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Abstract. Under laboratory conditions, communal nurs-
ing among familiar and closely related female house mice
(Mus domesticus) improved lifetime reproductive success
compared to females réaring litters alone or females liv-
ing with a previously unfamiliar, unrelated partner (re-
productive success was measured within an experimental
“lifespan” of 6 months, standardized as 120 days after
mating at the age of about 2 months). An analysis of the
contribution of three multiplicatively combined compo-
nents to variation in reproductive success among breed-
ing females revealed that, in all three social groups, sur-
vival of young until weaning contributed most to differ-
ences in lifetime reproduction (46-64% of the total vari-
ance). Females living with a sister had a significantly
higher probability of reproducing successfully than fe-
males in the other groups, and also reared significantly
more litters communally than females sharing nests with
an unrelated partner. Weaning probabilities of young
were highest in litters cared for by sisters and lowest in
nests of unrelated females. Young were found dead either
directly after birth (within the first 2 days of lactation) or
after they had been cared for and nursed for at least 1
day. The loss of an entire litter typically occurred directly
after birth. In monogamous females rearing litters alone
the death of almost all young coincided with such early
entire-litter mortality. In polygynous groups, however,
offspring died at an older age and more litters suffered the
loss of some young. Still, rearing young with a sister im-
proved survival directly after birth and fewer litters were
lost entirely in comparison with females in the other
groups. In polygynous groups, pregnant females were ob-
served to kill some of their partner’s dependent young
shortly before they gave birth themselves. As a conse-
quence, indtvidual young had reduced survival when they
were firstborn in a communal nest (another litter was
born within 16 days). Analyzed over a lifetime, commu-
nal care among familiar and closely related female house
mice seems to be an adaptation to maximize the survival
of offspring until weaning.
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Introduction

For many organisms conspecifics are a major environ-
mental factor not only as mating partners but also be-
cause they are partners in cooperative and competitive
interactions (for recent work on benefits and costs of
group living see e.g. Meoller 1987; Mumme et al. 1988;
Packer et al. 1990; Creel and Creel 1991; Wilkinson
1992). Competition for limited resources among con-
specifics living in the same group is thought to oppose the
evolution of cooperative behaviour, especially if fitness
costs are involved for the cooperating individual (in
terms of reduced future reproduction; see Hamilton
1964).

Communal nursing in house mice (Mus domesticus) is
a prominent example of cooperative behaviour in mam-
mals. House mice live in small reproductive units, con-
sisting of a dominant male and one or several adult fe-
males with their offspring (Crowcroft and Rowe 1963;
Reimer and Petras 1967; Selander 1970; Lidicker 1976;
Mackintosh 1981). Females that share nest sites are likely
to be related because daughters often stay and reproduce
in their parental territory (Petras 1967; Pennycuik et al.
1986), but immigration of young, presumably unrelated,
females into established groups has also been observed
(Anderson 1965; Reimer and Petras 1967; Selander 1970;
Baker 1981; Bronson 1983). Within the same breeding
group females often rear their litters in communal nests
(Southwick 1955; Crowcroft and Rowe 1963; Sayler and
Salmon 1969; Gandelman et al. 1970; Werboffet al. 1970;
Baker 1981) and indiscriminately nurse both their own
and alien young if litters are less than 10 days apart in age
(Konig 1989).

The energy cost of lactation in house mice is high. To
wean a litter of seven to eight young, a female has to
produce approximately 100 g of milk of an energy equiv-
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alent of 1100 KJ over a lactation period of 22 days
(Ko6nig et al. 1988). The amount of investment through
milk influences the future reproduction of both a female
and her young. The larger the litter size and the longer
the lactation period, the more delayed is the next repro-
duction event (Fuchs 1981, 1982). For the offspring, on
the other hand, weaning weight increases with the
amount of milk received which improves future repro-
duction (DeFries and McClearn 1970; Fuchs 1981; Sin-
gleton and Hay 1983). Because of such high parental in-
vestment, females should preferentially invest in their
own offspring and not provide milk to other young at a
cost to their own offspring.

