches her head, she hops 1n a circle to face
away from him Both the visual stimulus of the
approaching male as well as the contacts that he
makes with the forepart of her body seem potent
stnuli for ehciting these movements Direct
approaches from the rear also induce her to move
Here the eliciting stimuli appear more tactile than
visual The female usually moves after the male
has touched her tail or her rear legs Not only does
a rear approach cause the female to hop away,
after a hop, she frequently makes one or two rapid
back-kicks to hit the male or propel sawdust at its
head The kicks deflect the male’s approach and
make 1t raise its head Therefore, the male’s next
approach will be from a different angle, head up,
thus facilitating mounting

The behaviour of the female raises two
questions The first concerns the mechanisms
through which hormonal mfluences modify her
sensonmotor behaviour and the second concerns
the utility for the male of making an oblique rear
approach

A discussion of how hormones mfluence the
behaviour of the female lies beyond the scope of
the present report. But, it seems worthwhile noting
that with respect to the behaviours described
above, that non-primed females do not behave
like primed females Usually non-primed females
orient with their head toward the male This dis-

courages sexually-related encounters and 1t pro-
motes other mteractions, including mutual snif-
fing, boxing, or wrestling, etc Although there 1s a
substantial literature on the sensorimotor behav-
1our of the rat, 1t has focused on describing orient-
ing, immobility, or avordance of potentially nox-
1ous stimul (see ref 41) Thus the present report
describes a new pattern of behaviour that 1s a
reversal of the usual rostral-caudal gradient of
orienting and one which might be usefully exam-
ined 1n further studies With respect to females i
oestrous, neglect or avordance of stimuh pres-
ented to the forepart of the body may not signify
neglect or aversion per se, but rather orienting that
mnvolves presenting the rear of the body to the
male

In hindsight, 1t seems that an oblique rear
approach on the part of the male has utihty First,
it ensures that the first contact that the male
makes with the female will permut clasping, were
the male to approach from the rear or front 1t
would have to clamber across the female to mi-
tiate claspmg Second, 1t keeps the male’s body
clear of the female’s rump, so 1t can be raised for
lordorsis, before the male completes the mount
Third, given that the male swings 1ts rear laterally
n a rather quick movement after clasping, it per-
mits the male’s movements to carry the female’s
tail to one side, thus facihtating intromission

The degree to which the decorticate male owes
copulatory success to the behaviour of the female
cannot be fully determined, but given that normal
males will not attempt copulation with a passive
female and thus are in part dependent upon her
behaviour?®, so too must be the decorticate male
And, the decorticate male may have an even
greater dependence It seems to us that had the
female not controlled the decorticate male’s
approaches, it may have made many errors, 1 ¢,
head or side mounts, etc , even to the point of
having difficulty m mitiating or executing an ap-
propriate copulatory sequence Thus, the female’s
behaviour helps us understand that many aspects
of decorticate males’ seemingly normal orienting
and approach s not the product of its residual
subcortical neural systems, but 1s rather attribut-
able to the normal behaviour of the female



Role of the cortex in imtiating copulation

In a review of the copulatory behaviour in the
male rat, Sachs and Barfield®*® pomnt out that
Beach’s dual-factor theory of sexual behaviour
still has utihity in explamning some features of male
sexual behaviour, particularly those features relat-
ed to why the male starts copulating when 1t does
On the basis of his work with decorticated rats,
Beach? had suggested that the cortex 1s essential
for arousal but unnecessary for the actual execu-
tion of copulatory movements. Subsequently, a
study by Larsson?*, showing that male rats with
motor cortex lesions could copulate but that their
mitiation latencies were increased, seemingly sup-
ported Beach’s hypothesis The results of the
present study, as well as the results of our previous
work??, confirm that the cortex 1s not necessary
for the actual execution of copulatory movements
Furthermore, since completely decorticate rats
will initiate copulation, the cortex does not appear
essential for arousal The present finding that the
male’s latency to mitiate copulation i1s drama-
tically increased by decortication does demon-
strate, however, that the cortex 1s in some way
mportant for rapid mitiating of the copulatory
sequence Features of the animals’ behaviour also
provide some clues for understanding what
mechanisms are mvolved in the successful mi-
tiation of copulation The following consider-
ations are relevant First, decorticate rats were
socially interactive with female rats and the degree
of therr interaction and the extent to which they
made precopulatory relevant movements icreas-
ed when they were paired with primed females
Thus, the delay n mitiating copulation was not
due to lack of social mteraction It may be the case
that the precopulatory movements provide some
essential information to the normal male that n
the absence of the cortex 1s not readily registered,
and which n turn leads the rats to repeat the
movement Second, m passing over the female
rat, a movement that the decorticate rats made
repeatedly, all of the appropnate precopulatory
movements occurred, except clasping. So delayed
copulation was not due to nappropnate
approaches, but due to a fallure in clasping Thus,
we feel that a critical behaviour that may be
central to trniggering the copulatory sequence 1s the
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first clasp This conclusion seems supported n
part by our observations of the only decorticate
rat that spontaneously imtiated copulation. The
rat had made numerous passes over the female
over a period of nearly an hour when one pass
carried it directly mto the wall of the chamber. As
it fell back, 1t landed on the female with its
forepaws straddling her back. It immediately
clasped and then began pelvic thrusting. This one
accidently mitiated clasp seemed to trigger the
entire subsequent mating encounter. There is a
precedent for the suggestion that a single ex-
pernence 1s sufficient to maintain subsequent be-
haviour 1n decorticate rats We have previously
reported that decorticate rats that do not spon-
taneously drink after surgery will do so after a
brief experience of drinking after presentation of
a water spout to therr mouth**

