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Summary. The effect of inter-litter competition on pup 
survival was investigated in pairs of female rats (Rat tus  
norvegicus) living and breeding in the same environment. 
If a female gave birth when a 0- to 14-day-old litter 
was already present in the environment, her pups had 
a very high chance of surviving, similar to the situation 
in which no other litter was present. Moreover, the 
mother was likely to nurse communally with the mother 
of the 0- to 14-day-old litter. This communal nursing 
benefitted the newborn pups as evidenced by their being 
heavier at weaning than litters that were not nursed com- 
munally. In contrast, if a female gave birth when a 15- 
to 28-day-old litter was already present in the environ- 
ment, her newborn pups were likely to die within 3 days 
postpartum, owing to the fact that they were often pre- 
vented from suckling at their mother's teats, resulting 
in milk deprivation, and were often beneath the older 
pups, resulting in physical trauma. These findings sug- 
gest that inter-litter competition is an important source 
of pup mortality when litters are born 15-28 days apart. 
The data are discussed in terms of the advantages of 
birth synchrony. 

Introduction 

In many species of mammals, lactating females build 
a nest jointly and nurse communally (Crowcroft and 
Rowe 1963; Dieterlen 1962; Emlen 1984; Gurski and 
Scott 1980; MacDonald et al. 1987; McShea and Mad- 
ison 1984; Southwick 1969; Spencer-Booth 1970; Zim- 
merman 1974). The likelihood, however, of two females 
nursing communally is often dependent upon their being 
pregnant at the same time and subsequently giving birth 

a t  approximately the same time, customarily referred 
to as birth synchrony (Gurski and Scott 1980; Packer 

* Present address: Monell Chemical Senses Center, 3500 Market 
Street, Philadelphia, PA 19104, USA 
** Present address: Department of Psychology, Indiana University, 
Bloomington, IN 47405, USA 

Offprint requests to: M.K. McClintock 

and Pusey 1983a; Rood 1980; Sayler and Salmon 1971). 
Females and their young should benefit from birth syn- 
chrony and the subsequent communal nesting because 
the mothers can share the energetic burdens of protect- 
ing and nursing young (Baldwin 1970; Boinski 1987; 
Gurski and Scott 1980; McClintock 1981; Sayler and 
Salmon 1969, 1971). Furthermore, it has been demon- 
strated, although as yet only in mice, that growth rate 
is enhanced when young are nursed in a communal nest, 
even when the ratio of young to lactating females re- 
mains the same (Sayler and Salmon 1969, 1971). 

In the lion (Panthera leo), another advantage of birth 
synchrony is evident: cub litters of similar age (inter- 
birth interval < 2 months) have a lower mortality rate 
than cub litters of dissimilar age, owing in part to the 
fact that older cubs can prevent younger cubs from gain- 
ing access to teats (Bertram 1975; Packer and Pusey 
1983b; Rudnai 1973; Schaller 1972). Thus birth syn- 
chrony minimizes inter-titter competition. 

The mechansims that affect the timing of breeding 
among female rats have been well documented (Aron 
1973; Gudermuth et al. t984; McClintock 1978, 1983a- 
c, 1984). The consequences of synchronous or asynchro- 
nous breeding, however, are less well understood 
(McClintock 1981, 1983 a-c). In this study, we followed 
the reproductive histories of pairs of adult female rats 
while each pair was living with a male in the same envi- 
ronment. Specifically, we monitored the timing of mat- 
ing and births, the incidence of communal nursing, and 
the incidence of pup mortality over a period of some 
4 months. From literature on other species, we expected 
communal nursing to occur when females gave birth 
synchronously and expected pup mortality to be high 
when they gave birth asynchronously. 

Methods 

Animals. Wistar rats were born in the authors' laboratory and 
reared in mixed-sex litters. Following weaning at 30 days of age, 
they were housed with animals of the same sex and age in groups 
of 6-8. A lighting schedule of 12L: 12D was in effect throughout 
the study. The ambient temperature was 22 ° +_ 2 ° C, with a relative 
humidity of 60%-90%. 
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At approximately 90 days of age (range: 77-109 days old), 
18 virgin females were chosen as experimental subjects. From this 
pool, nine pairs of females were constituted, each pair consisting 
of females of comparable age. One female of each pair was marked 
with methyl violet dye so that the two females could be distin- 
guished throughout the study. 

