
adults (perhaps related) may aggregate to 
cooperatively care for brood. In showing 
some inbred cousins (r = .74) with ac- 
ceptance rates as high as those for out- 
bred sisters (r = .75), my results suggest 
such aggregate units could arise in the 
context of locally inbreeding colonies of 
solitary bees. 

Finally, field observations suggest that 
there may be significant inbreeding in lo- 
cal populations of L. zephyrum (17). One 
large and isolated population of L. zeph- 
yrum discovered by Batra almost 20 
years ago is still prospering in the same 
general vicinity (13). Such populations 
would have enlarged family units, per- 
haps of benefit to such a system. For ex- 
ample, homogeneity of odors in a popu- 
lation could increase the net productivity 
because of reduced worker agonism. But 
the odors of parasites should be more 
easily detected as being foreign. Other 
explanations of the significance of the 
odors are possible and may be discov- 
ered by field studies. 
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Prenatal Stress Reduces Fertility and Fecundity in 
Female Offspring 

Abstract. Female rats subjected to prenatal stress later experienced fewer concep- 
tions, more spontaneous abortions and vaginal hemorrhaging, longer pregnancies, 
and fewer viable young than nonstressed rats. The offspring of the prenatally 
stressed rats were lighter in weight and less likely to survive the neonatal period. 
Prenatal stress may influence the balance of adrenal and gonadal hormones during a 
critical stage of fetal hypothalamic differentiation, thereby producing a variety of 
reproductive dysfunctions in adulthood. 
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Severe behavioral and physiological 
stress during gestation, such as condi- 
tioned anxiety, crowding, immobiliza- 
tion, and temperature extremes, per- 
manently modify structural or functional 
development of offspring in rats. Under 
certain conditions these stresses produce 
such physical abnormalities as cleft pal- 
ate and harelip in mice or aberrant sexual 
behavior in male rats (1, 2). Prenatal in- 
fluences on the offspring are believed to 
be mediated by a maternal response in- 
volving stress hormones such as epi- 
nephrine and corticosteroids from the 
adrenal glands and adrenocorticotropic 
hormone (ACTH) from the anterior pitu- 
itary gland (1). Thus, little doubt remains 
that the form and structure of the body 
as well as later behavior can be modified, 
sometimes adversely, by disadvan- 
tageous environmental conditions before 
birth. 

Interest in prenatal stress influences 
on reproduction has been stimulated by 
Ward's discovery that stress during 

Table 1. Fertility of prenatally stressed and 
nonstressed female offspring. Data given in 
percentages. 

Not Inter- 

Females N preg- rupted Births 
nant preg- 

nancy 

Prenatally 93 34* 31t 35t 
stressed 

Nonstressed 72 16 10 74 

*P < .05. tP < .001. 
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pregnancy feminizes and demasculinizes 
the sexual behavior of male offspring (2). 
Evidence suggests that prenatal stress 
may modify the neuroanatomical and 
biochemical organization of the brains of 
both males and females and turn the di- 
rection of male fetal brain development 
toward that of the female sex (3, 4). In 
female offspring prenatal stress in- 
creased concentrations of the neuro- 
transmitter dopamine in the hypothalam- 
ic arcuate nucleus of adults (4). Because 
marked alterations in arcuate dopamine 
have been associated with abnormalities 
in the release of gonadotropic hormone 
from the anterior pituitary gland, we pre- 
dicted that prenatal stress would disrupt 
estrous cycling in female offspring (5). I 
now report that prenatal stress affects 
other reproductive capabilities of female 
offspring. 