Anatomical and behavioural studies have de-
monstrated that corticofugal and brainstem—spi-
nal cord pathways are mvolved in controlling hmb
movement®2?>43, and that bramstem control 1s
msufficient to maintain normahty Limb abnor-
malities that occur following cortical damage may
delay clasping for two reasons First, it 1s possible
that there 1s a release of forehmb treading re-
sponses, which would help the male mantain
balance as 1t reared up on the female with a conse-
quent increase mn the threshold for activating
clasping, a movement which would cause the ani-
mal, at least mitally, to give up limb support of the
forepart of its body Second, a difficulty in imtiat-
ing clasping could be advanced as the sole explan-
ation of the long latency to mitiate copulation,
however, our observation that activating stimula-
tion contributes to the mitiation of copulation n
turn suggests that the matter 1s more complex We
have no clear understanding of how ‘activation’
mught facilitate clasping, but stimulation did seem
to produce an arrest reaction on the part of the
amimal So 1t might reduce tendencies to walk,
which are involved m passes over the female, and
increased tendencies to ‘freeze’, which mght ordi-
narily occur in response to a female’s movements
mn adopting lordosis, and thus make the animal’s
behaviour more compatible for clasping This
suggestion 1s consistent with a previous sug-
gestion that the cortex 1s importantly involved in
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controlling voluntary movements>®® and also with
the finding that appropriate changes in stimulus
conditions can facilitate more normally appearing
behaviour from decorticate rats*? At any rate,
given that activating stimulation promotes the mi-
tiation of copulation, and given that activating
sttmulation promotes copulation in normal rats as
well*S, 1t 1s possible to conclude that the cortex
facilitates the appearance of, while still not being
essential for, adaptive, or at least situationally
appropriate, responses

Corncal contributions to the control of copulation

The male decorticate rats displayed all of the
components of mating behaviour, and further-
more, the incidence of mounts, ntromissions, and
ejaculations approximated normal'® Measures of
the durations of mounts and pelvic thrusting
during intromission and ejaculation showed they
were normal The decorticate rats did seem to
display longer durations of immobiulity after ejacu-
lation, both with clasping and following release,
but the pattern of successtvely longer peniods of
immobility followmg successive ejaculations, has
been described n normal rats?® It has been re-
ported that mount bouts, a series of mounts inter-
rupted by some non-sexually directed behaviour,
such as resting, exploring, eating, etc , form a unit
of the male rats’ sexual behaviour®? Decorticate
rats had significantly longer mount bouts, charac-
terized by significantly fewer mounts, than did the
control rats This was 1n part because they dis-
played longer mtermount latencies than did the
control rats The decorticate rats also made more
non-copulatory contacts with the females and
were often mexact 1 thewr approaches These er-
rors also delayed mounts, increased the duration
of mount bouts, and reduced the number of
mounts per mount bout

The surprising preservation of copulatory
movements following decortication 1s consistent
with previous studies that have shown that the
cortex 1s not essential for most of the motor
patterns displayed by the rat'®-**=** The results
also demonstrate that rather complex sequences
of behaviour, such as 1s characteristic of the
species-typical behaviour of male rat copulation,
1s not dependent upon the integrity of the cortex