Environment. Each pair of females was placed in an environment 
constructed of 2.54 cm plywood joined to enclose an area 120 x 
120 x 90 cm and covered with 0.64 cm hardware cloth (see Guder- 
muth et al. 1984). A partition having two open doorways divided 
the area in half. One side was an open area containing food and 
water as well as a platform of wire mesh, a cyclindrical tunnel 
of wire mesh, and a large brick. The other side contained two 
adjacent nest boxes constructed of red Plexiglas. The floor of each 
environment was covered with pine chips for sanitation and shred- 
ded newspaper for nesting material. 

Procedure. Four to six days after a given pair of females was placed 
in the environment, a sexually-experienced male was introduced. 
Observations of each triad were then made at least once daily 
for the duration of the study; each observation period lasted ap- 
proximately 5 min. During the first week of the study, we looked 
for sperm in the vaginal smear of each female to determine the 
date of first fertilization. Subsequent fertilizations were determined 
by the presence of sperm in the vaginal smear within 1 day follow- 
ing the birth of each litter during which time the female rat usually 
experiences a postpartum estrus. In six cases, postpartum fertiliza- 
tion was not successful, making it difficult to determine the precise 
day of fertilization. Because of this, and because the next successful 
fertilization necessarily occurred during a cycling estrus, we in- 
ferred date of fertilization for these litters by counting back 22 days 
from the day of parturition (the length of a typical pregnancy 
conceived at a cycling estrus; Mantalenakis and Ketchel 1966; 
Smart and Dobbing 1971). 

Prior to parturition, we noted when each female first appeared 
pregnant and built a nest, and we recorded the location of the 
nest. At parturition, we recorded the date of birth and the size 
of each litter. Daily observations were made to determine the 
number of pups alive on each postpartum day, the number of 
pups nursed by each female, and the location of the nest. In the 
event that a litter was born within 1 week of another litter, the 
pups in one litter were toe-clipped for identification. If pups sur- 
vived to weaning, i.e., to approximately 30 days of age (Calhoun 
1962; Stoloff and Blass 1983), they were weighed. In order to main- 
tain the initial population density of the environment, these pups 
were not returned to the environment. Thirty days of age also 
corresponds to the age at which pups start leaving the nest chamber 
in the wild (Calhoun 1962). 

Each triad of 2 females and 1 male remained in its assigned 
environment for a period potentially sufficient to allow each female 
to give birth to and wean 3 litters. Thus, a maximum of 54 litters 
could have been born to and weaned by the 18 females in the 
study. 

Statistical analyses. Because rats give birth to more than one pup 
per litter and because the characteristics of litter mates are likely 
to be inter-correlated, problems of independence arise when each 
pup is treated as an individual case (see Martin and Bateson 1986). 
Therefore, when appropriate, statistical tests treated the litter as 
the unit of analysis. 

Temporal data were analyzed by constructing log survivor 
plots, and statistical comparisons of the curves were made using 
the generalized Savage (Mantel-Cox; Mantel 1966). It should be 
noted that in a log survivor analysis, individuals are analyzed, 
not groups. Therefore, in this case alone, we used the pup rather 
than the litter as the unit of analysis. Similar results were obtained 
when the litter was treated as the unit of analysis and "litter death" 
was defined as the death of the majority of pups in the litter. 
Log survivor analyses, analyses of variance, and post-hoc compari- 

sons were carried out using BMDP (Dixon 1985). Percentages were 
transformed with the arcsine-root transformation to meet the as- 
sumptions of normative statistics. Summary statistics are expressed 
as mean (_+ SE). 

