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Summary. In laboratory studies using albino house mice, 
a female's prior intrauterine position can affect many 
postnatal physiological, morphological and behavioral 
characteristics. Females flanked by males in utero (2M 
females) exhibit more aggressive dominance than fe- 
males flanked by females (0 M females). Thus, wild 2 M 
females may be most successful during peak population 
densities when their aggressive nature would allow them 
to displace other females from limited resources. 2M 
and 0 M females and males delivered by cesarean section 
were individually marked and released as young adults 
on two occasions onto a "highway island" (the area 
enclosed by exit and entrance ramps at an interchange) 
to determine whether 2M females have a competitive 
advantage over 0 M females in the field. Males were in- 
cluded to create realistic population structure; their in- 
trauterine position was not a treatment. Feeding stations 
afforded individuals an opportunity to exhibit their 
dominance by maintaining home-ranges at or near the 
stations. The populations were monitored by periodic 
live-trapping and reproductive success was determined 
using field body weights and by post-mortem examina- 
tion for uterine implantation scars. Survival and capture 
rates were estimated, using a modified Jolly-Seber mark- 
recapture program, for each of four intervals between 
trapping occasions over the course of 7 weeks. There 
were no overall differences in survivorship between 2 M 
and 0 M females, neither type of female was caught more 
frequently at feeding stations and they did not differ 
in measures of reproductive success. However, 2M fe- 
males had significantly larger home-range sizes than 0 M 
females and thus space use may be a trait "masculin- 
ized" by prior intrauterine position. Although there are 
a number of life-history characteristics that differ be- 
tween 0M and 2M females in the laboratory that we 
did not test specifically in the field, our findings and 
other features of wild house mouse biology suggest that 
prior intrauterine position does not have a strong effect 
on survival and reproduction in the wild. 
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Introduction 

The position of female and male fetuses, relative to the 
sexes of their intrauterine neighbors, affects the physio- 
logical, morphological, or behavioral characteristics of 
house mice (Mus musculus), rats (Rattus rattus), gerbils 
(Meriones unguiculatus), and hamsters (Mesocricetus 
auratus) (vom Saal and Bronson 1978; Clemens et al. 
1978; vom Saal 1981, 1989; Vomachka and Lisk 1986; 
Clark and Galef 1988). For example, female albino 
house mice that were located between two males in utero 
(2 M females) have higher plasma testosterone levels dur- 
ing fetal life, are more aggressive as adults, have longer 
estrous cycles, are less sexually attractive to males, and 
have a shorter reproductive life than 0M females. In 
virtually all characteristics measured, 2M females are 
phenotypically more masculine than 0M females. 2M 
females also have longer anogenital distances than 0M 
females, an observation that has become a common 
bioassay for the masculinizing effects of prenatal andro- 
gen exposure on females (vom Saal and Bronson 1978; 
vom Saal and Bronson 1980). During embryonic devel- 
opment perineal tissue responds to endogenous andro- 
gens such that females display a shorter anogenital dis- 
tance (AGD) than males (Rugh 1968; Gupta and Gold- 
man 1986). However, androgens transported from adja- 
cent males can lengthen female AGD. Thus, AGD at 
birth is a good predictor of adult behaviors influenced 
by prenatal androgen exposure (vom Saal and Bronson 
1978; vom Saal 1989). 

It has been suggested that intrauterine position may 
affect an individual's ability to survive and reproduce 
in natural populations (vom Saal 1981, 1984). In the 
laboratory, 2M females establish dominance over 0M 
females in paired encounters in neutral arenas and lac- 
tating 2M females exhibit more aggressive behavior to- 
ward intruders than do lactating 0 M females (vom Saal 
1981). These differences in aggression may endow 2M 
females with an advantage in high-density populations 
where they may be capable of dominating or displacing 
1 M and 0M females. Further, size of home range may 
also be affected by intrauterine position in females. 
Males in polygynous mammal species usually have larger 
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home ranges than  females (eg. D e L o n g  1967; Hares tad  
and  Bunnel l  1979). I f  this difference is due to sexual 
differences in prena ta l  testosterone exposure, it may  also 
be that  2 M females have larger home ranges, and  access 
to more  resources, than  0 M  females. Thus,  the probabi l -  
ity bo th  of  surviving and  of successfully reproducing  
should be greater for 2 M females when  densi ty is high. 
Indirect  suppor t  for this hypothesis  comes f rom work  
on voles (Clethrionomys rufocanus) where females f rom 
male-biased litters (where 2 M  females would  be most  
c o m m o n )  were mos t  successful at establishing them- 
selves on an  is land where space was l imit ing (Ires 1987). 
In  an ano the r  field study, tes tosterone-treated females 
survived high densities better  than  oil-treated controls  
(Zielinski and  Vandenbergh  1991), suggesting that  fe- 
males with higher p lasma and rogen  levels excel in inter-  
ference compet i t ion.  It is u n k n o w n ,  however,  how fe- 
males that  differed in their level of  endogenous  exposure 
to androgens  dur ing  fetal life, via their in t rau ter ine  posi- 
t ion, vary in their abil i ty to survive in the wild. 

