are unphysiological or that they have
never or rarely occurred previously in
the rat’s life. Many different conditions
may result in altered evoked potentials.
Such conditions include arousal, sleep,
attention, distraction, pharmacological
intervention, brain stimulation, and so
forth. The data do suggest, however,
that the mediating states do not com-
monly occur during operationally de-
fined baseline periods and that, there-
fore, the conditioning process does not
involve selection of a baseline state for
production. It follows that the neural
processes activated during conditioning
represent a distinctive set of states.
Thus, the conditioning technique may
not be an appropriate way of isolating
for study a process that is occasionally
observed in a baseline period. These
implications, on the one hand, restrict
the applicability of operant neural con-
ditioning for the purpose of direct study
of normal psychology and physiology.
On the other hand, the intriguing pos-

sibility remains that neural condition-
ing methods may allow experimental
isolation of unusual or even otherwise
unobservable patterns of novel be-
havior or cognition of potentially adap-
tive value.

J. PETER ROSENFELD

Bruce E. HETZLER

Cresap Laboratory of Neuroscience
and Behavior, Psychology Department,
Northwestern University,
Evanston, Illinois 60201
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Sexual Behavior: Normal Male Patterning

in Androgenizéd Female Rats

Abstract. Female rats treated with testosterone as neonates and as adults
exhibited a temporal patterning of male copulatory behavior identical to that of
normal males, although such females displayed few intromission reflexes and
almost no ejaculatory patterns. With prenatal, postnatal, and adult testosterone
treatment, female rats displayed all the characteristic masculine responses and
intervals, including the ultrasonic postejaculatory vocalization.

Females of many mammalian species
exhibit several of the motor elements
of male copulatory activity, especially
mounting of receptive females (7).
Among rats, normal estrous females
often engage in male-like mounting
activity, but they rarely display those
motor elements that characterize the
male’s penile insertions and ejacula-
tions (2). When adult female rats are
treated with androgen, the proportion
of animals mounting is comparable to
that of males, but phallic development
is not enhanced and there are few be-
havioral insertion responses by such
females (3). Combining perinatal (pre-
and postnatal) and adult treatment of
females with androgen augments phallic
development and yields a concomitant
increase in the occurrence of the motor
components of insertion (intromission)
as well as ejaculation. Such females are
similar to males in the number of intro-
missions displayed preceding each ejac-
ulatory pattern and in the duration of
the postejaculatory intervals (4).

The problem here was whether fe-
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male rats treated with androgen at
different times during development
would differ from normal males in the
temporal patterning of copulatory acts.
This question could not be adequately
answered with traditional measures of
copulatory activity. With such mea-
sures direct comparisons between males
and females are meaningful only if the
females have been treated so that they
can display the reflex patterns of intro-
mission and ejaculation. However,
with some treatments females mount,
but due to, for example, inadequate
phallic development, they have a lower
probability than males of displaying
intromission and ejaculatory responses.
In such cases conventional measures
are inapplicable, and comparisons
based only upon proportions of animals
displaying intromissions and ejacula-
tions are inadequate and even mislead-
ing measures of copulatory perform-
ance. Measures are required that avoid
confounding sexual dimorphism in
copulatory activity with sexual di-
morphism in genital apparatus.

It is possible to measure the rate of
attempted copulations independently of
the occurrence of intromission and
ejaculation. This can be accomplished
by measuring the temporal periodicity
of clusters of mounts, or ‘“mount
bouts.” When rats copulate the male’s
mounts tend to recur in bouts of one
or more mounts which may or may not
eventuate in intromissions. Under com-
mon laboratory conditions, mounts
within a bout tend to be separated by
1 to 10 seconds, and the intervals be-
tween bouts tend to be about 30 to 60
seconds. Normal males prevented from
gaining intromission (by penile anes-
thesia or by occlusion of the female’s
vagina) nonetheless show the same
temporal patterning of mount bouts as
when intromission is possible. The
mount bout is apparently a fundamen-
tal unit in the timing of male copula-
tory activity (5).

We now report that neonatally an-
drogenized females, which rarely dis-
play intromission, as well as perinatally
androgenized females, which normally
display intromission, have a temporal
patterning of mount bouts that is in-
distinguishable from that of males. In
addition, females capable of displaying
the ejaculatory response do not differ
significantly from males in their pre-
ejaculatory patterning or postejacula-
tory behavior, including the ultrasonic
postejaculatory vocalization.

Female rats (N = 23) were injected
within 24 hours of birth with 0.5 mg
of testosterone propionate (TP) in pea-
nut oil subcutaneously (6). Males
(N =12) from different litters were
untreated at birth, but otherwise reared
similarly. After weaning, the rats were
housed in unisexual groups. The ani-
mals were gonadectomized at 70 to 80
days, and implanted with a pellet of
TP (10 mg subcutaneously) at about
120 days of age. Testing began about
2 weeks later. Experimental animals
were placed in an aquarium (50 by 30
by 30 c¢cm) with wood shavings on the
floor 5 minutes prior to the introduc-
tion of a receptive female. Testing con-
tinued for 24 minutes. Up to four tests
were given at weekly intervals. For
each animal, testing was terminated
after criterion was met in two succes-
sive tests or after four weekly tests (7).
Data analyses were based on the final
two tests and included either the first
12 minutes of mating behavior or the
copulatory series prior to ejaculation
when that occurred in less than 12
minutes.