Results 

Every female gave bir th  to at  least 2 litters (2.4_+0.1) 
with approximate ly  1 4 p u p s  in  each litter (13.5__+ 
0.5 pups).  In  the course of  this study, 44 litters were b o r n  
and  each litter, if  it survived, was followed to weaning.  
Fifty-five percent  o f  these litters were conceived dur ing  
a cycling estrus, a nd  the remainder  were conceived dur-  
ing a p o s t p a r t u m  estrus, similar to the d i s t r ibu t ion  found  
a m o n g  wild rats (Davis and  Hall  1951). Fur the rmore ,  
59% were b o r n  when  ano the r  litter was a l ready present  
in  the nest ing env i ronmen t ,  with bir th  intervals  r ang ing  
f rom 0 to 28 days. 

Inter-litter competition 

Pup  survival  was signif icantly lower when  a litter, here- 
after referred as the °' focal l i t ter ,"  was b o r n  in  the pres- 
ence of  ano the r  litter t han  when no  other  litter was pres- 
ent  (52.6_+ 8.8% of  the pups  in  the focal litters survived 
in the presence of  ano the r  litter as compared  with 75.6_+ 
8.0% in the absence of  ano the r  l i t ter;  t = 2.672; dr= 25; 
P < 0 . 0 2 ) .  The d i s t r ibu t ion  of  survival  rates, however,  
was b imoda l ;  tha t  is, a lmost  two-thirds  of  the litters 
had survival  rates greater than  70% ; the r ema inde r  had  
survival  rates less t han  20% (Fig. 1). This suggests tha t  
the mere presence of  ano the r  litter is insufficient  to ex- 
p la in  lower pup  survival.  Therefore,  we examined  the 
effect of  the age of  the other  litter on  pup  survival.  To 
do so, we dis t inguished litters tha t  were 0-14  days old 
( m e a n =  5.9_+ 1.5 days) f rom those that  were 15-28 days 
old (mean  = 22.4 _+ l .l days). We chose 15 days of  age 
as the dividing po in t  because it is the age when  pro-  
n o u n c e d  deve lopmenta l  changes begin to occur in the 
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Fig. 1. Bimodal frequency distribution of the litter's survival rate 
(percentage of the litter surviving to weaning; total number of 
litters = 44) 



Table 1. Summary table of reproductive parameters associated with 
the presence and age of another litter in the environment 

No other litter Age of other litter 
present 

0-14 days 15-28 days 

Number of  
litters 18 12 14 

Mean (modal) 
percentage 
of litter 
surviving to . 75.6_+8.0 80.9___8.0 28.4_+11.5 
weaning (100) (100) (0) 

Age of pups 
in other litter - 5.9+ 1.5 22.4_+ 1.1 

Number of 
pups born per 
litter 12.4+_1.0 14.0+_0.8 14.5+_ 0.8 

Number of pups 
in other fitter - 10.2+_ 1.3 10.4+_ 0.9 

Values are expressed as mean+SE.  All comparisons between 
groups are non-significant except percentage of litter surviving to 
weaning: F(2,41) = 9.69; P < 0.0005, and age of pups in other litter: 
t =  -9 .17 ;  P<0.0001. See text for further discussion 
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Fig. 2. Log survivor plot of mean percent of pups alive in each 
litter on the day of birth (day 0) through day 28 postpartum for 
(1) litters that had no other litter present on day of birth, (2) 
litters that had a 0- to 14-day-old litter present on day of birth, 
and (3) litters that had a 15- to 28-day-old litter present on day 
of birth 

pups '  physiology and behavior (Alberts and Gubernick 
1983). It  is also the median age of  pre-weanling rats. 

Survival was low when focal litters were born in the 
presence of  15- to 28-day-old litters; in contrast,  when 
focal litters were born in the presence of  0- to 14-day-old 
litters, survival was comparable  to the situation in which 
no other litter was present (Table 1; one-way analysis 
of  variance: F(2,41) = 9.69; P < 0.0005). Furthermore,  
most  focal litters in which no pups survived to weaning 
were born in the presence of  15- to 28-day-old litters 
(82%, N = 1 1 ;  P_<0.001; Binomial Test). Thus, when 
two litters of  rats were born  in the same nesting environ- 
ment,  pup survival in the younger litter was reduced 
when the interval between births was large (15-28 days) 
and was unaffected when the interval was small (0-  
14 days). 