As a first step in determining why female house mice
cooperate during provisioning of young, the fitness con-
sequences of nursing litters alone and communally with a
female partner of a different degree of relatedness and
familiarity were analyzed under laboratory conditions (a
male was always present in each breeding group; Konig
1989, 1993). Females nursing communally with a familiar
sister weaned significantly more young within a stan-
dardized “lifespan” of 6 months than females rearing lit-
ters alone. Females sharing a nest with a previously unfa-
miliar, unrelated female weaned an intermediate number
of offspring. These data predict that female house mice
should preferentially cooperate with a (familiar) relative,
which is supported by the observation of genetic assort-
ment among reproducing, communally nesting females in
a field study (Wilkinson and Baker 1988). Furthermore,
Manning et al. (1992) observed that female house mice
under semi-natural conditions showed preferences for
MHC-similar partners for communal nursing (similarity
in the MHC correlates with genetic relatedness;
Beauchamp et al. 1986).

The problem of separating between effects due to ge-
netic relatedness and due to familiarity during juvenile
development on a female’s reproductive success in
polygynous groups is analyzed and discussed elsewhere
(Konig in press). The purpose of this paper is, first, to
determine the extent to which different components of
lifetime reproductive success contribute to variation in
breeding success among females in monogamous pairs
and polygynous groups with familiar sisters or previously
unfamiliar, unrelated females; and second, to compare
the determinants of breeding success in these different
social groups. Although the variance of individual com-
ponents is not a measure of adaptation but of the oppor-
tunity for selection (see Crow 1958; Arnold and Wade
1984), such an investigation might help to determine why
" familiar sisters have such a high weaning success. For a
recent discussion of how partitioning the variance in
breeding success is helpful in understanding behaviour
see Brown (1988), Clutton-Brock (1988a) and Grafen
(1988).

Methods

The experimental animals were the first filial generation of wild-
trapped house mice (Mus domesticus Schwarz and Schwarz). All
experimental animals were born in the laboratory and kept under
standardized conditions (22+2°C; 55+10% relative humidity;

12:12 L:D cycle, light on at 0800 hours). Food and water were
always available ad libitum. At the age of 6-8 weeks females were
assigned at random to one of the following social groups:
1.Monogamous (MON): 1 female kept alone

2.Polygynous pairs of familiar sisters (RELATED): two full sisters
that had never been separated from each other were kept together.
3.Polygynous pairs of previously unfamiliar, unrelated females
(UNRELATED): two females reared apart and from parents that
had been trapped at different sites 2-15 km apart (and thus assumed
not to be closely related) were kept together.

One week later an unrelated adult male was introduced into
each breeding group. This timing will be referred to as the time of
“mating”. For a more detailed description of cage sizes, procedure
of introduction of the male to the female(s), and of female age and
weight at the time of mating see Konig (1993). After mating, each
breeding group was kept for at least 5 months and was checked
daily for litters and any other occurrences. The day a litter was first
seen is referred to as day 1 of lactation. Litters were removed from
a breeding group when they were 28 days old.

Numbers and weight of offspring born and weaned and weight
of the females in the three different social groups are described in
Konig (1993). Because of missing data, not all breeding groups
could be used for the analyses presented here. For the purpose of
this paper, sample sizes were as follows: MON females, n = 20;
RELATED females, n = 20 pairs of sisters (40 females); UNRE-
LATED females, n = 22 pairs of unrelated females (44 females).

Lifetime reproductive success of females in the three different
social groups was measured as the number of offspring weaned
within an experimental “lifespan” of 120 days after mating at the
age of about 2 months. Weaning in house mice begins at day 17 of
lactation when young shift to solid food but still get some milk from
the mother, and is completed after 20-23 days (small litters are
weaned earlier than large ones; Kénig and Markl 1987). Under
laboratory conditions, mortality of young is negligible after the age
of 17 days. A “lifespan” of 6 months simulates the life cycle of a
female that is born in the spring, survives until maturity, reproduces
during the summer, and dies in autumn or during the next winter.
This seems realistic for female house mice that have survived the
period of high juvenile mortality under natural conditions (Berry
1971, 1981b; Pennycuik et al. 1986).