Unt i l  recently all of  the data  on  in t rau ter ine  posi t ion  
effects in house mice had been collected in the l abora tory  
using l abora to ry  strains of  a lb ino  mice. However,  the 
recent observa t ion  that  2 M  female wild-type house mice 
had longer  A G D s  than  0 M females (Zielinski et al. 1991) 
provides jus t i f ica t ion for invest igat ing the role of  in t rau-  
terine posi t ion  on the behavior  of mice in the wild. The 
purpose  of  the present  exper iment  was to compare  the 
survival,  r ep roduc t ion  and  home range size of 2 M and  
0 M  female house mice in the field. 

We recognize that  embryo  pos i t ion  can  be classified 
using other schemes (Meisel and  Ward 1981; Houts -  
mul ler  and  Slob 1990) and  that  some controversy exists 
abou t  the t ranspor t  mechan i sm of in t rau ter ine  steroids. 
However,  we chose to classify the an imals  on  the basis 
of  cont igui ty  since it is sufficient to explain mos t  of  the 
pos i t ion  var ia t ion  in steroid levels and  behavior  (vom 
Saal and  Bronson  1980; vom Saal et al. 1989). 

Methods 

Subjects and laboratory procedures. The subjects were descendants 
of wild house mice caught near Alberta, Canada (Perrigo and Bron- 
son 1985). Virgin females were mated with proven breeder males, 
had their pups removed immediately after parturition, and were 
mated during their first post-partum estrus by the same male. Be- 
cause females are usually impregnated within 18 h of parturition, 
the second litter reliably occurs 20 days later. We did not check 
cycling females for plugs because this procedure stresses wild-type 
females and can cause pregnancy termination. Between 0600 and 
1000 hours on Day 19 of gestation (conception equals day 1) the 
pups were delivered via cesarean section and the intrauterine posi- 
tion (0M, IM, or 2M) of the females was noted. Each pup was 
resuscitated using either vacuum suction or by rubbing its nose 
gently on a paper towel, and was allowed to recover under a heat 
lamp. Females were individually marked as to intrauterine position 
using a dermal ink prick and the entire litter was cross-fostered 
to a lactating albino laboratory female. 

At 25 days of age all animals were weaned to individual cages 
and 0M and 2M females and all males were toe-clipped for individ- 
ual identification and then weighed at 30-35 days of age. Males 

were to be released along with females to simulate natural social 
structure but their intrauterine position was not a treatment vari- 
able. Because of the rarity of 0M and especially 2M females (vom 
Saal 1981) we had difficulty breeding enough females to produce 
them in sufficient numbers for the field experiment. The sample 
was augmented by adding to the 0M and 2M groups a minority 
of 1 M females that either had extremely short or extremely long 
AGDs, respectively. 1 M female pups were selected that had AGDs 
either I SD greater than or 1 SD less than the mean for 1 M females 
and can be considered respectively more and less masculinized than 
the typical 1 M female. Thus, the two groups of females are best 
thought of as either "masculinized" or "non-masculinized". In 
the "non-masculinized" group 10 females (21.2%) were short- 
AGD IM females and 37 (78.8%) were true 0M females. In the 
"masculinized" group 9 females (20.0%) were long-AGD 1 M fe- 
males and 36 (80.0%) were true 2M females. For convenience we 
will continue to refer to the two treatment groups as 0M and 
2M females. 