When a litter was born in the presence of a 15- to 
28-day-old litter, 50% of the focal pups died by the 
time they were 2 days of  age. An additional 19% died 
over the next 4 days, after which there was no further 
mortal i ty (Fig. 2). At the time of  death of  the focal litter, 
the older litter was at least 17 days of  age. Pups born 
in the absence of another  litter and pups born  in the 
presence of  a 0- to 14-day-old litter, on the other hand, 
exhibited a low mortal i ty rate that  extended over the 
first 14days  postpar tum,  with no further mortal i ty 
thereafter (80% survival). The survival distribution for 
pups born in the presence of 15- to 28-day-old litters 
is significantly different f rom the survival distributions 
of  the other two groups (P___ 0.0001 for each comparison,  
generalized Savage), whereas the survival distributions 
of  these other two groups are not significantly different 
f rom each other. 

It  appears that  15- to 28-day-old pups caused the 
death of  the focal litter; two-thirds of  the litters born 
in the presence of  15- to 28-day-old litters had no survi- 
vors. Our daily observations revealed that  the nests of  
78% of  these destroyed litters had been invaded by 15- 
to 28-day-old pups. Such nest invasions occurred soon 
after the focal litter was born  (mean = l .0 +_ 0.7 days) 
at which time the 15- to 28-day-old pups were found 
suckling at the teats of  the focal mother.  This often pre- 
vented the focal mother ' s  own pups f rom suckling and 
may have damaged her nipples as described by Sachs 
and Rosenblatt  (1974), thus depriving them of  milk as 
evidenced by the absence of  "mi lk  bands"  (i.e., the milk 
visible through the skin as a white band around the 
abdomen). In addition, focal pups were often found be- 
neath the 15- to 28-day-old pups while the latter were 
suckling. Whether  milk deprivation or physical t rauma 
was the pr imary cause of  death among focal pups born 
in the presence of  15-. to 28-day-old pups is unknown. 
On one occasion we observed the 15- to 28-day-old pups 
cannibalizing pups in the focal litter. 

Given the relative brevity of  our observation periods, 
we should mention that  78% is probably an underesti- 
mate of  the incidence of  nest invasion. For example, 
in one of the two cases in which none of  the focal pups 
survived to weaning, we did not  directly observe 15- 
to 28-day-old pups in the nest of  the focal mother ;  how- 
ever, we did note the absence of  milk bands in the focal 
pups, suggesting that their death was the result of  milk 
deprivation. Hereafter,  we use the phrase "inter-li t ter 
compet i t ion"  to refer to the fact of  nest invasion and 
the subsequent interaction between the two litters. 

Although the evidence for competi t ion between 15- 
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Table 2. Summary table of reproductive parameters that were not 
associated with the percentage of the litter surviving to weaning 

Mean % surviving 
to weaning Significance 

t=0.50, NS Estrous condition at conception 
Cycling estrus 64.0+ 8.4 
Postpartum estrus 58.6+_ 9.4 

Nest location 
Together 58.3 _ 12.2 
Apart 67.4+_ 7.0 

t=0.56, NS 

Correlation with Significance 
% surviving 
to weaning 

Age of mother r=0.20 F= 1.81, NS 
Weight of mother r = 0.15 F= 0.93, NS 
Gestation length r = 0.02 F= 0.01, NS 
Number of older pups present r=0.07 F=0.10, NS 
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Fig. 3. Pattern of communal nursing presented in terms of the per- 
centage of mothers that nursed the other mother's litter 

to 28-day-old litters and focal fitters is strong, it is possi- 
ble that factors other than inter-litter competit ion played 
a role in the mortali ty of  the focal pups. We were, how- 
ever, able to rule out several non-competitive factors. 
First, there was no difference in the number of  pups 
in focal fitters born either in the absence o f  another  
litter or in the presence o f  0- to 14-day-old or 15- to 
28-day-old litters, nor  were the number  of  pups in the 
0- to 14-day-old and 15- to 28-day-old litters different 
(see Table 1). 

