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I. INTRODUCTION AND FORMULATION OF THE PROBLEM

The research to be reported ¢onsists of a number of experiments
which were conducted during an investigation of hormonal, experientisl
and genetic factors involved in the sexual behavior of the male guinea
pig. These experiments have been performed during the past three years.
Some of the work has been published in abstract form (29, 30, 32), all
is being prepared for definitive publication. Experimental work that
has been in progress for a mmber of years frequently is difficult to
desceribe in the usual fashion which dictates a listing of a1l hypotheses
in advanee. Many of the prohlems investigated were not anticipated, bub
rather emerged from the data as the work progressed, The procedure to
be employed here will be to define the problem-area studied and to deseribe
each experiment or sub-experiment in chronological order reflecting the
sequence in whieh the problems arose and were studied.

Grunt and Young (10, 12) demonstrateds 1) There are consistent
individual differences in sexmal. behavior between male guinea pigs.

2) After the animals bad dropped to a base line of semnal activity follow-
ing castration and were given the same amount of testosterone propionate,
the sexnal performance of each animal tended to retwrn to that of the
precastrational period.

Vith respect to sexmal behavior the authors concludes

", . +mch of the difference between individuals is attributatle
to the reactivity of the tissues rather then to differences in the amount
of hormone" (10, p. 247).



This experiment suggested an interesting area of investigation.

If differences in androgen level are not sufficient to explain the differ.
ences in somsl performance that exist between male guinea pigs, what
factors are responsible? Ab least two possible explanations exist. The
first would assume that individusl differences in reaction to teshosterone
propionate are governed by hereditary (genetic) factors. There are
muerous studies that have demonstrated that, zithin a species, specifie
behavioral characteriastics are peculiar to certain strains. A mumber of
such cases have been deseribed in recent reviews (9, 13). It is important
to bear in mind that it is never the behavior that is inherited directly,
but rather some feature of the somatic sub strate that influences the
direction of the developing behavior patterns. In the case on hand,
inherited differences in the tissues mediating demial behavior may aceount
for differences in reazctivity to gonadal hormones. Or, to look at the
prohlem somewhat diffarently, the genetie charzcter of the soma may be
responsiile for individual differences in vigor and these may require
gonadal hormones in order to be fully expressed,

Another explanstion for the individusl differences in reactivity to
androgen could involve the eaperdiential background of the male, If one
could demonstrate thad experiences during the life of an animal heighten
or suppress semial behavior, or, that certain types of experience are
necessary for the acquisition of the sexual patbtern, then the possibility
that experiential fastors influence the reaction to the androgen would
exist, It should be emphasized, end the point will be treated more fully

in subsequent sections of this study, that the two explanations are not



mbuglly exclusive and may in fact be conmlementary, The writer was
parbicularly interested in the rold of experience in determining the
effectiveness of androgen treatment, tut some of the first results revealed
that the genetic background is also important and had to be considered,

A review of the litsrature is not encoursging to anyone intending
to use rodents to test the necessity of experience for the organization
of patterns of semsl behavior. Ixperiments by Stone (28) and Beach (3)
suggest gtrongly that the male rat does not require contact with other
animzls in order to exhibit the complete semal act at maturity, The
literature is replete with such statements ass

"Given an inexperienced male rat which has reached the state of
physiological development denoting copulatory ability, one needs only
to supply the adeguate stimlus to evoke the eopulatory act.® (28, p. 131)

And zgain

HThe results of this investigation substantiate the generally
accepted view that the copulatory response is the action of an hereditary
mechanism," (28, Pp. 1h6-147)

Or

"The inatinetive character of the eopulatory pattern of the male
rat seems to be firmly established.® (2, p. 163)

And the followings

#The mating behavior of male rats appears in well-organized,
binlogieally effective form at a predictahble stage of ontogenstic
development; and the initial susceptibility to sexual arousal as well
28 the accuracy of overt copulatory performance appear to be independ-
?;t of pr;avioua sexual experience on the part of the individual,"

s P» ).

However; the literabure alse contains such statements ass

"Although practice or learning is nol necessary for biologiecally
adequate coital responses there is evidence indicating that the sexual
hehavior of adult males of this aspecies (the albino rat) mey be altered
by the conditions under which the animals are reared.¥ (1k, p. 204)



And,

#practice is not essentiel for effective coitus In many animals,
bub suseeptibility to sexnal arocusal and the kinds of behavior shewn
by the sexually excited individual can be albered by experience,w
{6, o, L08)

Mao

#, ., .even those lower mammalian species which are capable of mabing
without previous experience exhibit variocus modifications of sexual
activity on the basis of individual learning.” (5, p. 277)

To summarizs, the relevant literature indicates that gt the rodent
level previous ezperience with other animals is not a prereguisite for
the zppearance of sexnal behavior in mabure snimals, ut experience ray
be instrumental in both determining the range of stimli which can arouse
an animal sexnally and the level of excitement or arousal produced. It
should be noted, however, thab at the rodent level the role of experience
in the acquisition of sexual behavior has been investigated primarily
with rats although conclusions have frequently been extended to a1l
rodents, and oceasionally to animals of higher phylogenetic levels, 8.g.,

1, ., .rodents and carnivores are capable of, effective copulatory behavior
without specifie practice. . " (5, p. 276)

To be sure, other investigators (1, 18, 19, 26, 27, 36) have studied
the sexual behavior of the male guines pig, however, there have been no
studies which were designed specifically to examine the question of the

role of experience. The experiments to be réported were designed for the

#*
Kthough this specific problem has been investigated exclusively with
the rat, observations on other rodents and lagomorphs made for different
purposes have g bearing on the question. In this context one should
inelude Macirone and Walton (20) on the rabbit and Bond (8) on the golden
hemster, for example,
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purpose of 1) determining the extent o which the sppesrance of the mature

sexual pattern of the male guines plg depends upon previcus experience

and 2) the influenca, if any, this experience has in determindng the reac-

tion to injections of androgen.