The criterion for maters was met by
58 percent of the males and 76 per-
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cent of the females. Of the males that
mated, 100 percent achieved intro-
mission and ejaculation. In contrast,
89 percent of the females displayed
intromission and 5 percent ejaculation.
The data in Table 1 are based upon the
animals that met the mating criterion.

The females did not differ signifi-
cantly from the males in their latencies
to the first mount. Once mating began,
the temporal patterning of the behavior
was virtually identical in males and
females, as reflected in the data on
mount-bout period and time out. This
identity was maintained despite signifi-
cant differences between groups in the
number of mounts and in the propor-
tion of mounts that resulted in intro-
mission. These differences may be at-
tributable to a reduction in size and
sensitivity of the females’ phallus. rela-
tive to that of the males. Phallic dif-
ferences are apparently irrelevant to
the temporal organization of mating
once it starts.

In a separate experiment in a differ-
ent laboratory with rats from another
supplier, the copulatory behavior of
female rats androgenized before and
after birth was compared with the be-
havior of normal males (8). Pregnant
females were injected on days 16 to
20 of pregnancy with 2 mg of TP in
peanut oil subcutaneously, or with pea-
nut oil alone. Female offspring of TP-
injected females were injected with 0.5
mg of TP subcutaneously in 0.01 ml
of peanut oil on days 1, 3, 5, 7, and 9
postpartum. Male offspring of the oil-
injected females were injected only
with oil on the same schedule. At 85
days of age, four oil-treated males and
six TP-treated females were gonadec-
tomized and implanted with 25-mg
pellets of TP subcutaneously. Experi-
mental testing was started at 120 days.
Each animal was tested four times at
2-week intervals. Tests were ended with
the first intromission after the third
ejaculation. Data for the first copula-
tory series of the last three tests were
analyzed and are summarized in Table
2 (9).

All the females demonstrated normal-
appearing responses of intromission
and ejaculation. There were no sig-
nificant differences between males and
females in measures interpretable as
motivation for copulation (mount la-
tency, postejaculatory interval) or tem-
poral patterning (mount-bout period,
time out). The only measure for which
differences between the groups achieved
significance was ejaculation latency,
whereas the number of intromissions
approached significance; both measures
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Table 1. Comparison of copulatory behavior of normal male rats with behavior of females
injected with androgen neonatally. Group means are based upon individual means in the last
two tests of animals reaching criterion as maters. See text for additional details.

Behavior Males (N =17) Females (N = 19)
(Mean = S EEM.) (Mean = S.EM.)
Mount latency (seconds) 87.6 =450 1120 +=39.9
Number of mounts without intromission 58 = 15% 208 = 1.5*
Number of intromissions 83 =+ 0.8* 39 = 0.7*
Proportion of mounts resulting in intromission 0.66 = 0.07* 0.16 = 0.02*
Number of mount bouts 114 = 03 134 = 06
Mount-bout period (seconds) 558 = 5.5 590 = 32
Time out (seconds) 514 = 6.5 499 *= 32
* Differences between male and female groups (f-test) were significant, P < .01. In all other

comparisons, P> .25.

Table 2. Comparison of copulatory behavior of normal male rats with that of perinatally
androgenized females. Group means were computed from the means of individual animals’
first ejaculatory series in the last three tests. See text for additional details.

Behavior

Mount latency (seconds)

Intromission latency (seconds)

Ejaculation latency (seconds)

Number of mounts without intromission
Number of intromissions

Proportion of mounts resulting in intromission
Mount-bout period (seconds)

Time out (seconds)

Postejaculatory interval (seconds)

Males (N = 4) Females (N = 6)
(Mean = S.EM.) (Mean += S.EM.)
453 *£252 692 + 40.1
66.9 =+ 32.1 1342 += 69.8
329.1 =+ 51.7* 973.0 *+241.2%
66 = 22 209 =+ 186
88 = 1.0t 134 = 1.0
0.61 = 0.07 050+ 0.08
486 *= 8.0 593 = 35
369 = 79 442 + 4.6
339.5 +20.2 406.8 = 342

* P <.10. TP <L.02

relate to the amount of time or stimu-
lation needed for ejaculation, rather
than to temporal patterning (10).

Finally, five perinatally androgenized
females, treated identically to those in
the preceding experiment, were placed
with receptive females and their ultra-
sonic vocalizations were monitored by
a heterodyne receiver (/1), and also,
in two instances, an oscilloscope.

All five females emitted 22-kilohertz
vocalizations after ejaculation. They
began 36 = 13.1 seconds [mean =*=
standard error of the mean (S.E.M.)]
after ejaculation, and they stopped
260 = 30.3 seconds after ejaculation.
The interval between ejaculation and
next intromission was 354 *26.5
seconds. The ratio, time of vocaliza-
tion termination to time of resump-
tion of copulation (postejaculatory
interval), was 0.74 = .06. The compara-
ble figure reported for males (same
strain, different supplier) is 0.75 = .03
(12). The frequency and amplitude of
the vocalizations in the androgenized fe-
males were identical to those of the
males. This equivalence in vocalization
characteristics and duration suggests
that the refractory state of which the
vocalization is a reflection is also the
same in androgenized females and nor-
mal males.