Second, we found no evidence that sires contributed 
to the death of  focal pups. Nor  should we expect them 
to, given that male infanticide is significantly reduced 
by sexual experience and cohabitation with a pregnant  
female (Mennella and Moltz t988; Mennella t 988). Sev- 
en of  nine males sired litters that were born  under each 
of  our three conditions: no other litter, a 0- to 14-day- 
old fitter, and a 15- to 28-day-old litter present. Each 
of  these males sired litters with survival rates ranging 
from 0% to greater than 85% (mean=56.2+_5.4%).  
Furthermore,  the remaining two males that had not  sired 
litters born in the presence of  15- to 28-day-old pups 
had litters with survival rates significantly higher than 
the survival rate of  the other males' litters (86.5 +_ 8.0%; 
P <  0.05, Mann-Whitney U Test). 

Third, litter survival was not associated with the indi- 
vidual identity of  the mother.  Eight of  the 18 females 
gave birth to a fitter with a very low survival rate ( <  
20%). These litters were likely to be born in the presence 
of  a 15- to 28-day-old litter (88%, P_<0.005, Fisher's 
Exact Test). Furthermore,  7 of  these 8 females success- 
fully raised another litter to weaning (mean survival 
rate = 79.8 __ 11.2%). Females that had just successfully 
weaned a fitter (t = 0.85, NS), and those that  were carry- 
ing a viable litter postpartum ( t=  1.05, NS), were no 
different at successfully rearing pups to weaning than 

females without recent fitters. Clearly, low litter survival 
rates were not  a function of  an individual female's capac- 
ity to rear young successfnlly. 

And finally, the survival of  newborn pups was not 
affected by such standard parameters of  reproductive 
history as estrous condition, age of  mother,  weight of  
mother,  and gestation length, or by nest location and 
number of  older pups present (Table 2). We suggest, 
therefore, that when our focal young failed to survive, 
the primary cause was the social circumstances of  their 
birth, specifically the presence of  15- to 28-day-old pups. 

Communal nursing 

When a female gave birth in the presence of  a 0- to 
14-day-old litter, the nursing pattern was reciprocal. 
Specifically, both  the mothers of  the newborn litters 
(92%) and the mothers of  the 0- to 14-day-old litters 
(75%) were observed nursing the other mother 's  pups 
(Fig. 3). Moreover, the two mothers began nursing each 
other's litter at approximately the same time: the mother  
of  the newborn litter when her pups were 4.3 + 1.5 days 
old and the mother of  the 0- to 14-day-old fitter when 
the newborn pups were 4.2_+ 1.6 days old. Reciprocal 
nursing then continued for 13.4+_ 1.8 days. Hal f  of  the 
time, mothers built a single nest, either in the nest box 
(67%) or outside it (33%), and their pups formed a 
single huddle. In the remaining cases, the mother  of  the 
newborn litter nested outside and the newborn litter was 
brought inside where they also formed a single huddle. 
At the time of  the daily observation, 40% +_ 6% of  the 
pups being nursed by the mother  o f  the newborn litter 
belonged to the other mother. Likewise, 43%+_7% of  
pups being nursed by the mother  of  the older litter were 
newborns. Thus, when the age difference between a giv- 



187 

en pair of resident litters was only 0-14 days, the 
mothers shared the burden of lactation. 

In contrast, when a female gave birth in the presence 
of 15- to 28-day-old young, the nursing pattern was 
asymmetric: the mother of the 15- to 28-day-old litter 
rarely (7%) nursed newborn pups whereas the mother 
of the newborn litter often (64%) nursed both the new- 
born and the 15- to 28-day-old litter. This nursing pat- 
tern is significantly different from the reciprocal pattern 
observed when the age disparity between the litters was 
0-14 days (X2=9.87; P<_0.002). In fact, most of the 
pups being nursed by the mother of the newborn litter 
belonged to the other mother (79% + 9 %  of nursing 
pups). Just how she came to nurse both sets of young 
is readily explained by nest invasion. As already men- 
tioned, these older young literally intruded into the nest 
of the focal mother. And once in the nest, they promptly 
began to suckle, which often resulted in the death of 
the younger litter. They continued to nurse for only 
2.9_+0.7 days although they had the opportunity to 
nurse longer, given that they were weaned on average 
7 days later. 