Field procedures. Our study site was a "highway island" (0.9 ha 
of unmowed area) formed by the exit and entrance ramps at a 
highway interchange (Massey and Vandenbergh 1980; Massey 
1982; Coppola and Vandenbergh 1987). A highway island was 
used because many include habitats preferred by wild house mice 
and because mice released onto the islands emigrate from them 
at a low rate (Massey 1982; Coppola 1986). 

The particuiar island we used was developed and seeded 8 years 
prior to this study and the vegetation is typical of an oId-field 
community 5-10 years after abandonment (Keever 1950). Dog-fen- 
nel (Eupatorium canadense), goldenrod (Solidago sp.), blackberry 
(Rubus sp.), broomsedge (Andropogon sp.) and isolated loblolly 
pines (Pinus taeda) are the dominant native species. However, sev- 
eral species of Korean lespedeza (Lespedeza sp.) and rescue (Festuea 
sp.) that were established during construction are also widespread. 

Competition among females was promoted by (1) introducing 
a total number of animals on each island that was 3-6 times higher 
than the typical densities of natural house mice populations re- 
corded on similar sites (Massey and Vandenbergh 1980; Coppola 
and Vandenbergh 1987; Zielinski personal observation) and (2) 
by establishing a number of feeding stations on each island. We 
assumed that competitively dominant animals would defend areas 
around permanent supplies of food (Stueck and Barrett 1978; Ires 
1987). Cracked corn and sunflower seeds were provided, every 10 
days, under the cover of 1 × 1-m wooden boards supported by 
bricks. 

An experimental replicate consisted of releasing equivalent 
numbers of approximately 35-day-old 0M and 2M females, and 
a number of males roughly equal to the total number of females, 
on the island. Two replicates were run at two different times of 
the year on the same island. On 10 October 1989 23 2M females 
and 24 0M females plus 40 males (87 animals; 96/ha) were released 
and on 10 May 1990 22 2M and 23 0M females plus 45 males 
(90 animals; 100/ha) were released. The long- and short-AGD 1 M 
females were included in the second replicate only. Three weeks 
before mice were released the traps were set to capture and relocate 
all the native small mammals on the island. These were checked 
twice a day for at least 3 days each week. The same trap distribu- 
tion was used to remove these animals as was later used to recap- 
ture the experimental house mice. Single 7 × 7 x 25-cm Sherman 
live-traps were placed at 30-m intervals along traplines located 
30 m apart and two traps were placed at each feeding station, 
totalling 77 traps. 

The experimental animals were released at the center of the 
island in the late afternoon. Mice were recaptured at four occasions 
during the 7 weeks that followed their release. Each occasion in- 
cluded three consecutive nights, of trapping where traps were set 
in the late afternoon, checked at dhWn, closed for the rest of the 
day and reopened again in the afternoon. The first morning of 
each of the four recapture occasions occurred 7, 20, 35, and 50 days 
after each release resulting in four between-capture intervals of 
7, 10, 13, and 13 days respectively. 



187 

Analyses of survivorship, dominance, space use, and reproduction. 
The initial analysis of survivorship was conducted by comparing 
the number of 0M females, 2M females, and male mice that were 
captured at least once with the number that were never captured, 
using Z 2 contingency tables. Animals that were never captured were 
assumed to have either died or dispersed from the island and thus 
did not "survive". However, differences in capture rates may mere- 
ly reflect differences in behavior toward traps or different activity 
levels, so we also estimated survival rates independent of capture 
rates using the Jolly-Seber capture-recapture model (Jolly 1965; 
Seber 1965) as included in the software program RELEASE (Burn- 
ham et al. 1987). RELEASE was developed to distinguish capture 
from survival probabilities for fish that are exposed to different 
levels of treatment, released at one point in time and recaptured 
at several possible downstream locations. However, the model is 
applicable to experiments where the survival and capture probabili- 
ties of two or more treatment groups of any species released at 
the same time are to be compared (eg. starlings; Krementz et al. 
1989). All test statistics in RELEASE are distributed as )~2 and 
tests are in the form of contingency tables. We applied the model 
separately to the 0M females, 2M females, and males to obtain 
independent estimates of survival probability (~bl) for each of the 
four between-capture intervals, and capture probability (pi) for 
each of the four capture occasions. Replicates were compared for 
statistical equivalency before the data from both were pooled. 