In the polygynous breeding groups females always pooled de-
pendent litters in a communal nest. Weaned young also continued
to rest and sleep in the same nest as much younger litters. Two
litters were considered to be communally nursed if they spent at
least 7 days in the same nest before the older one was weaned.
Litters were considered to be reared solitarily if they were born
either in the absence of another litter or in the presence of a litter
aged 17 days or more and if the mother’s female partner did not give
birth to another litter within the next 16 days.

Partitioning of the variation in lifetime reproductive success of
breeding females (that produced at least one litter within the exper-
imental “lifespan”) was performed following Brown (1988). This
method utilizes an exact relationship between the variance of life-
time reproductive success and the variances and covariances of its
components. Lifetime reproductive success was broken down into
three multiplicatively combined components: (i) number of litters
produced within a “lifespan” (L), (ii) mean litter size (1), and (iii)
survival probability of young born (S; proportion of offspring
reaching an age of 17 days within 120 days after mating of the
mother). The first step is to calculate the variances of all compo-
nents and their products after the individual variables have been
divided by their means (G-values). To facilitate interpretation, G-
values are expressed as a percentage of the overall product of the
scaled components (Lx YxS), yielding the percentage of WLYS) ac-
counted for by the individual variables or their products. LYS)
can be further broken down into the independent contributions of
each single component and additional contributions of the products
of each combination of components in excess of the sum of the
respective single component contributions.

For statistical analysis, independent sample sizes are the num-
bers of different breeding groups (in polygynous breeding groups



the mean of both females was used). The only exceptions were
numbers of successful versus unsuccessful females and the evalua-
tion of correlations between groups of data, in which the indepen-
dent sample size was the number of different females. To compare
the three social groups, Mood’s multisample median test was used
(Zar 1984), since breeding success and its components were typically
not normally distributed and were heterogenous in their disper-
sions. In case of a significant difference between the three social
groups, data sets were tested pairwise with a Tukey-type multiple
comparison test among medians (Zar 1984). For clarity, only statis-
tically significant differences between pairs are given in the results.
Differences were regarded as significant for two-tailed error proba-
bilities of P<0.05. For error probabilities P<0.10 (marginal signif-
icance) a trend was indicated. Means are followed by standard er-
rors.

Results
Variation in lifetime reproductive success among females

The means and variances of the lifetime reproductive suc-
cess of females in the different social groups are given in
Table 1. Not all females reproduced within the experi-
mental “lifespan”: 10% of the monogamously paired fe-
males (MON) failed to produce young, 5% of the females
living with a familiar sister (RELATED), and 20% of the
females living with a previously unfamiliar unrelated
partner (UNRELATED) were nonbreeders. All MON
and RELATED females survived until the end of the
experiment. In the group of UNRELATED partners,
however, 14% of the females (6 females in 6 out of 22
pairs) died due to female-female aggression on average 52
days after mating (range: 40-63 days). Three of these fe-
males had produced a litter before dying but none of the
young survived. The fact that some females failed to re-
produce reduced the mean lifetime reproductive success
of MON females by 1.25 offspring (in comparison to the
mean for the breeding females), that of RELATED fe-
males by less than 1 young (0.77) and that of UNRE-
LATED females by almost 3 young (2.73). Accordingly,
the contribution to the total variance in lifetime repro-
ductive success by nonbreeding females was approxi-
mately twice as high in UNRELATED than in RELA-
TED or MON females (Table 1).
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Table 2. Means and variances of the individual components and the
products of the lifetime reproductive success of reproducing female
house mice in 3 different social groups. The means and variances of
the product of Lx¥xS differ slightly from the values given in Table
1 which are based on counting number of offspring weaned. G,
variances of components and products after individual components
have been divided by their means; G’, G expressed as percentage of
W LxYxS) (Brown 1988); L, number of litters born within 120 days
after mating; Y, mean litter size at birth; S, survival probability of
young born