Although we did not measure growth rate, we did 
record individual pup weights at weaning. From these 
weights two findings emerged that are worthy of men- 
tion. First, from the perspective of the focal litter, those 
that were born and survived in the presence of 15- to 
28-day-old litters tended to be heavier at weaning than 
those born in the presence of 0- to 14-day-old litters 
(86.7 _+ 5.9 g vs 73.2_+ 3.8 g). There were no differences 
in the size of surviving litters at weaning to confound 
this comparison (t-- 0.02, NS). There were, however, sex 
differences in weaning weights. Thus, males and females 
were analyzed separately to control for the sex difference 
(analysis of variance: age of older pups, F=4.12,  P_< 
0.06; sex of pups, F =  23.01, P < 0.0002; interaction, F =  
0.75, NS). Presumably, a 15- to 28-day-old litter suckling 
at the teats of the focal mother provided a stronger suck- 
ling stimulus than a 0- to 14-day-old litter, thereby in- 
creasing the milk supply of the focal mother. And sec- 
ond, from the perspective of the older litter, those pups 
that were 0-14 days old when the focal litter was born 
tended to weigh more at weaning than those that were 
15-28 days old because, as stated above, the former were 
more likely to be nursed reciprocally and reciprocal 
nursing enhances milk supply. In contrast, 15- to 28-day- 
old pups were rarely nursed reciprocally because their 
mothers rarely nursed newborn young (see Fig. 3). As 
expected, the weaning weights of male pups were higher 
in those litters that were 0-14 days older than the focal 
litter than those that were 15-28 days older (90_+ 5 vs 
80 _+ 4 g); the same was true for the female pups at wean- 
ing (84 _+ 4 vs 73 _+ 4 g; analysis of variance: age of older 
litter, F =  4.5, P_< 0.05; sex of pups, F =  44.0, P _< 0.0001 ; 
interaction, F--0.89, NS). 

Birth cycle synchrony 

We have distinguished three conditions in which focal 
litters were born: in the absence of another litter, in 

the presence of 0- to 14-day-old litters, or in the presence 
of 15- to 28-day-old litters. We now need to determine 
the relationship between these three conditions and the 
degree of synchrony between their mothers' birth cycles 
in order to interpret our results on inter-litter competi- 
tion and communal nursing in terms of birth cycle syn- 
chrony. 

A birth cycle is the interval between successive births, 
including the intervening lactation, conception and'preg- 
nancy (birth cycle length= 35.3 + l .8 days). Thus, the 
birth of a given litter represents the end of one birth 
cycle and the beginning of the next. We quantified birth 
cycle synchrony in terms of the proportion of the other 
female's birth cycle that had elapsed on the day that 
a given litter was born. When females gave birth in the 
presence of 0- to 14-day-old litters, only 2 1 % + 7 %  of 
the other female's birth cycle had elapsed (Fig. 4). Thus, 
these birth cycles were Synchronized, with the birth cycle 
of the focal litter's mother phase delayed (i.e., the new- 
born litter was born slightly later than the other litter). 
When females delivered without another litter present 
in the environment, only 19% _ 6% of the other females' 
birth cycle remained before her next birth (Fig. 4). These 
birth cycles were also synchronized, but the birth cycle 
of the focal litter's mother was phase advanced (i.e., 
the focal litter was born slightly before the other 
mother's litter and after she had weaned her previous 
litter). Therefore, the seemingly disparate conditions of 
giving birth in the presence of 0- to 14-day-old litters 
or in the absence of another litter are in fact the same 
situation, but seen from the different perspectives of the 
two mothers (Fig. 4). 