Dominance was also assessed by comparing the number of 0 M 
females, 2M females, and male mice caught at feeding stations. 
Dominant animals were presumed to establish home ranges near 
feeding stations. The area that an individual used was calculated 
for each mouse that was captured a minimum of three times. Al- 
though an animal with only three captures was included, the mean 
number of captures per animal included in the analyses were 6.4 
(SD =2.2) for females and 6.2 (SD= 3.2) for males. The location 
analysis program MCPAAL (Sttiwe and Blohowiak 1982) was used 
to calculate minimum polygon areas for 0M and 2M females and 
males separately for each replicate. Mean home range areas were 
compared using t-tests. Body weights, measured during recapture, 
were an index of reproductive activity and general health. Females 
that both weighed >27 g and had a conspicuously large abdomen 
were assumed to be pregnant (Zielinski unpublished data). All fe- 
males captured on the last occasion were returned to the laboratory 
and sacrificed. Their uteri were removed and placental scars were 
counted as an index of fecundity (Davis and Emlen 1948; Kirkpa- 
trick 1980). 

Results 

The fall and  spring data  were pooled because the survi- 
vorship of  0 M  (Z2=7.98,  P = 0 . 3 3 ) ,  2 M ()~2 =4.3•, P =  
0.37) or male mice (Z 2 = 5.15, P =  0.64) did no t  vary with 
season. A total  of  47, 45, and  85 0 M  female, 2 M  female, 
and  male mice, respectively, were released. At  the first 
recapture episode, 7 days after release, 37.3% of  the ani-  
mals  were recaptured.  Seven weeks after release, at the 
end of  the experiment ,  •9.8% of the animals  were cap- 
tured. Ana lyzed  simply on  the basis of  whether  an indi-  
vidual  was either caught  or no t  caught  after release, there 
were no differences in the persistence of  0 M  and  2 M  
females on  the islands (Z ~ = 2.22, P > 0.10). In  addi t ion,  
the probabi l i ty  of  cap tur ing  a male at least once after 
release was no different than  cap tur ing  either type of  
female (Table 1). 

However,  this measure  of  success does no t  dis t inguish 
between the probabi l i ty  of survival and  the probabi l i ty  
of capture (i.e. indiv idual  or t reatment-specif ic  responses 
to traps) and  does no t  test for a change in relative survi- 

Table 1. Numer of 0M females, 2M females and males either 
caught at least once or never caught after release 

Fall •989 Spring •990 Pooled 

0M 2M Male 0M 2M Male 0M" 2M b Males 

Caught 10 7 19 15 10 20 25 16 39 

Not caught 14 16 21 8 12 25 22 29 46 

Total 24 23 40 23 22 45 47 45 85 
number 
released 

a 0M v 2M (Z2 =2.22; 0.10<P<0.20, NS) 
0M v males ()~2 =0.4; 0.50<P<0.70, NS) 

b 2M V males ()~2 =0.9; 0.30<P<0.50, NS 

The data are presented separately for the two replicates and for 
replicates pooled 

Table 2. Survival (~b~) and capture (Px) rate estimates i 

Females Males 

OM 2M 

Survival rates 

q5(1) 0.85 (0.25) 0.40 (0.08) 0.53 (0.08) 
q5(2) 0.28 (0.11)" 0.71 (0.12) b 0.45 (0.09) a3 
q5(3) 0.89 (0.11) "'b 1.0 (0.0)" 0.69 (0.11) b 
q~(4) p(4) 2 0.90 (0.09) 0.92 (0.07) 0.84 (0.10) 

Capture rates 

p(1) 0.42 (0.14) 0.76 (0.12) 0.75 (0.10) 
p(2) 0.73 (0.13)" 1.0 (0.0) b 0.93 (0.07)" 
p(3) 0.90 (0.09) 0.90 (0.09) 0.92 (0.08) 