JI. THE AVIMALS, METHODS OF OBSERVATION
AWD SCORING PROCEDUKES

The procedures which were common to all the experiments will be
deseribed first, those specific for each experiment will be discussed in
the appropriste sections,

Male guinea pigs from three strains were used. Strains 2 and 13
are highly inbred animsle that have been maintzined by brother-sister
nabings sinee 1904, Sufficient males were cbbained from the two inbred
Temilies by back erosses and mubings of cousing as well as brother-sister
msbings, Crosses other than hrother—gister have the effect of reducing
homszyzosity. However, these crosses were made after st least 80 genera-
Tions of inbreeding =nd, when one considers that spproximate homezygosity
is achieved in about 30 generstions (13, 25), the genstie homogeneity of
these animals can be aporecizted. Tho third strain of animzls was obbained
from a local dasler ard has been mainbainad with no attemmt to inbreed them.
These animals are referred to as the heterogeneous group. It was noted
in an earlier study (3L) that the Strain 2 males are characteristieally
the smallest animals in the colony, tut they are moderately vigorous.

The Strain 13 males are quite large, but extremely sluggish behaviorally.
The heterogeneous males are also quite large, however, they are the most
vigorous animals in the colony.

Vhen the intensity of sexusl behavior and its qualitative aspeots
were to be tested, a female exhibiting a good lordesis in response to

fingering (36) was placed in the cage with the isolated mele. The male's



beharior was then observed and rscorded during a 10 mimte period. Inas-
ruch as s nsle often does not shew any Murther interest in the same female
frmedistely after ejacaleting (11), the test was terminated before the
end of 10 mimtbes in those instances in which ejaculation cecurred. Each
male was given seven tests (except in experiment I, where 10 tests were
given) and the average score constituted the sexnel behavior seore for
that animal., The seven tests also provided a representative samle of
the qualitative features of the sexual behavior exhibited by the male,

In g11, 927 sexual behavior tests were made during the work reported in
this paper.

The sexual behavior of the male guinea pig and the method for esti=
mating it quantitatively and qualitatively have been described more fully
elsewhere (31, 37), however, a brief explanabion of the terms employed
may be helpful. Six components of sexnal behavior were recorded. These
ares sniffing, mgzling, aborbtive mounting, mounting, intromission and

ejaculation.

Sniffine refers to sniffing ond licking of the ano-genital region

of the female, Usually (37); this category included eniffing and licking
of the female regardless of the area of contact, bt in this study the
use of the term was restricted in an attempt to climinate some of the
genoral exploratory behavier which might not be semmasl in nature. The
effect of this ehange in scoring procedure is to lower the scores achicved
by the enimals spproximately one peint balow that previensly reported for
similarly treated animals. MNuzzling is also licking and sniffing of the

ano-genital region of the female, ub is distinguished from sniffing by



its intensity and by a characteristic twisting and turning of the male's
head as he licks the female's genitalia, Abortive mounting is recorded

when the male places one or two of his front paws on the female, bubt does
not bring his body into contact with hers. Mounting is scored when the
nale mounts the female and brings his body into contact with hers. The
mele generally, but not always, executes a series of pelvie thrusts.
Mounting is usually oriented to the female's posterior end, tut he nay

also mount elsewhere. Intromission with or without subsequent pelvie

thrusts may accompany mounting, and when gjaculabion occurs the malels
activity is brought to an end with a grasping of the femzle's sides and
a convulsive drawing in of the flanks.

The score for a test was determined by weighting the above behavier
as followss Q.1 for sniffing, 0.2 for muizzling and abortive mounting,
0.3 for mounting, O.4 for intromissions and 0.5 for ejaculation. Only

the highest measure of behavior displayed in each 15 gsecond period was

scored, Therefore, if the test lasted 10 mimutes, the maximum mumber

of scoreable units was 40, If the test was shortened by the occurrence
of an ejaculation, the score was multiplied by a factor which took into
consideration the shorter test period. This factor was the quotient of
Lo divided by the actual mmber of 15 seecond periods up to and including
that during which the ejsculation occcurred. With this procedure an
animal that mated in the first 15 second period received the maximum
score of 20, while an animal that did not come in contaet with the female
during the 10 mimte test period was scored 0. The sexual behavior score

therefore, takes into account the quantity and maturity of sexnal behavio:
displayed.



During the months in which observations were being made, the
nales were isolated in cages, 2' x 2% x 1', The laboratory temperatiure
was maintained between 68° and 76° F. The diet included Purina rabbit
chow, oats, green vegetables, alfalfa hay and water. With the exception
of one animal, which will be mentioned in context below, all animals
appeared healthy throughout the period of study.



III. EXPERIMENTS

Experiment I, Reslstance of strain differences in male semal behavior
to meternal influence,

A previous study (3L) had shown that males of the highly inbred
Strain 2 were significantly lower in sexual behavior than the heterogeneous
males., In line with the question of the importance of experiential factors
for the sexnal behavior of male guinea pigs, en investigation was under—
taken to determine the role of maternal influence from birth to time of
weaning which was on day 30. It was reasoned that some or all of the
differences between the Strain 2 and heterogeneous males might be attribut-
able to some aspect associated with maternal care. This could be some
feature of the maternal or general behavior of the sow or some mitritional
factor associated with her ability to provide nourishment for the dsvelop-
ing male,

Procedure. Seventeen pairs of guinea pigs were interchanged at birth
so that one sibling remained with its mother while the other was placed
with a foster mother from the other strain, Seven pairs were composed
of Strain 2 males and 5 pairs were composed of heterogeneous males. In
addition there were 1 pair of Strain 2 females and 4 pairs of heterogeneous
females involved in these interchanges that contributed data on the rate
of growth. The animals were raised two to a sow and were weaned and iso=
lated at 30 days. Vhen the males were 70 days old, 10 weekly tests (instead
of the usual 7) of sexnal behavior were begun,

10
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Results. The Strain 2 males were significantly (P .0L) lower in
sexmal behavior score regardless of the sow. The average scors was 5.7
for the inbred males with their mothers and 5.8 for those reared with
heterogeneocus sows, For the heterogeneous males with their mothers the
average score was 8.5 and 10.6 for those raised with inbred sows. The
only significant differences between scores were those between the scores
of the inbred and heterogeneocus males.

