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Pheromonally Induced Sexual Maturation in Females:

Regulation by the Social Environment of the Male

Abstract. Social subordination, which suppresses gonadal function in juvenile and
adult male house mice, also suppresses the activity of an androgen-dependent urinary
pheromone that accelerates the rate of sexual maturation in juvenile females. Phero-
mone production may also be suppressed by the presence of pregnant or lactating
females. This suggests that the social environment may influence the fertility of popu-
lation females by altering urinary pheromone activity in the male.

Social stresses resulting from high pop-
ulation densities may be important fac-
tors regulating mammalian populations
under natural conditions. Christian (/)
proposed that ecological and social
stresses associated with high or increas-
ing populations would, by increasing ad-
renal function and reducing gonadal func-
tion, interfere with an organism’s growth,
reproduction, and general physiological
homeostasis. Although the initial empha-
sis in this regulatory system was on the
role of intensified male-male social inter-
actions and the associated pathologies re-
sulting from such stress (2), recent stud-
ies have emphasized the inhibition of re-
productive function in both juvenile and
adult females as primary correlates of in-
creasing density in a population (3). The
social environment of the female, how-
ever, may consist of two antagonistic in-
fluences affecting fertility. On the one
hand, stimuli from other females act to
reduce reproductive potential by inhib-
iting sexual maturation in juvenile fe-
males (4) or by inhibiting estrus in
grouped adults (5). In contrast, adult
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males produce androgen-dependent uri-
nary priming pheromones that accelerate
sexual development in juvenile females
and induce estrus in grouped, anestrous
adults (6). From a theoretical perspective
the interactions between male stimula-
tion and female inhibition of reproductive

Table 1. Mean body weight and uterine weight
(+ standard error) of juvenile female mice
(N = 15 per treatment) exposed for 8 days to
urine from dominant or subordinate males that
had been paired for 1 week; N.S., not signifi-
cant.

Body Uterine
Treatment weight weight
(8 (mg)
Water control 17.5 £ 0.3 45.8 = 6.8
Urine, subor- 18.0 0.4 47.6 £ 6.7
dinate male
Urine, domi- 179 = 0.3 73.4 = 7.8%
nant male
Analysis of variance (d.f. = 2,42)
F =0.79 F =472
N.S. P < .025

*Mean significantly different from those for controls
and urine-subordinate males [P < .05, least signifi-
cant difference method (17)]

function could be important determinants
of female fertility in a population.

The capacity of the urine from male
mice to stimulate puberty in females is
quantitatively regulated by the androgen
state of the male (7). The chemical stimu-
lus (pheromone) responsible for this ef-
fectis associated with the protein fraction
of urine and has a molecular weight of
approximately 860 (8). We demonstrate
here how social factors that alter gonadal
function in the male also alter the activity
of the male’s urinary pheromone and
thereby may supply a mechanism for the
density-dependent regulation of female
fertility by the males of a population. To
do this we used two experimental condi-
tions known to cause changes in testicu-
lar function: cohabitation of dominant
and subordinate males (9) and cohabita-
tion of juvenile with adult males (10). We
hypothesized that urine from adult males
subordinate to their cagemates or from
juvenile males exposed to adult males
would be less effective in stimulating fe-
male maturation than urine from either
dominant males or urine from juvenile
males housed with females of the same
age.

The ability of urine from male mice to
accelerate the onset of puberty in females
was assayed by measuring the uterine
weight of prepubertal females after appli-
cation of 0.03 to 0.05 ml of male urine to
the oronasal groove daily for 8 days.
Mean uterine weight was used as an index
of pheromonal activity (/7).

To determine if social subordination
could influence pheromone activity, 34
male mice were caged individually at 21
days of age. At 70 days, 17 of these males
were randomly chosen and trained as
fighters to create the dominant subjects
(12). The remaining 17 males were paired
continuously with one of the trained ani-
mals. Five pairs were eliminated from the
study because dominance was reversed
during the experimental period. After 1
week under these conditions, urine was
collected daily for 8 days from each male,
pooled by group, and delivered to corre-
sponding groups of females for assay. A
control group of females received water.