S y n c h r o n o u s  B i r t h  C y c l e s  

Female 1 

Female 2 
B 

B 

A s y n c h r o n o u s  B i r t h  C y c l e s  

Female 1 ~ 
B 
, 

Female 2 
B B 

Fig. 4. Relationship between birth cycle synchrony and the age 
of pups present in the environment when the focal litter was born. 
Each female has a birth cycle time line indicating the birth of 
her litter (B) and the subsequent nursing period (horizontal bar). 
Synchronous birth cycles: female l°s birth cycle is phase delayed 
and she gives birth when female 2's pups are young, 0-14 days 
of age (indicated by the first arrow). Female 2's birth cycle is phase 
advanced and she gives birth after the other female's litter has 
been weaned, when there is no other litter in the environment 
(indicated by the second arrow). Asynchronous birth cycles: fe- 
male 1 gives birth when female 2's litter is older (15-28 days of 
age, indicated by the third arrow), and she is likely to loose her 
newborn litter through inter-litter competition 
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In contrast, when females gave birth in the presence 
of 15- to 28-day-old litters, the other female was midway 
through her birth cycle (Fig. 4). Birth cycles were signifi- 
cantly more asynchronous when 15- to 28-day-old litters 
were present than when 0- to 14-day-old litters were 
present (t=2.18, P<0.04)  and tended to be more asyn- 
chronous than when no other litter was present ( t= 1.8, 
P<0.10). 

As expected, pup survival was high when cycles were 
synchronized (either phase advanced or phase delayed 
relative to the other females birth cycle) and low when 
the birth cycles were asynchronous (a second order cur- 
vilinear relationship between pup survival and degree 
of synchrony: r = 0.52, P < 0.05). 

When a female gave birth in the presence of a 15- 
to 28-day-old litter and lost her entire litter, she soon 
returned to estrus and became pregnant. This reduced 
the age difference between her next litter and the next 
litter of  the other female (reduction in birth interval= 
12.3+_4.8 days). In those few cases in which a newborn 
litter survived in the presence of a 15- to 28-day-old 
litter, the age difference between the subsequent litter 
of the focal female and that of the other female did 
not change (reduction in birth interval =0.0 +_ 1.0 days, 
P < 0.05, Mann-Whitney U Test). Thus, inter-litter com- 
petition °' resynchronized" asynchronous birth cycles. 

Discussion 

When females occupying the same environment gave 
birth asynchronously, that is, 15-28 days apart, the 
younger pups were likely to die owing to nest invasion 
by the older pups. Rat young, when they reach 15 days 
of age, have open eyes and are sufficiently mobile to 
explore their environment (Alberts and Gubernick 1983; 
Smart and Dobbing 1971). At the same time, the milk 
supply of their mother begins to diminish (Babicky et al. 
1970; Keen et al. 1981), and their mother begins to avoid 
suckling (Rosenblatt 1965). Thus when the opportunity 
is present, young between 15 and 28 days will often enter 
the nest of another female and attempt to suckle. If 
that mother has recently given birth, her newborn young 
are almost always displaced from the nipple, and either 
because of milk deprivation, physical trauma, or both, 
they eventually die. 

Preweanling litter loss in rodents is known to be an 
important factor in population dynamics and life history 
(Hoffmann 1958). Whole-litter loss may result from the 
death of the mother or from predation (Hoffmann 1958), 
whereas partial-litter loss may reflect the manipulation 
of litter size by the mother (McCture 1981) or toss due 
to an "inherent weakness or disease in some of the 
young" (Hoffmann 1958). The present study is the first 
to demonstrate death from inter-litter competition in ro- 
dents and suggests that such competition may be an 
important factor influencing pup survival. 

There are several strategies that could reduce the in- 
cidence of inter-litter competition. First, a given female 
could build her nest far from females nursing 15- to 

28-day-old pups (see also Brown 1986; Calhoun 1962). 
Second, she could physically defend her young from in- 
vasion by older pups. Surprisingly, neither of these stra- 
tegies was observed in the present experiment, although 
the opportunity existed. And finally, two or more fe- 
males could give birth synchronously and thus reduce 
risk of inter-litter competition. The results of the present 
study suggest that when birth cycles are synchronized, 
inter-litter competition is indeed reduced. 