The growth rate of these animals provided an interesting sidelight.
Considering males and femoles together, Strain 2 animals with their
mothers gained an average of 153 grems during the 30 days up to weaning
age, while those with heberogeneous sows gained 171 grams. Heberogeneous
yourg gained 239 grams with their mothers in contrast to 210 grams with
Strain 2 sows., The greater weight gain of the animals raised with the
heterogeneois sows approaches significance for both Strain 2 and the
heterogeneous animels. The probability that such weight differences
would occur by chance lies between 0.1 and 0,05 for both groups.

Discussion. This experiment was regarded as a pilet study desigmed
to investigate the possibility of maternal influence during the mirging
pericd on sexusl behavior, From the results it is clear that the differ—
enceg in sexnal behavior between Strain 2 and the heterogeneous males esuld
not be attributed to any maternal influence between birth and weaning age.
Rather it seemed to be related to some difference existing at birth. Oniy
the growth rates of the animals were modified by the sows. Howsver, it
was 2lso clear from the results that growth in these animals depended
primarily on genetic factors and only secondarily on the "maternalf



factors to which the animais were subjected. This is evident from
the significantly faster growbh of the heterogeneous animals with either

8Qws
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Ezneydment II. The role of conbact with other animals on the crpenizsbion
a.nd d.bpla;r of gezual behavior.

Observations of animals raised under different caging conditions hed
suggested Yo Dy Riss of this laboratory and the author that males with
a minlmm of contaeh with other animels frequenbly do not mate., It wes
deciced; therefore, to Investigate this possibility in a study designed
specifically for this purpose,

Procedure, Fourtwen heberogeneous, 1h Strain 13 =nd 26 Strain 2
males were used, The animals of each group were divided so that onee

iel? were raised in an jgolabted gituation and the cther hal?® in a soeclizl

gitvation. Thus, for both the heterogeneous and Strain 13 animals, there
were 7 mules in the soeial group and 7 that were isolateds The Strain 2
aniingis were not divided exzctly in h:lf, there being 19 malss in the
social group and 17 that formed the group of isolates. A1l isolated msles
wore raised alone with their mothers until day 25 when they were wesned
and isolzbted, The socizl males wore lefb with their litter mates until
day 25, then wesned and placed with three to five femzles of approximstely
the same age and weighte On day 73 the M"soeial! nales were isolated.

On day 77 the first of 7 weekly tests of sexusl behavior was given to
each of the isolated and socially reared males. The aversge of these
tests constitubted each animal's sexisel behavior score. The qualitative
information to be reported below was likewise based on these 7 tests of
cach male, Hereafter, in the terminology to be used the animals will De
referred to as isolate and socisl males, btut it should be kept in mind
that these terms refer to the conditions of rearing during the first 73
days of the animals! lives. After day 73 all animals were isolated in
individual eages,



Results. The results from each group of animals are sumarized
in Table 1. The data reflect the unique characteristics of each strain
of animals and eonsequently are presented separately,

Strain 2 Males, The striking differences betwsen the isolate and
Social groups of Strain 2 males are revealed even by a superficial exami-
nation of the data in Table 1, The difference in average sexnal behavior
scores (3.9 for the isolate and 6.8 for the social group) is highly
significant (P (.0l). Similarly, the differences in the higher measures
of sexnal behavior (mountings, intromissions and ejaculations) are also
highly significant (P (.01) whether one considers the average frequency
per animal or the percent of animals displaying the behavior. Only one
isolated Strain 2 male (6% of 17) achieved intromission and ejaeulation
and the latter occurred just once. It is also important to point out in
connection with this male, that there was a concentration of these higher
units of sexual behavior in the last three tests, suggesting that some
learning may have been taking place during the earlisr tests, In general,
however, the seven 10-mimite exposures to the female were not sufficient
to effectuate any change in the males! behavior.

Vhen eomparing the Strain 2 males with respect to their exhibition
of the lower measures of sexual behavior (sniffing, muzzling and abortive
mounts) a different picture is seen. At this level the isolate males
surpassed the social males. The former were exceedingly active, display-
ing a persistent and vigorous interest in the females. The isolate
animals showed no sign of "freezing!" but despite this lively interest in
the females were unable, with the one exception mentioned, to mount them

in such a way that intromissions and ejaculations could be accomplished,



TABLE 1

Comparison of sexual behavior of male guinea pigs weaned on day 25

and raised in isolation with that of males raised with females.

(Data obtained from 7 tests of each male after 1solation, day 77-120)

Lower measures Mountings Intromissions Ejaculations
verage Average Average Average
Animals per percent per percent per percent per percent Average
N |lanimal displaying|animal displayinglanimal displaying|animal displaying| scores
Hsolated [L7 ] 149.0 100 1.2 35 0.5 6 0.06 6 3.9
Strain 2
soclal
lsituation {19 | 97.3 100 18,0 100 18.0 90 3.7 8l 6.8
1solated | 7| 129.4 100 2.0 71 0.0 0 0.0 0 3.6
Strain 13
social
[situation| 7| 96.4 100 6.4 86 Te6 57 0.6 57 3.0
1solated | 7| 70.2 100 17.4 71 12.6 71 Ly 71 7.5
Genetically
heterogeneou
soclal
situation| 7 36.4 100 19.6 100 20.6 100 6.7 100 9.9
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Strain 13 Males. The behavior of the Strain 13 males was consider-
ably different. A comparison of the average semmal behavior scores reveals
that the isolate group is slightly higher than the soecial group (3.6 for
the isolated corpared with 3.0 for the social animals). However; the
difference is not significant. A breakdown of the score presents another
story., Fifty-seven percent of the social animals had intromissions and
ejaculations while none of the isolate animals exhibited any of these
higher measures of behavior. This difference, when analyzed by chi-square
yields a xz of 3.15* which lies between the 5% and 10% levels of confidence.
However, inasmch as the difference is definitely in the predicted direetion
there are good grounds for using a one=tail test which would place the
probability below the 0,05 level of confidence. In elther case the trend
is clear, none of the isolate aniinals was able to achieve intromission
and ejaculation while 4 of the 7 males in the social group exhibited these
higher measures of behavior,.

that seems to be a paradox between the lack of difference in average
sexual behavior scores on the one hand, and the difference in the display
of the higher measures of behavior on the other, is easily resolved,