Urinary pheromonal activity of subor-
dinate animals was significantly less than
that of dominant animals (Table 1). There
were essentially no differences in uterine
weight between those females receiving
urine from subordinate males and those
receiving water. We killed the remaining
pairs of males and weighed their adrenal
glands, testes, and seminal vesicles. Sub-
ordinate animals had significantly heavier
adrenals (5.94 = 0.46 mg compared to
4.92 + 0.29 mg; P < .01, -test) and sig-
nificantly lighter testes (211.9 = 15.5 mg
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Table 2. Mean uterine weights (+ standard error) with corresponding analysis of variance for
juvenile female mice exposed to urine from young males that were paired either with identically
aged, nonsibling females or with adult males. Uterine weights for assay controls were 21.2 * 2.7
mg for water-treated animals and 44.0 = 8.4 mg for animals receiving urine from isolated, adult

males (P < .01).

Cohabitation

condition of Age of males (days)

young males

(treatment) 30 44 58 72
Young females 32577 42.4 = 10.1 448 + 8.5 229 + 38
Adult males 18.3 3.2 26.1 = 4.7 37.2 £ 7.1 46.7 = 11.0

P < .05% P < .01* N.S.* P < .01%
Analysis of variance
Source Days30to 58 Days30to72
d.f. F d.f. F

Treatment 1 5.20t 1 0.94
Age of males 2 4.40t 3 2.77%
Treatment X age 2 0.34 3 2.73%
Error 89 119
*Least significant difference method (17). P < .02, P< .0S.

compared to 245.5 = 9.4 mg; P < .05)
than dominant males, a result consistent
with previous reports (9). There was,
however, no significant difference in
seminal vesicle weights between the two
groups. Since the production of the uri-
nary pheromone responds rapidly to
changes in androgen levels (7), the lack of
a correlative difference in seminal vesicle
weight may have resulted from a lower
sensitivity or a slower rate of response to
changes in androgen levels of seminal
vesicles than of urinary pheromone.

In the second experiment we deter-
mined if cohabitation with adult males
would alter the onset of pheromone pro-
duction in young males. Forty 21-day-old
males were divided randomly into two
equal groups. Mice from one group were
paired with adult males and the others
with identically aged, nonsibling juvenile
females. The female and adult male stim-
ulus animals were rotated every 5 days to
avoid habituation and thereby maintain
high levels of aggression by the adult
males. We collected and stored (/3) urine
from juvenile males exposed to adult
males and to juvenile females at 30, 44,
58, and 72 days of age. These eight urine
samples were assayed for pheromonal ac-
tivity in eight groups of 15 to 16 juvenile
females. As assay controls, two addition-
al groups of 16 females received either
water or urine from isolated, adult males
4).

Pheromonal activity in maturing males
increased with age under both cohabita-
tion conditions between 30 and 58 days of
age (Table 2). By 72 days, however, there
was a significant suppression of phero-
monal activity in the urine from the fe-
male-exposed animals. This resulted in a
significant treatment X age interaction in
the analysis of variance for days 30 to 72
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(Table 2). By excluding the day-72 uterine
weight data from the analysis, a signifi-
cant treatment effect was found between
days 30 and 58. This indicated a signifi-
cant delay in the appearance of phero-
monal activity in the urine of animals
housed with adult males relative to that in
males housed with comparably aged fe-
males. Coincident with this day-72 sup-
pression of pheromonal activity was the
production of litters by the stimulus fe-
males, beginning on day 58 and contin-
uing throughout the experiment. These
results suggest that male pheromone pro-
duction is depressed not only by the pres-
ence of other males but also may be sup-
pressed by pregnant or lactating females.
In total, our results show that social fac-
tors capable of suppressing gonadal func-
tion in male mice also reduce their capac-
ity to stimulate pheromonally sexual ma-
turation in females.

Clarifying the role of priming phero-
mones in rodent population dynamics has
posed an elusive problem. A purely stim-
ulatory system as suggested by Whitten
and Bronson (15) is inconsistent with lab-
oratory and field data indicating that fer-
tility is suppressed in spite of abundant
male stimuli (2; 3). Our data suggest that
intense male-male social interactions oc-
curring under high density populations,
social subordination, and possibly the
presence of strange, pregnant, or lactat-
ing females (16) may suppress pheromon-
al activity in the male by suppressing go-
nadal function. The suppression of fe-
male maturation by other adult or
juvenile females (¢) in combination with
the reduced capacity of stressed young
and low-ranking adult males to overcome
this inhibition may be used as a model to
explain, in part, suppressed fertility in
populations where males are abundant.

Androgen-dependent priming phero-
mones of the male may play an integrative
role in controlling fertility in a population
as a function of population density.
JosePH R. LOMBARDI

Department of Zoology, North Carolina
State University, Raleigh 27607

JOHN G. VANDENBERGH
Research Division, North Carolina
Department of Mental Health,
Raleigh27611
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