When females give birth synchronously, that is with- 
in 0-14 days of each other, there is a high rate of litter 
survival. It is also noteworthy that litters born synchron- 
ously are usually collected in a common nest and nursed 
reciprocally. Such mutualism among females may have 
several advantages for their young. First, when young 
are living with more than one adult female, they are 
likely to have an adult female nearby to provide defense 
against predators (Bertram 1975; Boinski 1987; Mac- 
Donald et al. 1987; Sayler and Salmon 1971). Second, 
communal nursing may increase the probability of  a giv- 
en litter surviving in the event its mother dies (Hoffmann 
1958; Sayler and Salmon 1971; Zimmerman 1974). 
Third, communal nursing may increase the efficiency 
of food-gathering and time utilization of their mothers, 
freeing energy for milk production (Bertram 1975; Rud- 
nai 1973; Schaller 1972). Fourth, communal nursing 
may increase, and indeed did increase, the growth rate 
of preweanling young, presumably by increasing the 
milk supply of each reciprocally nursing mother (Sayler 
and Salmon t969, 1971). And finally, communal nursing 
may also affect the thermoregulatory efficiency of the 
huddle (Alberts and Gubernick 1983). This is the first 
detailed study of communal nursing in the Norway rat, 
although it has been suggested by earlier reports (Cal- 
houn 1962; Leslie et al. 1951) and reported also for other 
rodents (Gurski and Scott 1980; Sayler and Salmon 
1971). 

To our knowledge, the only papers in the literature 
that describe the effect of birth synchrony and inter-litter 
competition on litter survival are on the lion (Bertram 
1975; Rudnai 1973; Schaller 1972). The social factors 
influencing reproduction in this species are similar to 
those reported herein for the rat. Specifically, pre-wean- 
ling lion cubs are more likely to die when born in the 
presence of 7- to 12-month-old cubs, owing presumably 
to unequal competition at the teat (Rudnai 1973). In 
addition, the survival rates of litters born synchronously 
is higher than for litters born asynchronously (Bertram 
1975). 

In discussing possible mechanisms underlying birth 
synchrony within a pride, Bertram (1975) noted that at- 
though lionesses show estrous synchrony, estrous syn- 
chrony alone cannot account for birth synchrony (see 
also Packer and Pusey 1983a, b). Nor indeed does it 
appear to be the sole determinant of birth synchrony 
in other mammals and birds (Bronson 1985; Darling 
t938; McClintock 1981, 1983 b). For example, birth syn- 
chrony may occur when females in a group respond con- 
currently to such changes in the enviromnent as day 
length (Hoffman 1973; van Horn 1975), temperature 
(Heroux et al. 1959), rainfall (Jones 1980), and food 
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ava i lab i l i ty  (Jones 1980; L a c k  1968; Lancas t e r  and  Lee 
1965). Mechan i sms  c o n t r i b u t i n g  to  b i r th  synch rony  m a y  
also include social  or  p h e r o m o n a l  cues p r o d u c e d  ei ther  
by  b reed ing  females  or  by  males  l iving wi th in  the g roup  
(Boinski  1987; G u d e r m u t h  et al. 1984; K u m m e r  1968; 
M c C l i n t o c k  1981, 1 9 8 3 a - c ;  Wal l is  1985, 1989; Wal l is  
et al. 1986). In  add i t ion ,  behav io r a l  in te rac t ions  wi th in  
the g r o u p  m a y  resul t  in b i r th  synch rony  as when,  in 
the p resen t  s tudy,  loss o f  a n e w b o r n  l i t ter  f rom inter-  
l i t ter  c o m p e t i t i o n  helps  resynchron ize  b i r th  cycles. Al -  
t h o u g h  there  a re  u n d o u b t e d l y  diverse  mechan i sms  gen- 
e ra t ing  b i r th  synchrony ,  the  p resen t  s tudy  suggests  t ha t  
the d i s advan t ages  o f  in ter - l i t te r  c o m p e t i t i o n  and  the ad-  
van tages  o f  c o m m u n a l  nurs ing  have  been  selective forces 
in the  evo lu t ion  o f  b i r th  synchrony .  
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