1 x for survival refers to the between-capture interval and x for 
capture refers to capture occasion (eg. ~b(1)=survival rate from 
release to the first capture occasion and p(1)=capture rate at the 
first capture occasion) 
2 Neither the survival rate for the final between-capture interval 
@(4)) nor the capture rate for the final capture occasion (p(4)) 
can be estimated independently. They are combined here to yield 
an approximate estimate of survival rate for the final between- 
capture 
3 Difference between males and 2 M females is marginally signifi- 
cant (P = 0.08) 
a,b Different letters, within a row, designate statistical differences 
at P<0.05. Absence of letters indicates lack of statistical differ- 
ences. Standard errors are given in parentheses 

vorship over time. P rogram R E L E A S E  allowed us to 
address bo th  of  these problems.  The survival  rate of 
0 M  and  2 M  females differed only for the second be- 
tween-capture  interval,  where the survivorship of 2 M  
females exceeded that  of  0 M  females (Table 2; Fig. 1). 
This would  m e a n  that  for those 2 M  and  0 M  females 
that  were alive at the first capture  episode, fewer 0 M  
females survived to be caught  at the second episode. 
However,  the est imate of  capture rate of  2 M  females 
exceeded that  for 0 M  females dur ing  this same period 
(Table 2), ind ica t ing  that  2 M  females were more  "cap -  
t u rab le"  dur ing  this period. This could be due to an  
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Fig. la-e. Survival rates (_+1 SE) of 2M (a) and 0M (b) females 
and males (e) for each between-capture episode during the 7-week 
experiment. These are estimates of the probability of surviving 
the subsequent between-trapping interval provided the animal was 
alive at the previous trapping session. The survival rate at release 
was standardized at 1.0 

increased encounter  rate with traps or greater propensi ty  
to enter an encountered trap, a m o n g  other  reasons. Cap-  
ture rate differences con found  differences in survival 
rates (Burnham et al. 1987), and since the only time peri- 
od  dur ing which there was a significant survival rate 
difference was also the only time period where there 
was a difference in capturabil i ty the difference in survival 
is mos t  likely erroneous.  Therefore,  there were no mean-  
ingful differences between the abilities o f  0 M  and 2 M  
females to survive on the islands during any o f  the be- 
tween-capture  intervals. 

Analysis o f  space use indicated that  2 M females used 
significantly larger areas than 0 M  females (Fig. 2A).  

g 

600 

500 

400 

300 

200 

100 

OM 2M Spring Male Fall Male 

A 

8~ 

~z 
Z ~ 

B 

OM 2M Males 

Fig. 2. A Mean home range size (_+t SE) of 0M and 2M females 
and of males. Sample sizes are imbedded in the bars and represent 
the number of animals that were captured at least 3 times during 
the experiment. Spring and fall data are pooled for females (there 
were no seasonal differences for females, see text) but significant 
differences for males necessitated separate presentations for spring 
and fall. Letters above bars distinguish statistically different values 
(t-tests, P<0.05). B Mean (_+ 1 SE) number of captures at a feeding 
station for 0M and 2M females and males. Samples sizes include 
only those animals captured at least 3 times during the experiment; 
animals caught at feedings stations but that were caught only once 
or twice during the experiment were unlikely to have established 
a territory in the vicinity of the station. Letters above bars distin- 
guish statistically different values (t-tests, P < 0.05) 

Neither  0 M  nor  2 M  female home ranges differed be- 
tween spring and fall ( t = 0 . 0 7 8 ;  P > 0 . 0 5  and t = 0 . 2 6 ;  
P > 0 . 0 5 ,  respectively). Male ranges in the fall replicate 
were larger than those in spring replicate ( t =  2.29; P <  
0.025). Interestingly, the mean  area used by 2 M females 
was no different f rom male home  range in the spring 
( t = 0 . 3 9 ;  P > 0 . 0 5 )  but  was significantly less than that  
used by males in the fall ( t = 2 . 1 0 ;  P < 0 . 0 5 )  while 0 M  
female ranges were significantly smaller than male 
ranges dur ing both  seasons (spring: t = 1 . 8 5 ;  P < 0 . 0 5 ;  
fall: t = 2 . 3 6 ;  P < 0 . 0 2 5 ) .  0 M  and 2 M  females did not  
differ in the mean  number  o f  captures at a feeding sta- 
tion, but  0 M  females were caught  there more  frequently 
than were males (Fig. 2 B). 

Ten 0 M and 12 2 M females were recaptured 8 weeks 
after release and sacrificed. The mean  number  o f  uterine 
implanta t ion  scars were no different and there were also 
no differences in the number  o f  0 M and 2 M  females 
that  weighed enough  at recaptures to be considered preg- 
nant  (Table 3). 



