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Summary. Pregnancy blockage resulting from mul- 
tiple-male copulation or exposure around the time 
of mating was studied in three experiments on deer 
mice, Perornyseus maniculatus. First, significantly 
more females were pregnant after copulating, ei- 
ther with or without disturbance and a delay, with 
one male than after receiving the same total 
number of  ejaculations from two males. Second, 
when females received three ejaculations from one 
male and then were immediately exposed to either 
a blonde male or a wild-type male for 2 h, the 
pregnancy rate was lower than when they were 
exposed to an empty cage. Third, when immediate- 
ly after mating females were placed for 2 h in the 
cage of  a strange male they were less likely to de- 
liver a litter than when placed in the familiar male's 
cage. This phenomenon bears at least a superficial 
resemblence to the Bruce effect but either com- 
munality or difference in underlying mechanism 
remains to be determined. The present multi-male 
pregnancy block may provide a means for females 
in unstable social situations to defer reproduction 
for 4 days or longer when more stable conditions 
may exist and a single male prevails. 

Introduction 

Females of many species mate with more than one 
male during a single period of  receptivity (e.g. All- 
ison 1977; Bertram 1976; Calhoun 1962; Parker 
1970; Hanken and Sherman 1981). An understand- 
ing of the dynamics and consequences of  such mul- 
tiple matings is critical to understanding the evolu- 
tion of mating strategies and mating systems. For  
example, the composition of  resulting litters is af- 
fected in different ways by the order in which the 

males mate in different species (Dewsbury and 
Baumgardner 1981). The effects of  multiple mating 
on the probability that a litter will be delivered 
and, if so, upon litter size, are also important (e.g., 
Beatty 1960; Sakaluk and Cade 1980). 

Deer mice, Peromyscus maniculatus, are an 
ideal species for the study of  the consequences of  
multiple mating because multiple paternity of lit- 
ters has been demonstrated in females inseminated 
in the field (Birdsall and Nash 1973), thus provid- 
ing ecological validity. In studies of sperm compe- 
tition in deer mice, Dewsbury and Baumgardner 
(1981) found that females mated or exposed to 
more than one male appeared less likely to deliver 
a litter than those mated with and exposed to just 
one male. Whereas the majority of  females receiv- 
ing two ejaculations from one male (and no other 
exposure or mating) became pregnant, only one 
of 31 females became pregnant after mating for 
two ejaculations with one male and subsequently 
refusing to mate with a second male in whose cage 
they were placed. Further, females mating for two 
ejaculations with each of two males had lower 
probabilities of  pregnancy than those mating for 
four ejaculations or to satiety with one male 
(Dewsbury 1979 b; Dewsbury and Baumgardner 
1981). Such data suggest the possibility of a preg- 
nancy block following multi-male exposure. Such 
a phenomenon would differ from the much studied 
Bruce effect (e.g. Bruce 1959) in that it is triggered 
by events occurring at the time of  mating rather 
than sortie days later. However, the data just dis- 
cussed were from several different experiments and 
their comparisons are complicated by a number 
of missing controls and differences among the ex- 
periments compared. The objective in the present 
research was to investigate systematically both the 
possibility and the characteristics of  multi-male 
pregnancy block. 
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Materials and Methods 

Subjects. Two genotypes of deer mice, Peromyseus maniculatus, 
were studied. Twenty-two males and 28 females were drawn 
from a colony of P.m. bairdi established with stock trapped 
near East Lansing, Michigan, in the early 1970's and into which 
wild-trapped stock has been bred on several occasions. Fifty 
males and 83 females were of a blonde mutant genotype (BL) 
that originated at Michigan State University (Robbins 1979). 
Both lines breed true, with the wild genotype dominant to the 
BL (Dewsbury and Baumgardner 1981). 

Animals were 5-14 months old at the beginning of  experi- 
mentation. Those in the first experiment had previously served 
in a study of sperm competition (Dewsbury and Baumgardner 
1981). Some of the animals in the second experiment were pre- 
tested for fertility by housing an adult male and female together 
and noting the birth of a litter; others received no pretesting. 
Animals in the third experiment had served in a previous experi- 
ment dealing with the effectiveness of males in initiating preg- 
nancy with two successive females. 