In one experiment, 36 primiparous, 
pregnant Sprague-Dawley rats weighing 
about 250 g were obtained from Zivic- 
Miller (Allison Park, Pennsylvania) 1 
week before they were subjected to 
stress. They were housed individually in 
24 by 32 by 16 cm Fiberglas observation 
cages with San-i-cel bedding under a 
standard 12-hour light-dark cycle with 
lights on at 8:00 a.m., and they were 
maintained on a freely accessible diet of 
Purina chow and water. On days 14 
through 22 of gestation (day 1 being the 
day of mating), 18 randomly selected fe- 
males were subjected to the stress of 
heat, restraint, and bright light. Stress 
was applied by placing each animal in 
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Table 2. Gestation length (median days ? range) and fecundity in prenatally stressed and non- 
stressed female offspring. Data are expressed in means ? standard error. 

Length of Litter Dead pups (N) 
Females N gestation 

(days) N Weight (g) Term Day 10 

Prenatally 33 24 ? 3* 9.7 ? 0.lt 6.6 + 0.2t 1.0 ? 0.1* 2.8 + 0.1t 
stressed 

Nonstressed 22 22 ? 1 11.7 + 0.8 7.4 ? 0.1 0.6 ? 0.1 1.2 + 0.1 

*P < .01. tP < .05. t P < .001. 

an 18 by 8 cm semicircular Plexiglas cage 
under four incandescent lights which 
produced a surface illumination of 4280 
lm/m2 and a surface temperature of 34?C. 
Three 45-minute stress periods beginning 
at 10:00 a.m. daily were alternated with 
45-minute rest periods in the home cage. 
Eighteen control females remained un- 
handled in the home cage. 

The pregnant females were observed 
daily to determine the day of birth of 
their offspring. On day 21 after birth, 
prenatally stressed and nonstressed 
offspring were weaned, segregated by 
sex, and housed two per cage. At 60 days 
of age, the animals were housed individ- 
ually. Starting at 90 days of age, 93 pre- 
natally stressed and 72 nonstressed ran- 
domly selected females weighing ap- 
proximately 250 g were examined by 
vaginal smear daily for stages of the es- 
trous cycle. About 2 weeks later, after 
confirmation of cyclic regularity, females 
in proestrus were placed in the home 
cages of stud males for mating and were 
removed 2 hours later. They were exam- 
ined immediately by vaginal smear for 
the presence of sperm. For the following 
15 days they were examined for con- 
firmation of pregnancy, as evidenced by 
persistent vaginal diestrus and abdomi- 
nal palpation, or for premature termi- 
nation of pregnancy, as indicated by vag- 
inal hemorrhage or spontaneous abor- 
tions. The uteri of females with in- 
terrupted pregnancies were examined 
on day 22 of pregnancy, the expected 
day of birth. For 33 prenatally stressed 
and 22 nonstressed females selected at 
random, the numbers of viable and of 
dead offspring and the weight of living 
pups were recorded on the day of birth. 
For the first 20 days postpartum, obser- 
vations were made daily at 10:00 a.m. 
and 2:00 p.m. for the incidence of lacta- 
tion (the percentage of pups with abdo- 
mens distended by milk) and for the fre- 
quency of nursing behavior (female 
crouching over young). 

More than twice the percentage of pre- 
natally stressed females failed to become 
pregnant compared with the nonstressed 
control group (x2 = 5.65, P < .05) 
(Table 1). In at least 19 of the 32 pre- 
natally stressed rats that did not become 
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pregnant, irregularities in estrous cycling 
were noted, including prolongation of 
the estrous-metestrous phase and pos- 
sible pseudopregnancy, as suggested by 
persistent vaginal diestrus. Approxi- 
mately three times the percentage of pre- 
natally stressed females failed to main- 
tain pregnancy compared with the non- 
stressed group (x2 = 16.42, P < .001). 
Eleven prenatally stressed females with 
interrupted pregnancies showed vaginal 
hemorrhaging during the first trimester, 
and seven spontaneously aborted in the 
last trimester. Upon autopsy, three pre- 
natally stressed females showed decay- 
ing fetal matter in the uterine horns; 
eight others had uterine implantation 
sites but no fetuses. By contrast, only 
one prenatally nonstressed female spon- 
taneously aborted on or about day 11; 
the few nonstressed animals that had 
interrupted pregnancies showed indica- 
tions of vaginal hemorrhage during the 
first trimester. Thus, more than twice 
as many nonstressed females gave birth 
to offspring compared to the prenatally 
stressed group (P < .001). 