Table 3. Reproductive characteristics of 0 M and 2 M female mice 

0M 2M 

Mean (SE) number of uterine scars 1 13.8 (1.8) 12.7 (1.4) 
Number of different females 6 8 
that weighed _> 27 g 
Number of times a female _>27 g 13 16 
was captured 

i 0M and 2Ms are not statistically different (t=0.51, df=20, P> 
0.05) 

Discussion 

The results of our field experiment do not  support the 
prediction that female house mice masculinized by in- 
trauterine proximity to males survive periods of  high 
density any better than females that are not  masculin- 
ized. There was also no difference in the number of cap- 
tures of  0 M and 2 M females at feeding stations, indicat- 
ing that if these sites were defended, neither type of fe- 
male excelled at their defence. We doubt  that the lack 
of differences in survival between the two types of  fe- 
males can be attributed to food provisioning. Only half 
of the animals had home ranges that included a feeding 
station and the rate at which seeds were eaten from these 
sites, as indicated by presence of  hulls, was quite low. 
It is likely that during both replicates natural foods were 
sufficiently abundant to preclude the defense of  feeding 
stations (Carpenter 1987). Therefore, despite the differ- 
ences in aggressive behavior demonstrated between 0 M 
and 2 M females in the laboratory (vom Saal and Bron- 
son 1978), 2M females do not appear to be capable 
of outcompeting 0 M females for resources in the field. 
While Rines and vom Saal (1984) noted that the differ- 
ence in aggression between the two types of  females de- 
creases with age, this seems an unlikely explanation for 
the lack of  difference in our study since our mice were 
much younger than the age at which Rines and vom 
Saal noted the decrease. 

While there were no significant differences in ability 
of  either type of  female to persist on the island, the 
larger home ranges of  2M females suggests that they 
may have the potential to exclude 0M females from 
some resources if the areas are defended. In other ro- 
dents, female spacing behavior has been shown to regu- 
late female density (eg. Bujalska 1973). The fact that 
the size of  the areas used by 2 M females was no different 
from those used by males, at least in spring, suggests 
that prenatal exposure to heightened testosterone levels 
may induce some of  the wide-ranging behavior typical 
of male rodents (DeLong 1967; Harestad and Bunnell 
1979; Ostfeld 1986; Ims ~ 988; Salvioni 1988). Therefore, 
patterns of  space use may be added to the list of  behav- 
ioral and physiological attributes that are masculinized 
in 2M females. However, this conclusion is offered with 
the following caveats. First, if  home range size increases 
with decreasing habitat quality then it may possible that 
the larger home ranges of 2 M females reflect social sub- 
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ordination instead of  masculinization. This is unlikely, 
however, because the study site has homogeneous soils 
and vegetation as a result of its anthropogenic origin. 
In addition, it would also follow that because of their 
generally larger home ranges that males are excluded 
from high quality sites by females. There is no evidence 
that we are aware of for house mice to support this 
interpretation. Secondly, space use by all animals could 
have been influenced by the insular setting and the re- 
sults should be replicated in a setting with less impedi- 
ment to dispersal. 

The lack of  difference between the reproductive suc- 
cess of  0M and 2M females was not surprising since 
the mean litter size has not been shown to differ in the 
laboratory (vom Saal and Bronson 1978). While 2M 
female CF-1 mice have a shorter reproductive lifespan 
than 0 M females in the laboratory (vom Saal and Moyer 
1985), our experiment probably concluded before the 
females were old enough to determine if any difference 
exists in wild mice. 

The low incidence of capture of  males at feeding sta- 
tions is perplexing. It is possible that food resources may 
be more important  to females whereas space resources 
are more important  for males. Costs of  lactation and 
gestation could be met more easily by foraging at a feed- 
ing station. It is also possible that females that are asso- 
ciated with feeding stations are active earlier in the even- 
ing than males and therefore enter the feeding station 
traps before the males encounter them. However, we 
have no evidence to support  either of these possibilities. 