First, the socially raised males did not exhibit a sufficiently large
munber of the higher measures of behavior so that the greater activity

of the isolate males in the lower measures of sexual behavior was counter—
balanced, Secondly, the social Strain 13 males frequently either became

disinterested in the female following an intromission or were fatigued,

¥Corrected for discontimity.
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for it wss noted that the perioeds of inactivity followlnz intromissions
were exceodingly long. In general, il may be stated that the extreme
sluggishness of the asnimals from this strain contributed to their lew
scores.,

Soversl atbtempts have been or are being made to mske the Strain 13
males more vigorous, In one experiment Riss (22) administered thyroxin
o animals from this strain. The sexual perfommance of the thyroxin
treated males was not elevahed significantly, although thers was a trend
in that direction. In another experiment the author has a group of iso=
lated and social animals from this strain receiving supra-maintenance
quantities of androgen (500 g testosterone propionate/100 gm body weight/
daily) tut the data are not yebt complete.

Heterogeneous Males, 8till another picture is presented by the
heterogeneous maless The qualitative differences as wsll as the differw
ences in average sexual behavior scores between the isolate and soeial
groups of the heterogenecus stock is not very striking (Table 1), Again
the differences are in favor of the socizl males, but they are not gig-
nificant and are dus solely to the presence of two isolated animals who
did not mount, achieve intromission or ejsculate, However, the fact that
these two males were less than the average in weight suggested an expla~
nation of these results., Previous work (31) had revealed that the
heterogeneous animals are extremely vigorous and have a very razpid growth
rate, In another study, Riss, Valenstein and Young (24) have shovm that
the development of sexual behavior in the heterogeneous males proceeds

at a much Paster rate than that of Strain 2, Considering these faets it
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was rcasoned that the isolate animuls might have had sufficient oppor-
tunity for the organization of thelr saxual behavisr during the 25 days
prior to weaning when they were with the sows., Males have been observed
to attemt and sometimes succeed in mounting their sows., The two lighter
males ndght not have been able to benefit as mich from their contact with

the sow. With this in mind, a supplementary experiment was designed.
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Pxperiment IIA, Compavison of the sexnal behavior of igolated and

socially raised heterogeneous males weaned at 10 days.

In order to check the hypothesis suggested sbove haterogenecus
n2les were weened and isolated at an earlier age than 25 days.

Procedure, Twenby heterngeneous males were used. They wers divided
into two grours of 10 each, The isolcte group was raised one to & sow,
but they were weaned and isolated on day 10 rather than day 25. The
socially reared mzles were raised fwo to a sow (2 males or 1 male and 1
female) and also weaned on day 10, but each male waz then placed with three
females. As in experiment II, the soclal animals were isolsted on day 73.
Seven weekly tests of the animzls in both groups were bogun on day 77.

Results. The resultc ars summarized in Table 2, The significant
differences between the lsoclate and soeial males are cleariy spparenb.
The differences in aversge scores and in the psrcent of animals displey-
ing behavior in the higher categories are significant beyond the 1%
level of confidence. Again, the isolate animzls exhibited a grest dezl
of interest in the females and this is reflected in the greater amount
of lower measure beohavior., The secxusl behavior score of the soecizl
animsls is somewhat lower than that of the social animals weaned at 26
days, bub this is explained by the Ufreezing! of eons animal weaned at 10
dayse This male appeared to be afraid of the female during the first
four tests and as a result its score was considersbly depressed. Howe
ever, once the animal started to approach the femaie it had intromissions
and ejaculated almost immediately. Thls was the only case of prolonged
Ufreezing! observed in this or any other of the experiments.



TABLE 2

Comparison of sexual behavlior of genetically heterogeneous male guinea plgs

weaned on day 10 and ralsed in isolation with that of males raised with females.

(Data obtained from 7 tests of each male after isolatlon, day 77-120)

Lower measures Mountings Intromissions Ejaculations
Average Average Average Average
per percent per percent per percent per percent | Average
Nijanimal displaying}animal displaying|animal displaying|animal displyaing| scores
isolated |10} 120.8 100 10.6 30 6.5 30 1.5 30 le9
social
situation{l0{ 52.9 100 ih.3 100 19.6 100 53 100 8.1




It is important to point out that weaning the animals on day 10
secmed to have no i1l effect on their health, The animals appeared to
be very vigorous and their weight on day 73 which was just prior to teste
ing compared favordbly with the weight of those weaned on day 25 (558
grams for the animals weaned ot 10 days, 550 grams for those weaned at
25 days). The 68~day gestetion period of the guinea plg is wmsually
long for a rodent and the animals are born surprisingly mature (their
eyes are open and they run sround eating solid food shortly after birth).
This condition of relative maturity at birth makes it possible to wean
the animals at earlier ages than might be pogssible for other rodents,
However, removing the gow at birth is frequently followed by a high rate

of mortality among the young (34).

Discussion of Experiments II and ITA.

The data show clearly that males who have a minimum of contach
with other animals have difficulby in mating, Although each of the iso=
lated Strain 2 males was given 7 tests with females, only 1 of 17
achieved intromission or ejaculation. In eontrast 16 of the 19 socially
reared Strain 2 meles ejaculated and 17 of 19 had intromissions. Among
7 isolate Strain 13 males, none achieved intromission or ejaculation,
whercas L of the 7 in the social group displayed intromission and
ejaculation. Of the heterogeneous msles weaned at 1.0 days, only 3 of
10 isolate animals had intromissions or ejaculations, but 21l of the 10
social males displayed the full pattern of sexual behavior. The isolated

animals gave evidence of being as mch aroused by the presence of the



female as were those from the social group and there was no evidence

of any emotionsl disturbance that could have interfered with their dis-
play of sexual behavior, The figures in Tables 1 and 2 giving the amount
of the lower measures of sexual behavior indieate clearly the vigor with
which the isolated males pursued the femzles, The best explanation of

these results appears to be that the sexual behavior of the isolated

animals had not been organized into an effective pattern.