Social group Com-  Mean Variance G G
ponent
MON L 2.78 1.01 0.130 17.0
n =18 Y 6.67 2.80 0.063 82
S 0.66 0.15 0.351 45.7
LxY 19.27 97.29 0.283 37.0
LxS 1.77 1.45 0.431 56.2
YxS 4.36 8.41 0.433 56.5
LxYxS 1249 114.86 0.766  100.0
RELATED L 321 0.60 0.058 250
n = 38 Y 7.26 2.08 0.039 16.8
S 0.64 0.06 0.150 64.1
LxY 23.46 52.75 0.097 414
LxS 2.08 0.85 0.202 86.3
YxS 4.72 421 0.194 83.0
LxYxS 1535 52.26 0234  100.0
UNRELATED L 3.37 1.24 0.109 24.1
n =35 Y 6.85 221 0.047 104
S 0.57 0.07 0.223 492
LxY 23.68  103.30 0.194 42.8
LxS 2.04 1.12 0.303 67.0
YxS 3.93 4.39 0.288 63.6
LxYxS 1441 78.41 0453  100.0

For the breeding females, lifetime reproductive success
was broken down into the three components L (number
of litters produced), Y (mean litter size), and S (survival
probability of young born) following Brown (1988). The
means and variances of the components and their prod-
ucts are given in Table 2. Most individual components of
breeding success were not significantly interrelated
(Table 3). Only for MON and UNRELATED females
was there a significant positive correlation between num-
ber of litters produced and mean litter size. The full parti-

Table 1. Lifetime reproductive success

(LRS; given as means and variances of the  Social LRS for nof Breeders Contribution to total variance by:
number of offspring weaned within 120 group total Non-

days after mating) of female house mice sample  breeders n LRS Breeders Nonbreeders®
living monogamously (MON) or poly-

gynously either with a familiar sister MON 11.25 2 18 1250 88.0% 12.0%
(RELATED) or with a previously unfamil- 117.46 114.73

iar, unrelated female (UNRELATED). RELATED 14.57 2 38 1534  81.6% 18.4%

LRS is given for all females within each 60.97 52.18

social group (total sample) and for the UNRELATED 1165 9 35 1438 67.1% 32.9%

females who produced at least one litter 96.09 79 46

(breeders)

# The contribution to total variance by breeding and nonbreeding females was calculated
according to Brown 1988 (p 448) as p{LRS)+ p(1 —p)LRS? (the proportion of breeders is
given by p = Myreeders/(Moreeders T Fnonbreeders)s the first term in the equation is the proportion
due to variation among breeding females, the second term is the proportion of the overall
variation due to failure to breed by some females
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Table 3. Correlations between the components of breeding success
in females in 3 different social groups. L, number of litters born
within 120 days after mating; Y, mean litter size at birth; S, survival
probability of young born

Social group L Y
MON Y 0.4727%

n =18 S —0.2864 —0.0482
RELATED Y 0.0937

n =38 S 0.1366 0.1142
UNRELATED Y 0.3338*

n =35 S 0.2302 —0.0354

* P<0.05 (Spearman rank correlation)

Table 4. Percentage contribution of the three components of lifetime
reproductive success (LRS) and their interactions to variation in
LRS of reproducing females in 3 different social groups. Contribu-
tion to MLYS)ALYS)?: the diagonals give the single-component
contributions (G” in Table 2), and the off-diagonal elements give the
joint-variation terms corresponding to row and column labels.
LxYxS, Joint-variation term for variation between the 3 compo-
nents. Data are expressed as a percentage of M{Lx YxS) (see Table 2).
L, number of litters born within 120 days after mating; ¥, mean
litter size at birth; S, survival probability of young born