Housing and testing were in a windowless, air-conditioned 
room that was maintained on a reversed 16L:8D cycle of fluo- 
rescent light. Males were housed in clear plastic cages measuring 
48 x 27 x 13 cm, with females in cages measuring 
29 x 19 x 13 cm. Wood shavings were provided as bedding and 
water and Purina laboratory rodent chow were available at 
all times. 

Testing Procedures. Tests were conducted on the first day of 
virtual disappearance of leukocytes from the vaginal smear of 
a female (proestrus or estrus). Smears were taken each morning 
from each female throughout the period of experimentation, 
except when a female had a litter present. A thin wire loop 
and tap water were used in taking smears. 

Tests were conducted in the home cage of  the male. The 
cages were moved to a designated shelf and the food-hopper 
lid was replaced with a flat metal lid well before the beginning 
of testing in order to permit adaptation by the males. Females 
were introduced to the males' home cages and the occurrence 
of copulatory behavior was noted and recorded with an Ester- 
line Angus operations recorder. The males were permitted to 
obtain a predetermined number of ejaculations before begin- 
ning the experimental manipulations described below. Where 
a female was to be placed across from a strange male, the 
target male was housed in a cage that permitted the insertion 
of a wire-mesh barrier that would divide the cage in half during 
the period that the female was present. If  a female was to mate 
with two successive males, she was introduced into the home 
cage of the second male approximately 3 rain after the desig- 
nated ejaculation by the first male. 

If  a female delivered a litter conceived during a test the 
gestation period, litter size, and paternity were determined. Re- 
sults were categorized as ' no  response' if there was a return 
to a proestrous or estrous vaginal smear within 7 days or less 
or as 'pseudopregnant '  if  the return to a proestrons or estrous 
vaginal smear required 8 days or longer (generally 12-15 days). 

Behavioral Measures. Behavioral measures used were as defined 
by Dewsbury (1979a). Copulatory behavior in deer mice in- 
cludes mounts (with pelvic thrusting but no vaginal insertion), 
intromissions (with brief vaginal insertion but no sperm 
transfer), and ejaculations (with insertion and sperm transfer). 
These events occur in organized ejaculatory series, with each 
series including at least one intromission, ending with ejacula- 
tion, and separated from other series by postejaculatory refrac- 
tory periods. The following standard measures were used: 
mount latency (ML)-time (s) from the start of  a test until the 
first mount or intromission, intromission latency (IL)-time (s) 

from the start of a test until the first intromission, ejaculation 
latency (EL)-time (s) from the first intromission of a series 
until ejaculation, intromission frequency (IF) - the number of 
intromissions in a series, mount frequency (MF) - the number 
of mounts in a series, mean interintromission interval (MIII) 
- the mean interval (s) separating the intromissions of a series, 
and postejaculatory interval (PEI)-time (s) from an ejaculation 
until the first intromission of the next series. When associated 
with an arabic number, the measure refers to the designated 
series (e.g., IF-3). 

Results 

Effects of Multi-Male Mating 
on Pregnancy Initiation 

First it was determined whether mating with two 
males would result in a lower probability of preg- 
nancy than would mating for the same number 
of  ejaculations with just one male. Each of  36 
blonde females completed three tests - one in each 
of three conditions. Six of the females were tested 
in each of  the six possible running orders. In one 
condition (B3), a blonde male and a blonde female 
were permitted to copulate for three complete ejac- 
ulatory series with no disturbance. In a second con- 
dition (B2W1), the female mated with a blonde 
male for two ejaculatory series and then was placed 
in the home cage of a wild-type male for one ejacu- 
latory series. The latter two groups differ not only 
with respect to the number of males mating with 
the female but also with respect to disturbance 
created by handling the female during the change 
of cages and the time between series (because the 
initiation of copulation by a male generally takes 
longer than the time of  the second PEI). The third 
condition (20P) represented an effort to control 
for these factors. A blonde male and blonde female 
mated for two ejaculations, whereupon the female 
was returned to her home cage. Twenty rain later, 
the female was returned to the cage of the original 
male and permitted to mate for a third ejaculation. 