The isolate animal exhibited many of the necessary components of
sexnal behavior, btut they were not organized and oriented in such a way
that the male was able to copulate. It is now appropriate to examine
more closely the problems subsumed under the rubric Morganiszed behaviort
and to raise the question of what actually is learned. This can best
be answered by deseribing in detail the essential difference between the
sexual behavior of the gsocial and that of the typieal isolate male.

The male guinea pig that is capable of mating ls oriented rather
specifically to the posterior end of the female. If the femalets
posterior end is inaccessible the male will attempt to forece her into a
more favorable position. This does not mean to imply that the male will
not lick and nibble at all parts of the female!s body, but rather that
the primary orientation is to the female's genitalia., When mounting
the female, the experienced male approaches the female from the rear
placing his chest over her back while simltaneously e¢lasping her sides
with his forepaws. The female is held by this clasping grip of the male
and as his genitalia are brought into contact with the back of the female,
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vigorous pelvie thrusts ensue, These pelviec thrusts usually result in
an intromission and sometimes eulminate in an ejaculation.

The inexperienced male pursues the female but when he cabtehes up
with her he frequently cirecles around attempting to mount her head or
gides. The licking and muzzling is generslly, bub by no means always,
oriented to the female's genitalia, whereas the attempted mounts (abortive
mounts in the scoring) may occur any place. In this connection Stone
writes of the rats he observed:

"In two instances young males performed the first sexual act
while mounted at the head end of the female and with the forelimbs
clasping the head and shoulder rather than the sides. The pelvie
movements were directed toward the face in these cases." (28, p. 126).

In addition, the mounts of the inexperienced male are attempted by plaeing
one or both forepaws directly on the back of the female, This generally
results in the female jumping away when the male places his weight against
her. This is in sharp contrast with the experienced male, who places

his chest over the femzle's back while clasping her sides,

The isolate male's mounting attemmts are not oriented to the femalets
posterior end in spite of the fact that the female's behavior assists in
orienting the male. She characteristically runs a few steps from the male
and then stops and asgumes the lordosis stance. When this happens the
pursuing male is naturally oriented to the rear of the female, tut the
inexperienced male usually runs right by the female!s rear in his effort
to catch up with her, If the male should mount the female from the side,
he is unable to clasp and hold her. As the female pulls away, she brings

her posterior region past the male and, as he attempts to hold her, he
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is sometimes successful in bringing his forepaws into such a position
that she is clasped on both sides from the rear,

This inability of the inexperdienced male to properly mount and
clasp the female and his lack of posterior orientation are his greatest
handicaps in achieving intromission and ejaculation. Onece a mele has
correctly mounted a female a serdes of pelvie thrusts (coiltal reflex)
ensue and these generally result in penis insertion which may “trigger®
the ejaculatory reflex. In spite of Stone's general conclusion about
the hereditary nature of the sexnal behavior of rats, he describes the
behaviorel differences between young and sexually mature animals as
followss

UAnother kind of difference centers about the appearance of the
elements of the copulatory act in a stage of slight disorganiszation.
Illustrations of this are common in the copulatory attemmts of the
inexperienced male just prior to the first successful copulatory act.
These elements may consist of mounting with or without definite clasp,

mounting and palpation of her sides with feeble pelvie movements that
do not effect vaginal entrance,! (28, p. 125, emphasis added).

These differences between young and mature rats are very similar to the

differences between guinea pigs of the same age with and without exper-

ienee with other animals,

If these results are so clear cut, how can the claims that rodents
require no learning to exhibit the complete sexmal act be explained?
The reason seems to be that there were only two experiments {3, 28) de-
signed to attaek this problem and both have been performed on the rat.

Stone (28) and Beach (3) compared the sexual behavior of mature
rats which had been raised in an "isolated" situation with those raised

in group situations and concluded that sexual behavior is imnately
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organized in this species. One possible resolution of the dilemma is that
rats require no learning in order to exhibit the complete sexuzl act,
but guinea pigs do. If so, the generalization based on experience with
the rat was too broad. However, if the correct conclusion has been
dram from the present dabta, there is another pogsible interpretation.
In both the Stone and Beach experiments the rats were weaned at 21 days
of age and isolation was begun at this time, ¥hile in neither case is
it stated specifically, the implication is given that the animals remained
with their siblings and sow up to weaning age. The average rat litter
gize of 8 or 9 suggests that there was considerable contact with siblings
prior to isolation, Indeed, rats have been observed according to Beachs
%0 pursue, mount and clasp other indivliduals a9 early as 21 days
afber wirth. Pelvic thrmusts sometimes ocour and the only eleament lack-
ing is the ejaculatory reflex. (6, p. 406}
Pth this in mind, it wmould sppear that in both Stone's and Beach's
experiments a better procediure would have been either to isolate the
animels at an earlier sge* or to have removed litler mates from those
snimals which were to be eventually isolated. In the present experiment,
if the isolate and soclizl animals had been selected exclusively from the
heterogeneous animals weaned st 25 days, the conclusion dravm might have
been similar to that of Stone and Beach,
In the above context, it should be noted that even when heberogensous
males were weaned at 10 days, 3 of the 10 in the isolated group attained

intropdssion and ejaculation in subsequent tests. The heterogenecus

3*
Because of their relative immaturiby at birth it is unlikely that rats
could be weaned as early as guinea pigs.



26

animals have a rapid growth rate and a great amount of general vigor,.
It would sppear therelfore, that even 10 days with the sow may prove to
be sufficient time for the organization of sexual behavior in some of
the more vigorous individuala. This 19 not surprising in view of the
relative maturity of the guinea pig st birth and the fact that male
guinea pigs from the heberogeneous stock have been obsarved to mount
femeles as early as the tenth day of age. (24)

Each of the three groups of animals (Strains 2 and 13 and the
heterozeneous stock) vresents a characteristic picture. The heterogeneous
animals are ideally suited for a rapid organization of their sexuzl be-
havior as they possess both large size and vigor. The Strain 2 males
are also vigorous, but their smeller stature may perhaps handieap th
in mounting and clasping the females Stone recognized the importance of
this point and in reference to thes young rat writes:

ULimitation in the size of the male and the girth of his forelimbs
cause a 3light difference in the placement of the forepaws on the body
of the female as he stands in the copulatory position.# (28, p. 123)

The inexperienced Strain 2 msles in particular tend to place their
forepaws directly on the back of the female rather than around her sides.
It seems possible that the relatively small Ngirth of the forelimbs"
necessitates a greater amount of contact with other animals to master the
technique of mounting and clasping. On the other hand, the sluggishness
of the Strain 13 mzles probably retarded both learning and the display
of what was learned.