The females we treated with andro-
gen perinatally had the potential for

the full display of male copulatory be-
havior, including mounts, intromis-
sions, and ejaculations. These females
showed the characteristic behavior and
temporal patterning of males both
before and after ejaculation, including
the postejaculatory vocalization and
the normal postejaculatory intervals.
The females treated only neonatally
with androgen did not display the full
pattern of masculine copulatory be-
havior; there were few intromission re-
sponses and fewer ejaculation patterns
in this group. However, we employed
a measure of sexual activity which re-
vealed that underlying superficial dif-
ferences between males and androgen-
ized females in copulatory performance
there is an identity of temporal pattern-
ing. Knowledge of this identity, and
employment of the measures of tem-
poral patterning that revealed this
identity, may be wuseful in further
analyses of the mechanisms and loci
of the masculinizing action of perinatal
androgen.

BENJAMIN D. SacHS

EpwARD 1. PoLLAK
Department of Psychology, University
of Connecticut, Storrs 06268
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Precision Selenodesy via Differential Interferometry

Recently (I), we described some
astronomical applications of differential
interferometry and the results from
tracking the Apollo 16 Lunar Rover.
The accuracy of this tracking and of
similar interferometric observations of
ALSEP (2) telemetry transmitters was
degraded mainly by instrumental errors
corresponding to uncertainties of tens
of meters on the lunar surface. We re-
port here the first results from the de-
velopment and use of a new type of dif-
ferential receiver to determine the rela-

tive locations on the lunar surface of
two ALSEP transmitters. This receiver
has made it possible to reduce random
and systematic instrumental errors to
nearly negligible levels—the equivalent
of displacement uncertainties of cen-
timeters on the lunar surface.

With the new differential receiver,
the same S-band antenna, radio-fre-
quency amplifier, frequency converters,
and intermediate-frequency (IF) am-
plifiers are used to receive the signals
from two ALSEP’s simultaneously at

Table 1. Solution for selenographic coordinates of ALSEP 14 from differential interferometry
and coordinates of ALSEP 12. All coordinates except those describing the selenographic
latitude and longitude of ALSEP 14 were held fixed at their nominal values, derived from
analysis of Apollo Lunar Module tracking data (13). See text for a discussion of errors.

Selenographic
. Radius Baseline
Site Latitude Longitude (km) (km)
(°S) W)

ALSEP 12

Nominal 2.9903 23.4031 1736.000
ALSEP 14

Nominal 3.6656 17.4783 1736.393

New minus nominal —0.0412* — 0.0221%
ALSEP 12 to ALSEP 14

Nominal 180.315

New minus nominal 0.531
* 1.249 km. 1 0.668 km.
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each tracking station. Thus, the ALSEP
signals, which originate at frequencies
between 2275.5 and 2279.5 Mhz, ap-
pear at corresponding frequencies
within an IF band centered at 10 Mhz.
Any phase noise or drift introduced by
the receiving system before this point
(which includes all of the critical high-
frequency portions) affects both ALSEP
signals equally. From the IF signals, a
system of phase-locked oscillators and
single-sideband frequency converters
then generates a frequency equal to
360 times the difference between the
two ALSEP carrier frequencies, minus
a constant bias (3). Cycles of this multi-
plied difference frequency are counted
digitally. Subtraction of the numerical
values of the counts obtained simultane-
ously at separate receiving stations
yields the differential interferometric
phase-delay observable.

This technique was used to observe
the Apollo 12 and Apollo 14 ALSEP
transmitters from stations in Merritt
Island, Florida, and Goldstone, Cali-
fornia (4), between approximately
06:30 and 12:30 U.T. on 28 October
1972. From these data we estimated
four parameters representing the selen-
ographic latitude and longitude of one
ALSEP (5), the arbitrary initial value
of the differenced counter readings, and
the zenith delay of the atmosphere
(assumed the same at both stations).
The estimates for the relative positions
of the ALSEP’s are given in Table 1
and the postfit residuals in Fig. 1. The
root-mean-square of the high-frequency
“noise” in the residuals, equivalent in
displacement on the moon to less than
15 cm, could easily have been lowered.
The observations, spaced 1 minute
apart and representing merely 0.05
second of signal averaging each, yielded
formal standard errors of 50 cm for the
components of the position on the lunar
surface of ALSEP 14 relative to AL-
SEP 12. Had each point represented
the full minute of averaging, the
formal error would have been about
1.5 cm and the high-frequency “noise”
correspondingly reduced.

With the random and instrumental
errors reducible to such a low level,
the accuracy in the determination of
the relative positions of the ALSEP’s
becomes limited by other factors. We
discuss these in order of increasing
importance.

Differential effects of the neutral
atmosphere influence the observable.
These were modeled by a modified
secant-zenith-angle law. At the begin-
ning of the observation period when
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