The percentages of females pregnant were 50, 
53, and 28 for the B3, 20P, and B2Wl conditions 
respectively (see Fig. 1). This difference was found 
to be statistically significant with a Cochran Q test 
(Q--7.30, df=2, P<0.5 ,  2-tailed). Using bino- 
minal tests it was found that significantly more 
20P than B2Wl females were pregnant (P < 0.006, 
1-tailed) and that significantly more B3 females 
than B2Wl were pregnant (P<0.058, l-tailed). 
The B2Wl and 20P females showed no difference. 
There were no differences among groups with re- 
spect to gestation period or litter size in this experi- 
ment or the two described below. Genotypes were 
determined for 8 of the 10 litters conceived in the 
B2Wl condition; there were 25 blonde pups and 
19 wild-type pups. 
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Fig. 1. Percentage of females pregnant  as a function of treat- 
ment in three experiments of effects of multi-male mating or 
exposure 

Analyses of variance were used to compare the 
parameters of copulatory behavior among the 
three groups. Paired comparisons were made with 
the Newman-Keuls method (Winer 1962). There 
was a significant difference (F2,7o = 71.91, 
P <  0.001) in the interval following the second ejac- 
ulation; that for group 20P (1449 s) was longer 
than that for either the B2W1 group (873 s) or 
B3 group (522 s); the latter two groups also dif- 
fered significantly. The only other differences were 
for MF-3 and MIII-3. The three groups did not 
differ significantly with respect to the number of 
intromissions received (F2,7o = 0.58). 

Analyses of variance revealed no consistent 
trends for differences in copulatory behavior for 
each of the three conditions as a function of the 
result (pregnant versus pseudopregnant versus no 
response) in this experiment or those described be- 
low. 

Effects of  Multi-Male Exposure 
on Pregnancy Initiation 

To determine whether mere exposure to a strange 
male (and his bedding), without copulation, would 
lower the probability of pregnancy, a total of 29 
blonde female deer mice completed tests in each 

of three conditions. Four or five females completed 
testing in each of the six possible orders. In each 
condition the females mated for three complete 
ejaculatory series with a single blonde male with- 
out disturbance. Females were then placed for 2 h 
in one half of a divided cage. In the first condition 
(B3/E) the other half of the cage was empty and 
the bedding in both sides was fresh. In the second 
condition (B3/B) the cage was that of a strange 
blonde male; the male was in the other half of 
the cage and the bedding in both sides was that 
in which the male had been living. The third condi- 
tion (B3/W) was identical to the second except that 
the strange male was of the wild genotype. 

The percentages of females pregnant were 66, 
45, and 38 for females exposed to the empty cage, 
blonde male, and wild male respectively (Fig. 1). 
The difference is significant (Q=6.12, df=2, 
P < 0.05, 1-tailed). Using one-tailed binomial tests 
it was found that more B3/E females than B3/B 
(P < 0.035) or B3/W (P < 0.038) were pregnant; the 
remaining comparison revealed no significant dif- 
ference. There were no reliable differences with 
respect to either gestation period or litter size. 

Analyses of variance revealed no significant 
difference across conditions with respect to the to- 
tal number of intromissions. There were significant 
differences in EI-I (F=4.42, P<0.02) and IF-1 
(F= 3.53, P<0.05). Although there were fewer in- 
tromissions in the first series of females subse- 
quently exposed to wild males, none of the paired 
comparisons were statistically significant. 

Effects of  Exposure to a Male's Bedding 
on Pregnancy Initiation 

Having established that exposure to a strange male 
immediately after mating could produce a block- 
age of pregnancy, an experiment to determine the 
relevant sensory modality was conducted by expos- 
ing females only to the bedding of strange vs famil- 
iar males. 

Twenty-seven wild-type females completed this 
experiment. Each female received two tests - one 
in each of two conditions. Fourteen females were 
tested in one running order and 13 in the other. 
In both conditions each female mated for three 
ejaculatory series with a wild-type male. She then 
was removed from the cage in which she had copu- 
lated and was placed alone in the home cage of 
either a strange male (W3/SC) or the stud male 
(W3/FC) for 2 h. 

Seventy-eight per cent of the W3/FC females 
delivered litters compared to 44% of the W3/SC 
females (Fig. 1, P<0.002, one-tailed). There were 
no differences in gestation period or litter size. 
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Analyses of variance revealed no differences in 
the parameters of copulatory behavior as a func- 
tion of test condition. For example, females re- 
ceived a mean of 27.7 intromissions in the W3/FC 
condition and 31.0 intromissions in the W3/SC 
condition. 