At present several related experiments are being conducted, Young

males are being raised with other males in a situation which is otherwise
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comparable to that of the males raised with females in the present
experinent, Also, much of the procedure of the present experiment

is being repeated with animsls 6 to 8 months of age whose sexusl be~
havior has not shown any evidence of having become organized into an
effective pattern. Sowe of these animals were obtained from the isolated
groups of the present experiment., The fact that these animals still do
not exhibit the complete sexual aet even at tids more advanced age is
additional procf that physical maturity alone, in the absence of an
opportunity to organize the sexmial behavior patfern, is not sufficient.
These experiments should add valuable information 1) relevant to the
importance of intromission, ejaculation and drive reduction for the
organization of sexual behavior, and 2) the learning capacity of
animals at different zges, The resulis of these experiments will be

reported elsewhere.
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Experiment IITI. The role of experdence in influencing the effective~
ness of testosterone propionate.

In axperiments II and IIA it was shown that contact with other
animals plays an esgenbisl rele in the organization of sexusl behavior
into an effeebive pettern. It was then possible to turn to one of the
main proulems posed at the beginning of the investigation. An experi-
ment was designed to determine the role experiential factors have in
influencing the effectiveness of testosterone propionate on the stimila-
tion of sommal behavior,

Procedure. Fifteen of the 17 isolzted and all of ths 19 socially
raised Strain 2 males used in experiment II were selected for this part
of the investigation. At the completion of the 7 tests reported in
oxperiment II the animals were 120 days of ages ALt this age, 10 of the
isolated nales and 13 of the socially reared males were castrateds Five
isolated males and 6 soclel males served as intact controls, The cas-
trated mzles were left isolated and untested for 8 weeks, Between the
eizhth and tenth week three tests were mede with females., These tests
were used to ascerbain if the sexual behavior of the males had dropped
to the base line of zctivity characteristic of ecastrates (10, 12),
Beginning the 10th week zfter eastration the males received daily in-
jections of testosterone propionate for 10 wecks. Two quantities were
used. Five of the isolate and 7 of the soclal amimals received 254g/
100 gn body \zrb/daily while 5 of the isolate and 6 of the soeisal males
received 100 /dg/lm gm body wt/daily, These particular quantities were

selecied because the lower quantily is just above the level necessary



to restore the precagtrational performance of adult males of the
heterogeneous stock (10, 12), The larger amount was given because it
was thought desirabile to determine the effect of a quantity further
above the threshold, known to be between 12.5 4g and 25  42/100 gn body
wt/daily, During the period of hormonal therapy the animals were given
10 vieckly tests., After the third week of this testing period the iso-
late and social intact controls were given 7 weekly tests. These served
a9 a basis for evaluating the effect of androgen on the castrates,

Results. The main results are summarized graphically (Figure 1).
The large differences in sexual behavior scores which existed between
the social and isolate males prior to castration are clearly apparent.
These are the differences reported in tatular form (Table 1) in experi-
ment II. One can see from figure 1, however, that bty the eighth to tenth
week after castration the behavior of the males in the isolate and social
groups hod descended to the same base line. By this time none of the
males was having either intromissions or ejaculations, ut a few of the
social animals occasionally mounted a female. In general, however, as
the sexual behavior scores indicate, males of both groups exhibited
relatively little interest in the female,

With replacement therapy the two groups again separated and reached
the level of their respective intact controls. To be sure, the sexunal
behavior score of the isolate as well as the social groups increased,
but only the soeial animals exhibited intromissions and ejaculations.
This qualitative difference in the bshavior of the two groups accounts

for the separation in semsl behavior scores during the period of replacement



Figure 1. Sexual behavior scores of isolate and social males
prior to castration, in the post-castration period
and during the period of testosberone propionate

therapy.
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therapy. A breakdown analysis of the percent of males exhibiting the
higher measures of sexual behavior is summarized in Table IIT. A
relatively large percent of the socially raised animals exhibited the
higher measures of behavior prior to castration, With replacement
therapy after castration, the behavior was restored to approximately
the same level, On the other hand, only 1 of the 10 isolated males
intromitted or ejaculated during the precastrational testing period and
on the retests during replacement therapy this same male was the only
animal. of the group to achieve intromission. The 5 animals serving as
intach isolated econtrols had no intromissions or ejaculations in the
preliminary tests or on the retests begun 13 weeks later, This latter
eircumstance further supports the conclusion drawn from experiments II
and IIA that, in the absence of contact with other animals, physical
maturity alone is not sufficient to organigze the sexuel behavior pattern.
I% will be seen too, that the intact controls for the socially ieared
animals tested after 13 to 20 weeks of isolation performed at a rela-
tively high level., This demonstrates that the inability of the isolate
animals to display the higher measures of behavior is not due to any
emotional factor assoeiasted with prolonged isolation. Rather it appears
to be accounted for by the fact thab their sexual behavior had not been
organized into an effective pattern.

It will be recalled that some animals received 25 /g testosterone
propionzte/ 100 gm body weight/ daily and others 1004g. The results
of the social and isolate castrates have been analyzed separately. The
social castrates receiving 100.#g of testosterone propionate did slightly



TABLE III. Comparison of Percentages of Isolate and Social Males
Exhibiting Higher measures of Sexual Behavior Prior to Castration

and 10-20 Weeks after Castration when Replacement Therapy was given.,

Percent Percent Percent
Mounting |Intromitting | Ejaculating
Preliminary Tests
(Precastrational) 30 10 10
Castrates
(N=10) With Replacement Therapy 30 10 0]
Isolates
Preliminary tests 60 o] 0
Intact Controls
(N=5)
Retests L0 0 0
—— —_—— - —————— —__ 4
Preliminary tests
(Precastrational) 100 85 85
Castrates
(N=13) With Replacement Therapy® 92 83 A 75
Soclal
Preliminary tests 100 100 83
Intact Controls
(N=6)
Retests 100 83 67

3+ During the perlod with replacement therapy one male suffered from an
infection in the genital region which made i1t impossible for him to
have intromissions. Thils animal was not included in calculating the
percentages in this row,
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botter than those receiving 25 /Ig, but the difference is not statistieally
significant., However, the isolate castrates receiving 1004/g did signifi-
cantly betber than the isolate males receiving 254g. The fact that
there was a signifieant, difference in the isolate group and mot in the
soclal group is not surprising in light of the greater variability in the
scores of animale that have intromissions znd ejaculations. The differ-
ence in the scores of the males given 25 48 end 100 48 was tested

stabistically by the method of paired replicates suggested by ¥/ileexen (33).