This result i1s consistent with previous work
showing that the complex sequence of grooming
behaviour of the rat survives decortication’®43
The results, however, do not support the con-
clusion that social behaviour 1s essentially abo-
lished by decortication®®, since by most defim-
tions copulation, and the non-copulatory inter-
actions of gemtal smffing, treading and passing-
over, etc , would be considered social behaviours
Other observations from prehminary studies
(Whishaw and Kolb, unpubhshed observations)
showing that decorticate male rats will engage in
pup killing, hovering over pups, and will defend a
territory, and that female decorticate rats will
raise pups, and that male and female decorticate
rats will engage in play behaviour also confirm
that decorticate rats will engage in considerable
social behaviour Different findings with respect
to the mcidence of social behaviour 1n decorticate
rats 1s hkely attributable to the test situation, for
as we have pomted out*?, more normal behav-
tours can only be expected from decorticated rats
in optimal test situations. It must be noted, how-
ever, that decortication may have differential ef-
fects on different types of species-typical behav-
ours, for there are currently no demonstrations
that behaviours such as nest building and food
hoarding survive decortication'®*® Finally, the
results suggest that some species-typical behav-
tours, which mvolve sequencing a number of dif-
ferent movements within a temporal dimension,
must have a different neural basis from praxis
behaviours as they are described in humans?°-22
Although decorticate rats can acquire quite com-
plex strumental responses (see ref 28 for a
review), they cannot perform tasks requiring the
appreciation of place®®, and 1t 1s unlikely that they
could master tasks requiring timing or sequencing
a number of different acquired responses?!=®
The present results do not mean that the cortex
plays no role i the control of male sexual behav-
iour It has been suggested that the role of the
cortex, or its non-spectfic afferents, 1s to facilitate
the acquisition of new motor responses?', to regu-
late type I movements (walking, rearing, turning,
etc ) so that each occurs in an appropriate con-
text®$, to extend the range of environmental con-
ditions 1n which normal behaviour can occur®’,



and to facilitate the analysis of and responses to
the relational properties of distal stmuli®*® Since
the laboratory test situation used here was rela-
tively confined and simple, and since the female
rats regulated much of the approach behaviour of
the male rats, 1t 1s understandable that male copu-
lation might appear surprisingly normal Were the
tests conducted in a more natural setting, how-
ever, 1t 1s possible that the male rats’ abnormalities
would be more pronounced and the contributions
of the cortex more obvious Nevertheless, our
general impression of the male decorticate rats, as
well as results showing abnormalities in mount
bouts and intermount intervals, was that they
lacked the precision and speed of normal rats
theirr approaches to the female rats This must
mndicate that even in the simple laboratory test
situation they are unable to respond to ambient
events m the way that intact rats do

An aspect of the decorticate male rats’ behav-
1our that was characteristic were the exaggerated
falls and tumbles made when dismounting the
female After mtromussions they often fell to one
side or reared excessively to land on their backs
Abnormalities 1n mb and body posture are a
feature of decorticate rats*®**#4 Therr cause
might be due to an exaggeration of certain reflexes
At the end of an mtromussion the rat makes a
rapid kick with one rear imb An exaggeration of
this kick may cause the rats to be thrown to one
side Dismounts from mtromssion are character-
1zed by a rapid rear, exaggeration of this act may
throw the rat onto its back The long periods of
mmmobihty, with clasping and following release,
after ejaculation, may have also been due to an
exaggeration of a reflexive response The presence
of these abnormalities does demonstrate that the
cortex 1s essential for the more normal execution
of many motor responses.

Finally, 1t 1s interesting to note that social depri-
vation has been reported to disrupt male sexual
behaviour'é Since it mght be thought that depn-
vation produces its consequences through map-
propriate cortical development!3, it 1s surprising
that our neonatally decorticated rats copulated
Although we took no special care to control social
experience during development, expenence could
be a factor influencing copulatory success, which
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mught provide evidence that experience can also
mfluence behaviour by modifying subcortical de-
velopment

In summary, although decorticate male rats do
display long latencies to mitiate copulation, have
mount bouts that are long and contan few
mounts, and display exaggerations in some move-
ments, many aspects of their behaviour are re-
markably normal Two implications of these re-
sults are striking The first 1s the surprising degree
of control that subcortical structures can exert in
producing and executing the complex sequence of
behaviour mvolved in male rat mating The sec-
ond 1s the degree of control that the female rat,
through her various movements, exerts on the
behaviour of the male It is unlikely that the con-
tribution of the female would have been noticed
had only normal male rats been observed, since in
mitiating mating so rapidly, they gave the appear-
ance of regulating their approaches It was only
after observing and notating the repeated inter-
actions between the decorticate males and the
females, which did not result m copulation, that
1t became evident that the movements of the fe-
male were controlling the approaches of the male,
and thereby enhancing the probabulity of success-
ful mating
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