D i s c u s s i o n  

Elaboration of Results 

Dewsbury and Baumgardner (1981) suggested the 
possibility of a pregnancy block resulting from 
multi-male exposure or mating at the time of copu- 
lation. In the present study better controls were 
used and the suggested phenomenon was demon- 
strated more definitively. Mediation via a chemical 
cue is suggested. Effects were all-or-none; there 
were no effects on either gestation period or litter 
size in any of the experiments. 

Since similar results were obtained with both 
blonde and wild females, the phenomenon is not 
limited to blonde mutuants and therefore may be 
applicable to animals in the field. Genotype of the 
strange male also had no effect on the results. Thus 
'strangeness' appears important but genotype, in- 
sofar as manipulated here, appears unimportant. 

Some limitations on these results should be not- 
ed. Most important is the relatively small magni- 
tude of the differences obtained. However, relative- 
ly small differences in phenotypic characters re- 
lated to genetic fitness can be of considerable im- 
portance when viewed over evolutionary time. A 
second limitation relates to the control used in the 
second experiment. In retrospect, the control might 
better have been run with the familiar male, rather 
than an empty cage, across from the female. How- 
ever, as it might be expected that, when exposed 
to just one male, prolonged contact with the famil- 
iar male might increase, rather than decrease, the 
probability of pregnancy, this flaw appears to be 
minor. 

Pregnancy initiation in deer mice is partially 
a function of the number of intromissions received 
by the female (Dewsbury 1979b; Dewsbury and 
Baumgardner 1981). However, differences in stim- 
ulation were not responsible for the effects ob- 
served in these three experiments. Analyses of vari- 
ance indicated no significant differences across 
conditions regarding the total number of intro- 
missions received. The effects might have resulted 
from an elevation of the threshold for pregnancy 
initiation in the female triggered by a strange male 
(Dewsbury and Baumgardner 1981). The present 
data do not support that possibility either. It is 

notable that females exposed to two males simulta- 
neously appear to show no pregnancy blockage 
- at least when tested in small cages in short-term 
tests (Dewsbury 1981 b). 

The fact that appreciable numbers of female 
deer mice conceiving in the field deliver litters of 
multiple paternity (Birdsall and Nash 1973) indi- 
cates ecological validity for these experiments. 
However, Dewsbury and Baumgardner (1981) sug- 
gested that such field data may underestimate the 
number of females mating with more than one 
male because only about half of the females mating 
in the laboratory with two males and delivering 
a litter, delivered litters of multiple paternity. The 
present results suggest a further source of underes- 
timation. Multiply-mated females have a lower 
probability of pregnancy than singly-mated fe- 
males. Together, these two effects suggest that the 
incidence of multiple paternity may be greatly un- 
derestimated in field studies using electrophoretic 
marker genes. 

Relationship to the Bruce Effect 

The phenomenon described here bears at least su- 
perficial resemblence to the 'Bruce effect' (Bruce 
1959). Such an effect has been demonstrated in 
deer mice (e.g., Bronson and Eleftheriou 1963). In 
a typical study of the Bruce effect, copulation is 
not observed, but is inferred from vaginal smears, 
and experimental manipulations are made 24-48 h 
later. Strange males produce a pregnancy block. 
Although the advantage of a Bruce effect to males 
appears clear, possible advantages to females ap- 
pear controversial (e.g., Bronson and Coquelin 
1980; Dawkins 1976; Labov 1981; Mallory and 
Brooks 1980; Schwagmeyer 1979). Interpretation 
of the Bruce effect has been constrained by experi- 
mental designs. It has been argued that if a Bruce 
effect occurs in the field it may be the result of 
a strange male's replacing a resident within a deme 
(e.g., Stoddart 1980) or emigration by a pregnant 
female (Rogers and Beauchamp 1976). Bronson 
and Coquelin (1980) suggested that the Bruce ef- 
fect may be a laboratory artifact. 

It is not yet clear whether the mechanism un- 
derlying the present phenomenon lies along a con- 
tinuum with the Bruce effect or differs from it. 
Procedurally, the effects differ in three important 
ways. First, exposure to the novel male occurs 
shortly after copulation with the first male. Sec- 
ond, the duration of exposure to the first male 
is quite brief. Third, the duration of exposure to 
the second male is quite brief. 