On the surface the results sppear to entradict those obbtained by
Grunt and Young (10, 12). These investigators reported that differences
in seomel performance were not related to smount of androgen, provided
a threshold quantity was surpassed., In selecting the quantities of
hormone uged in this study the figures reported by Grunt and Young were
used as a guide., In the earlier studies it was found that 254
testosterone propionate/ 100 gm body weight/ daily was above the threshold
and quantities greater than this amount were not correlated with improved
gsexial behzvior scores, However, these figures were obtaired from work
with the geneticelly heterogeneous stock. It is possible that the
threshold for Strain 2 males is above 25yg. If 2o, the differcnce be-
tween the 25 and 100 4 g groups would be understandable and consistent
with the interpretation given previously. There are other possibilities,
however, and at present data are being collected to reevaluate the results
in the light of such wvariables ast age at which castration takes place,
lengbh of time animals are left without replacement therapy, ete. The
solution of this problem falls beyond the scope of the present investigs-

tion and will not be discussed further at this time.
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Discussion. The results show elearly that the effectiveness of
testosterone propionate as a stimilant of sexual behavior depends to
a significant extent on the experiential baokground of the male. After
castration both the isolate and social animals dropped to the same base
line, but with replacement therapy only the animals that had previously
given evidence of possessing organiszed patterns of sexmal behavior were
capable of achieving intromissions and ejaculations. We would note, how-
ever, that with replacement therapy, all animals were activated or made
more excitable.

The demonstration of this effect of experience raises an important
theoretical problem with respect to the physiologieal action of testosterone
propionate. Androgen apparently plays several roles in elicibing sexnal
behavior and some of its effects may be direct while others may be indirect.
Obviously, in the guinea pig, and this is undoubtedly true in other lower
manmals as well, there is some effect on the genitalia because in the
absence of androgen the genitalia are either underdeveloped or become
atrophic. But there is more to the story than this. Male guinea pigs
castrated at birth and raised with other animals will exhibit sexuzl
behavior including mounting with pelvic thrusts even in the absence of
replacement therapy (24). Later, provided they have had suffieient
conbact with other animals and have received androgenic stimulation,
intromission and ejaculation are displayed (24). But in the absence of
contact with other animals, intromission and ejaculation do not occur,
although the level of excitement 1s raised and genital development has

been attained. To state the findings in another way, androgenic substance
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is; on tha one hand, exoitatory and, on the other, necessary for the
development. of the equipment required for intromission and ejaculation,
b it has no direch organizing action which enahles the exeibted animal.
to use this equipment, It would appear then that with respect to sexnal
behavior androgen acts as an energiger rather than as an organizer,

There is a long history of speeulation bearing on the point, In
1937, Lashley (16, p, 10) without referring specifically to sexusl be-
havior motes

"There are indications that many isolated masses of cells in the
central nervous system are concerned with regulation of the general
level of excitation and that they contritute little, if anything, to
the specific patterning or reaction."

Kinsey, Pomeroy, Martin and Gebhard (15, p 76L) in their discussion

of the physiological action of hormones writet

tijhile hormonal levels may affect the levels of sexual response—-
the intensity of response, the frejuency of response, the frequency of
overt sexuzl activity-——there is no demonstrated relationship between
any of the hormones and the individual's response to particular sorts
of psychologic stirmli, an individual's interest in partners of a par-
ticular sex, or an individualta utilization of particular techniques in
his or her sexual activity, Within limits, the levels of sexual response
may be modified by reducing or increasing the amount of avajilable hormone,
but there seems to be no reason for believing that the patterns of sexmal
behavior may be modified by hormonal therapy.#

Yourg (35), in a review, has writtem

MNata bearing on the subject are scattered, tut when they are
brought together the case seems clearest for the econclusion that at
all ages, the action of gonadal hormones is in the nature of an
activation rather than an organization of patterns of behavior.t

There appear to be at least three general ways that testosterone
propionate eould influence the excitatory level of an animal, However

the present research ean not be said to support one more than another.
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Parther, it should be pointed out in advsnce that these theories are
not mitnally exclusive, hub they are offered for whatever value thay may
have in suiding fubure researoh,

One of tha waye the androgen may influence the excibtation-level of
2 male is through a direct effect on nervous tissuey this may cccur with-
out influencing the patiern of behavior expressed. The suggestion is
consistent with the hypothesis advanced by Lashley whiech has already been
cited,

A gecond way that testosterons propionate may activate a male sexunally
has been suggested by Kinsey, Pomercy, Martin and Gebhard (15). These
aunthors have suggested that androgens increase the ganeral level of
metabolic activity in the body including nervous activity., These metabolie
changes account for the increased sexnsal responsiveness following injec-
tions of the hormmons., It should be pointed out, however, that the experi-
mental evidence in this area is deficient and that nmeh more than these
writers envisaged is jnvolved. (21)

S5t111 another type of relationship of hormonal action to level of
excitation may occur as a resuld of the anatomical changes induced by
androgen action. It is well lkmown that hormonal substances are respons-
ible for the growth and maintensnce of the reproductive traet and its
appendages. It is possible that the activity level of an animsl may be
raised by the stimlation of afferent nerve endings smbedded in these
structures as they respond to hormonal influence. In this case there
would be an effect on nervous tissue as a result of hormonal action, but

the effect would be indirect. The target organ of the hormone would not
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be nerveus tissue, but rether the reproductive tract and its acaessory
structures,

The statement will be recalled that androgenic substanees have no
direct organizing action which enables the animal to achieve commlete
copulation if it has not learned how (p, 34). We suggest, however thab
the hormone may act indireetly to affect the organization of the sensory-
motor patterns invelved in sexual behavior., The execitation-level of a
male, for example, may have an indirect effect on the time necessary for
organization of the motor patierns involved in sexual. behavior. Perhaps
the more active and vigorously a male approaches a female the greatoer
will be his persistence in attemmting to mount her and the more likely
it is that his behavior would be organized relatively quiekly, It will
be recalled from experiments II and ITA that the heterogeneous animals,
which are the most vigorous, algo organized their sexual behavior at the
earliest age.