Table 2 shows that gestation was sig- 
nificantly prolonged in the prenatally 
stressed group that maintained preg- 
nancy compared with the controls (medi- 
an test, x2 = 8.86, P < .01). The mean 
number of live offspring born to pre- 
natally stressed females was lower than 
that in the nonstressed group (t = 2.31, 
P < .05), as was the mean body weight 
per litter (t = 3.08, P < .05). In addi- 
tion, the mean number of dead offspring 
was significantly greater in the prenatally 
stressed group not only at term 
(t = 2.87, P < .01) but also at day 10 
postpartum (t = 11.5, P < .001). 

The prenatally stressed females lost a 

Table 3. Percentage of litters with stillbirths, 
neonatal deaths, and survivors of prenatally 
stressed and nonstressed female offspring. 
P < .001, all groups. 

Females N Still- Neonatal Sur- 
births deaths vivors 

Prenatally 33 15 36* 49* 
stressed 

Nonstressed 22 0 0 100 

*By day 10 postpartum. 

significantly greater percentage of litters 
by stillbirths or neonatal mortalities than 
did nonstressed females (x2 = 16.39, 
P < .001) (Table 3). Only 49 percent of 
the litters born to prenatally stressed fe- 
males survived by day 10 postpartum in 
contrast to a 100 percent survival rate of 
litters born to nonstressed animals 

(X2 = 14.07, P < .001). The incidence of 
lactation among prenatally stressed fe- 
males was low during the first few days 
postpartum: only 26 to 40 percent of 
their offspring received milk compared 
with almost 100 percent of the offspring 
in the nonstressed condition. Never- 
theless, almost all of the mothers, re- 
gardless of prenatal treatment, engaged 
in nursing behavior. As expected, with 
the increase in neonatal mortality, the 
percentage of prenatally stressed fe- 
males exhibiting nursing behavior de- 
clined considerably by day 10 post- 
partum. Therefore lactational dysfunc- 
tion rather than a decrease in maternal 
attention appeared to be the primary 
cause of neonatal mortality. 

The mechanism whereby prenatal 
stress disrupts reproductive activities in 
female offspring is not known. Cross-fos- 
tering was not used in the present experi- 
ment, and it is possible that the prepartal 
stress-induced disturbances in the be- 
havior or lactational performance of the 
mother during the postnatal period were 
the primary causes of the reproductive 
deficits in the offspring. This possibility 
appears unlikely, however, because in 
previous studies, prepartally stressed 
mothers did not differ significantly from 
nonstressed mothers in latency of litter 
retrievals or the duration of nursing be- 
havior regardless of whether they were 
rearing prenatally stressed or non- 
stressed offspring (5, 6). 