Arguing in favor of the possibility of a single 
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underlying mechanism are results showing that the 
temporal parameters of studies of the Bruce effect 
can be manipulated through a considerable range 
without losing the effect (Bloch 1974; Bruce 1961; 
Chipman et al. 1966; Keverne and de la Riva 1982; 
Lott and Hopwood 1972; Milligan 1979, 1980). 
The possibility that the two effects are dissociable 
is suggested by results indicating that prairie voles 
show a Bruce effect (Stehn and Richmond 1975; 
Stehn and Jannett 1981) but apparently show no 
multi-male blockage (Gray et al. 1974; Dewsbury 
and Baumgardner 1981). 

Should both effects lie along a continuum with 
a common underlying mechanism, the search for 
adaptive significance might now be shifted awasy 
from the narrow range of events dictated by the 
design of experiments on the Bruce effect to multi- 
male copulation, a phenomenon known to occur 
in nature. 

Effectiveness of Multi-Male Mating 

There is an appreciable literature on the effective- 
ness of heterospermic (more than one male) versus 
homospermic (single male) insemination in mam- 
mals. Most relevant research has been done with 
artifical insemination. Although there are some in- 
dications of improved fertility with heterospermic 
insemination (Beatty 1960; Hess etal. 1954; 
Kushner 1954), most studies have failed to reveal 
beneficial effects of heterospermic insemination 
(Beatty 1970; Napier 1961). The present results 
suggest a detrimental effect of multi-male mating. 

Advantages and Disadvantages 
of Multi-Male Mating 

The finding that female deer mice block pregnan- 
cies resulting fi'om multimale copulation or expo- 
sure suggests that some selective factor may have 
operated to create the evolution of this response. 
Many potential advantages to repeated and multi- 
male mating have been suggested. These include 
(1) enhancement of genetic diversity of offspring 
(Byers 1978) (2) as a remedy to an inadequate mat- 
ing (Boorman and Parker 1976; Byers 1978), (3) 
as a protection against mating with a sterile male 
(Oglesby et al. 1981) (4) as a source of nutrition 
(Byers 1978; Walker 1980), (5) as a means of en- 
hancing male-male behavioral competition and 
hence producing more fit offspring (Cox and Le- 
Boeuf 1977), (6) as a means of increasing competi- 
tive ability in the sperm of sons (Cohen 1971), (7) 
as being favored in terms of time, energy, and risk, 
over resisting large, persistent males (Gibson and 
Falls 1975; Parker 1970), and (8) provision of pro- 

tection against predators (Walker 1980). On the 
other hand, prolonged copulation may produce tis- 
sue damage fi'om excessive stimulation, waste ener- 
gy, increase risk of exposure to predators, and risk 
loss of sperm and other constituents of the ejacu- 
late already in the reproductive tract (Dewsbury 
1981a; Oglesby et al. 1981). Further, when she 
mates with several males, a female may be less 
able to overtly control the paternity of her off- 
spring. In addition, it has been suggested that ge- 
netic diversity in a litter may lead to deleterious 
competition within a litter (e.g., Hamilton 1964; 
Trivers 1972). Presumably, these and other influ- 
ences act in the evolution of both multi-male vs 
one-male mating patterns and, perhaps, in the kind 
of pregnancy block demonstrated herein. 

One other factor may be relevant specifically 
to the evolution of pregnancy blockage. Stable 
physical and social conditions generally would be 
expected to enhance the success of females in rais- 
ing litters. A female that could predict a period 
of instability may be best off deferring reproduc- 
tion until a later time when conditions are more 
favorable. In chimpanzees, females copulating in 
a restrictive mating pattern (i.e., either a pattern 
of possessiveness by one male or a consortship) 
appear more likely to conceive than those engaging 
in 'opportunistic, non-competitive mating' with 
several males (Tutin 1979). Female rats mating in 
a burrow system dominated by one male appear 
more likely to conceive and rear young than those 
exposed to numbers of males (Calhoun 1962). The 
multi-male pregnancy block demonstrated here 
may reflect the operation of similar selective pres- 
sures and may provide a proximate mechanism for 
the termination of reproductive effort in an unsta- 
ble social situation, as indicated by multi-male 
mating. 
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