In previous work knowledge of an individual's intrau- 
terine position (IUP) has helped explain much of  the 
morphological, physiological and behavioral variation 
that has historically been attributed to genetic variation 
(vom Saal 1989). While identifying the source of  this 
variation is important,  we did not demonstrate strong 
effects of IUP in a field setting. The present study did 
not find evidence for competitive exclusion of  0M fe- 
males by 2M females. Similarly, another recent experi- 
ment, using mice from the same stock, found that the 
sexual attractiveness and sexual receptivity of wild-type 
0M, or 1 M or 2M females did not differ (Zielinski and 
Vandenbergh 1991). 0M females housed either alone 
with a male or in groups with females of other IUPs 
and a male did not give birth any sooner nor have any 
larger litter sizes than 2M females. However, there are 
a number of traits that vary in albino mice on the basis 
of IUP that were not directly tested in our field or labo- 
ratory studies using wild mice. Estrous cycle length, age 
at puberty, responsiveness to social cues, reproductive 
life span, infanticide and maternal nest defense all are 
affected by intrauterine position in albino mice (vom 
Saal 1989) but their influence on wild mice in natural 
settings has not been quantified. However, the differ- 
ences that may occur between 2 M and 0 M females did 
not influence their survival or reproduction during the 
7 weeks of  our experiment. 

A number of other characteristics of wild mice in 
natural populations make it unlikely that IUP will be 
of much consequence to population dynamics. The litter 
sizes of wild mice are much smaller than laboratory 
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strains.  M e a n  l i t ter  sizes for  wi ld  mice in the field range  
f rom 4.77 to 7.0 (Smith  1954; Sou thwick  1958; Rowe  
et al. 1963; L id i cke r  1966; Berry  and  J a k o b s o n  1971) 
whereas  the m e a n  l i t ter  size o f  the C F - I  s t rain,  used 
in I U P  exper iments ,  is 12.1 (vom Saal  and  Bronson  
1978). Thus,  the p r o d u c t i o n  o f  2 M  females is less l ikely 
in wi ld  mice.  Also ,  as p o p u l a t i o n  dens i ty  increases  l i t ter  
size can  decrease  (Sou thwick  1958), m a k i n g  it even less 
l ikely for  2 M  females  to be bo rn  into  a p o p u l a t i o n  at  
the t ime they are  p red i c t ed  to have the mos t  influence.  

Whi le  I U P  effects m a y  no t  p l ay  a d i rec t  role  in p o p u -  
la t ion  regula t ion ,  the in t rau te r ine  e n v i r o n m e n t  m a y  still 
affect  the behav io r  and  success o f  males  and  females.  
M a t e r n a l  stress can  m o d i f y  the phys io logy ,  m o r p h o l o g y  
and  behav io r  o f  male  and  female  of fspr ing  (Al len  and  
H a g g e t t  1977; W a r d  and  Weisz 1980; Pol i tch  and  Her-  
r enkoh l  1984; v o m  Saal  et al. 1990). In  p regnan t ,  wi ld-  
type  house  mice the  stress o f  c rowd ing  can  mascul in ize  
the geni ta l  m o r p h o l o g y ,  a n d  p r e s u m a b l y  behav io ra l  
t rai ts ,  o f  female  of fspr ing  (Ziel inski  et al. 1991). These  
da ta ,  and  the results  o f  exper iments  eva lua t ing  the effect 
o f  phys ica l  stress on  p r e g n a n t  CF-1  mo the r s  (vom Saal  
et al. 1990), suggest  t ha t  female  of fspr ing  o f  s tressed 
mothe r s  have " 2  M - l i k e "  character is t ics .  I f  females  b o r n  
to s tressed m o t h e r s  are  m o r e  aggressive and  less a t t r ac -  
tive to males ,  all females b o r n  du r ing  p e a k  p o p u l a t i o n s  
m a y  be compe t i t ive ly  d o m i n a n t  to the female  of fspr ing  
o f  non-s t ressed  mo the r s  l iving in low-dens i ty  p o p u l a -  
t ions.  This  poss ib i l i ty  cou ld  have  i m p o r t a n t  conse-  
quences  for  p o p u l a t i o n  r egu la t ion  in wild rodents .  Fu-  
ture  exper iments ,  s imi lar  to those  begun  wi th  voles  (Ires 
1990), should  focus on  the effect t ha t  soc ia l ly - induced  
m a t e r n a l  stress has  on  the abi l i ty  o f  of fspr ing  b o r n  to 
s tressed mo the r s  to survive and  r e p r o d u c e  in high den-  
sity condi t ions .  
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