Nevertheless, a second experiment 
was conducted in which all procedures 
were similar to those in the first experi- 
ment with the exception that cross-fos- 
tering was used between and within 
treatment groups. The 2 by 2 experimen- 
tal design yielded the following treat- 
ment groups with their respective sample 
size: (i and ii) prenatally stressed females 
reared by prepartally stressed (SS) or 
nonstressed mothers (SN) (N = 23 and 
16), and (iii and iv) nonstressed females 
reared by prepartally stressed (NS) or 
nonstressed mothers (NN) (N = 11 and 
18). Within these four groups, the num- 
ber of females not becoming pregnant af- 
ter exposure to stud males was 9, 7, 3, 
and 4, respectively. The number of fe- 
males with interrupted pregnancies was 
8, 5, 1, and 0, whereas the number giving 
birth was 6, 4, 7, and 14. These dif- 
ferences were significant (x2 = 14.54, 
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P < .01), as were the following com- 
parisons: SS versus NS, SS versus NN, 
SN versus NS, and SN versus NN 
(X2 = 4.21, 11.2, 4.49, and 17.67, respec- 
tively; P < .05). Median gestation length 
in days (+ range) was 24 + 3, 23 + 2, 
22 ? 0, and 22 + 0, respectively. The 
mean number of offspring per treatment 
(?+ standard error) was 8.2 + 0.8, 
8.0 ? 1.1, 11.7 ? 0.7, and 11.4 ? 0.4, 
respectively. The mean weight per pup 
in grams (? S.E.) was 5.8 ? 0.3, 
5.5 ? 0.6, 7.6 ? 0.3, and 7.8 _ 0.2. The 
latter differences were significant 
(F = 8.83 and 11.40; P < .01), as were 
the following paired treatment means ac- 
cording to the Scheffe test: SS versus 
NS, SS versus NN, SN versus NS, and 
SN versus NN (P < .05). 

Of the total number of litters born (6, 
4, 7, and 14), the number of litters with 
neonatal deaths by day 10 postpartum 
was 4, 3, 0, and 0, respectively; the num- 
ber that survived virtually intact was 1, 
0, 7, and 14, respectively. Overall dif- 
ferences between the number of litters 
with neonatal deaths and the number 
surviving by postpartum day 10 were sig- 
nificant (x2= 19.15 and 26.94, respec- 
tively; P < .001), as were the following 
comparisons: SS versus NS, SS versus 
NN, SN versus NS, and SN versus NN 
(x2= 6.74, 11.67, 7.22, and 12.60, re- 
spectively, and 9.48, 15.56, 11.0, and 
18.0; P < .01). Thus, in the cross-foster- 
ing experiment, the prenatally stressed 
groups differed from the nonstressed 
groups independent of rearing condition. 
Prenatal stress therefore seems to affect 
later reproduction not by disrupting 
postnatal rearing conditions but by alter- 
ing the fetus, possibly by changing the 
hormonal milieu. 

Under severe environmental stress, 
sexual differentiation in some mamma- 
lian species is believed to take place in 
the presence of large amounts of ste- 
roids, some of which are secreted by the 
adrenal glands (7). Disturbances in go- 
nadal and adrenal hormones during peri- 
natal sexual differentiation can disrupt 
reproduction in female offspring by de- 
creasing sexual receptivity or by induc- 
ing gonadotropic or ovarian irregularities 
or by both means (8). Prenatal stress 
therefore may influence the exchange of 
gonadal and adrenal hormones between 
the mother and fetus or the balance of 
these hormones in the fetus alone during 
a critical stage of hypothalamic dif- 
ferentiation, thereby producing repro- 

P < .01), as were the following com- 
parisons: SS versus NS, SS versus NN, 
SN versus NS, and SN versus NN 
(X2 = 4.21, 11.2, 4.49, and 17.67, respec- 
tively; P < .05). Median gestation length 
in days (+ range) was 24 + 3, 23 + 2, 
22 ? 0, and 22 + 0, respectively. The 
mean number of offspring per treatment 
(?+ standard error) was 8.2 + 0.8, 
8.0 ? 1.1, 11.7 ? 0.7, and 11.4 ? 0.4, 
respectively. The mean weight per pup 
in grams (? S.E.) was 5.8 ? 0.3, 
5.5 ? 0.6, 7.6 ? 0.3, and 7.8 _ 0.2. The 
latter differences were significant 
(F = 8.83 and 11.40; P < .01), as were 
the following paired treatment means ac- 
cording to the Scheffe test: SS versus 
NS, SS versus NN, SN versus NS, and 
SN versus NN (P < .05). 