There is a further possibility of indirect sction on the sensory-
motor patterns, If the hormone stimilotes ecertain peripheral organs
in such a way that areas of tension or erogeneous zones are created,
this may exert a directing influence on the developing behavior patterns.
Hypothetically, one may consider the cubaneocus area around the genitalia
as an erogenous zone that is under hormonal influence, This sensitive
zone may act as a drive stimmlus which 1) raises the excitatory level
of the animal and, 2) tends to direct behavior into avermes that result
in tension reduetion, The latter factor may involve the repetition of

behavior such as mounting, that would bring the erogenous gzone into cone

tact with another animal.
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Lehrman (17) working on the relationship between prolactin and the
parental feeding behavior of ring doves has come to conclusions similar
to those suggested above. The ring dove feeds the squab by regurgitat—
ing a type of tmilk" formed in the crop., He has shown that the ring
doves "feed young for the first time, when they are breeding initially,
in response to tactual stimlation of the engorged crop and of the throat."
Through a learning process which takes place while feeding saquabs, the
ring dove will feed the young in response to non~-tactual stimili, e.g.,
sight and sound. Prolactin injections will engorge the erop, tut will
elicit feeding behavior to the sight and sound of the squab only in
doves which have fed young before., If the crop is anaesthesized, prolactin
will not elicit the feeding response even in experienced doves. The

author concludest

"Prolactin acts to elicit regurgitation-feeding because it causes
engorgenent of the crop and supression of sexual behavior, rather than
through any effect on central nervous mechanisms speeific for parental
behavior, The engorgement of the crop acts as a drive stimulus through
which the dove learns to respond to the sight and/or sound of the squab.
The effect of this drive stimlus can be reinstated in doves with breed-

ing experience hy prolactin injections.”

The theoretical discussion presented above should not be interpreted
to apply to all hormonal action to all kinds of behavior or to all species.
What has been suggested, in a speculative vein, is that the action of
testosterone propionate in stimlating sexual behavior of male guinea
pigs appears to modify activity level rather than having any direct effect
on the pattern of behavior, The activity level may be modified by andro-

genic influence on accessory sexual structures, by a direct effect on

nervous tissue or by contributing to general metabolic changes. It has
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2lso been suggested that the effect of testosterone propionate on the
reproductive tract and accessory structures might indirectly influence
the developing behavior patterns.



IV. OSUMMARY AND CONCLUSICRS

A series of experiments were undertaken to investigate the role of
experientiasl, hormonal and hereditary factors involved in the sexmal
behavior of the male guinea pig.

X, At birth 17 pairs of guinea pigs were interchanged in an attempt
to detemine the extent maternal influence between birth and weaning was
responsible for differences in sexual bsehavior known to exist betwean
two genetic stocks (a heterogeneous stock and an inbred strain) of animals
(experiment I). The animals were interchanged in such a way that one
male remained with its own mother while the other member of the pair was
placed with a foster mother from the other genetic stock. At maturity,
the males were tested with females in order to determine their level of
sexual performance,

The results reflected no influence by the sow on later sexual
performance. Apparently, therefore, strain differences in level of
sexnal behavior are not attributable to maternal influence between birth
and weaning.

A maternal influence on rate of body growth was discovered. Vhen
placed with the heterogeneous sows both the inbred and heterogensous
animals grew faster than with the inbred sows, Yet the heterogeneous
males gained weight significantly faster than the inbred males rogard-
less of the placement. It would appear then that the genetic¢ endowment
pleys the major role in determining growth rate and that this can be
modified only within limits by maternal influence,
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2. An attempt was made to determine whether semmal. behavior was
innately organized in the male guinea pig or whether contact with other
animals played an important role in the organization of sexmal behavior
into an effective pattern (experiments II and IIA).

Fourteen genetically heterogeneous, 14 inbred Strain 13 and 36
inbred Strain 2 males were raised in soclal or isolated conditions,
Significant differences were found between the sexual behavior of social
and isolate Strain 2 animals, Only 1 of 17 isolate males intromitted
and ejaculated, whereas 16 of 19 of the socially raised males did so
consistently. Less marked but still significant differences were obtained
with Strain 13 males. There were no significant differences between the
social and isolate heterogeneous animals weaned at 25 days. However, when
20 additional social and isolate heterogeneous males were weaned at 10
days highly significant differences were obtainsd,

It is concluded for the male guinea pigy 1) Contact with other

animals plays an important role in the organization of sexial behavior.
2) The influence of conbtaet may be exerted very early. 3) Genetie dif=-
feorences between strains of guinea pigs are responsible for differences
in the age at which organization of sexual behavior is possible and for
the quantity of sexual behavior exhibited during tests,

3. An experiment was undertaken to determine the importance of
the experiential background to influence the effectiveness of testosterone

propionate to elicit sexmal behavior. (experiment ITI)
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Twenty=three social and isolate males of the inbred Strain 2
were castrated after thelir level of gexnal performance had been ascope
tained by standard tests wibth femsles., After 10 weeks, when the animals
had reached a base line of sexnal activity, testosterone propionate was
administered, Although large quantities were given only the soeial
animals, who had previously given evidence of possessing an organized
pattern of sexual behavior exhibited intromissions and ejaculations in
subsequent tests, It is concluded that the experdential background of
an animal can markedly influence the effectiveness of testosterone
propionate to elicit semal behavior. Implications for a theory of the

relabtionship of androgen to sexmal behavior were discussed.
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