Of the total number of litters born (6, 
4, 7, and 14), the number of litters with 
neonatal deaths by day 10 postpartum 
was 4, 3, 0, and 0, respectively; the num- 
ber that survived virtually intact was 1, 
0, 7, and 14, respectively. Overall dif- 
ferences between the number of litters 
with neonatal deaths and the number 
surviving by postpartum day 10 were sig- 
nificant (x2= 19.15 and 26.94, respec- 
tively; P < .001), as were the following 
comparisons: SS versus NS, SS versus 
NN, SN versus NS, and SN versus NN 
(x2= 6.74, 11.67, 7.22, and 12.60, re- 
spectively, and 9.48, 15.56, 11.0, and 
18.0; P < .01). Thus, in the cross-foster- 
ing experiment, the prenatally stressed 
groups differed from the nonstressed 
groups independent of rearing condition. 
Prenatal stress therefore seems to affect 
later reproduction not by disrupting 
postnatal rearing conditions but by alter- 
ing the fetus, possibly by changing the 
hormonal milieu. 
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Release of Luteinizing Hormone in Male Mice 

During Exposure to Females: Habituation of the Response 

Abstract. Male mice release luteinizing hormone when exposed for a short time to 
a female. In this experiment, multiple blood samples were withdrawn by atrial can- 
nulas from tethered males during either continuous or intermittent exposure to non- 
receptive females. After an immediate, transient release of luteinizing hormone, con- 
tinuous exposure to the same female was accompanied by only random, spontaneous 
elevations in plasma levels of this hormone. Successive presentations of the same 
female at 2-hour intervals elicited gradually diminishing luteinizing hormone re- 
sponses. Exposing such unresponsive males to novel, diestrous females, however, 
dramatically stimulated their release of the hormone. These results demonstrate 
habituation of a socially induced, neuroendocrine response involving reproductive 
hormones. 
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Males of many mammalian species se- 
crete increased amounts of reproductive 
hormones when exposed to females of 
the same species (1, 2). The precise na- 
ture of the relevant cues from the fe- 
males is unknown in most cases, and the 
reproductive function served by the 
males' responses is not understood in 
any. Although short-term exposure of 
male house mice to either females or fe- 
male urinary odor provokes immediate 
release of luteinizing hormone (LH) and 
then secretion of testosterone, male mice 
do not show elevated titers of these hor- 
mones during sustained cohabitation 
with females (3, 4). Thus, this particular 
neuroendocrine response must be sub- 
ject to either sensory adaptation, hy- 
pothalamo-hypophyseal depletion, or 
habituation. By analogy with neuro- 
muscular terminology, habituation is de- 
fined here as the absence of the other 
two phenomena (5). In the experiment 
reported here, we observed that progres- 
sively fewer male mice release LH in re- 
sponse to repeated exposure to the same 
female. The males' LH responses re- 
sumed, however, upon the introduction 
of a novel female. Therefore, our data 
establish that habituation can occur in a 
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socially induced, neuroendocrine re- 
sponse involving reproductive hor- 
mones. 

The design of the study involved se- 
quentially sampling blood from can- 
nulated but freely moving male mice (6) 
during continuous or intermittent expo- 
sure to individual females. In more de- 
tail, 45 cannulated CF-1 males (7) were 
allowed to interact with nonreceptive fe- 
males in the males' home cages; 15 males 
were used for each of three patterns of 
female exposure. During the pattern of 
continuous exposure, a female remained 
with each male throughout the test peri- 
od without being disturbed. During the 
two patterns of repetitive exposure, the 
same female was placed in each male's 
cage three times, and then either that in- 
dividual or an unfamiliar female was pre- 
sented during the fourth sequence. In the 
latter two experimental conditions, fe- 
males were placed in the cages every 2 
hours for 90 minutes and then removed 
for 30 minutes. Five blood samples were 
withdrawn from the males at 5-minute in- 
tervals every 2 hours, always beginning 
before females were placed in the cages. 
The first two samples established the in- 
dividuals' baseline levels of LH and the 
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