Social Component L Y S

group

MON L 17.0

n =18 Y 11.8 82
S —6.5 2.6 45.7
Lx¥xS 212

RELATED L 250

n = 38 Y —04 16.8
S -2.8 2.1 64.1
Lx¥xS —458

UNRELATED L 24.1

n = 35 Y 83 10.4
S —6.3 4.0 49.2
Lx¥xS§ 10.3

tioning of the variance in lifetime reproductive success
(Table 4) shows that variation in offspring survival be-
tween breeding females made the largest contribution in
all three social groups. Covariation in L and Y (signifi-
cant positive correlation, Table 3) contributed 12% to the
variance in MON females and 8% in UNRELATED
.ones. All other joint-variation terms were small and the
component variables in the product varied fairly inde-
pendently of each other.

Comparison of the components of lifetime reproductive
success

For statistical analyses of the components of breeding
success, each pair in the polygynous groups (RELATED
or UNRELATED) is represented by the mean of both
females or, in pairs where only one female reproduced, by
the value of the breeding female. The resulting means in
the three social groups differ only slightly from the ones

0.51

Survival

0_

MON RELATED

UNRELATED

Fig. 1. Offspring survival probabilities (mean + SE) of females living
monogamously (MON; n = 18) or polygynously with either a fa-
miliar sister (RELATED; n = 20 pairs) or a previously unfamiliar
unrelated female partner (UNRELATED; n = 19 pairs). Survival
was measured as the proportion of offspring weaned for all litters
born within 120 days after mating of the mother. Different indices
(a, b) above columns refer to significant differences between groups
of data

evaluated for individual breeding females given in Table
2.

Breeding females in the 3 social groups did not differ
significantly in mean litter size or in the survival of young
within 120 days after mating (Y: y%, = 046, ns; S:
¥%, = 2.19, ns). There was a trend for breeding polygy-
nous females to produce more litters than monogamous-
ly paired females (y%, = 4.88, P<0.10). The number of
females which reproduced successfully within “lifespan”
differed significantly between the social groups: 95% of
the RELATED females were successful in weaning
young in comparison to 70% of the MON and 73% of
the UNRELATED females (y2, = 8.36, P <0.05; multi-
ple comparisons: RELATED vs. MON: P <0.01 and vs.
UNRELATED: P<0.01).

Survival of young in different social groups

According to Table 4, survival of young is the single com-
ponent with the highest contribution to variation in life-
time reproductive success among females. In the data
presented so far offspring were only considered as “sur-
viving” if they reached a minimum age of 17 days within
120 days after mating of the mother. Due to this criterion
almost every second female “lost” her entire last litter
during lifespan (MON: 28% of the females, RELATED:
50%; UNRELATED: 51%; y?, = 3.07, ns). To test
whether the social group had an influence on the survival
of young irrespective of a standardized “lifespan”, mean
weaning data were evaluated for all litters born within
the experimental period. Because all groups were kept for
at least another month after the period of 120 days after
mating, the actual fate of the last litter was known. Sur-
vival probabilities differed significantly between the so-
cial groups (y% = 6.79, P <0.05; Fig. 1) with the highest
weaning success reached by RELATED females and the
lowest by UNRELATED ones (RELATED vs. UNRE-
LATED: P<0.05).

Of the MON females, 39% did not suffer any loss of
young within “lifespan”. In polgynous breeding groups,
however, significantly fewer females weaned all of their
offspring (RELATED: 24%, UNRELATED: 9%;
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Fig. 2. Percentage of litters born to females living monogamously
(MON) or polygynously with either a sister (RELATED) or an unre-
lated female (UNRELATED) which did not suffer any loss of young
until weaning (no loss), which were partially lost (partial loss), and
which were entirely lost before weaning (total loss). Sample sizes as
in Fig. 1

¥, = 6.64, P<0.05, no significant difference between
RELATED and UNRELATED). On average, cach fe-
male weaned 1.6 litters without the loss of any young
(Fig. 2; no significant difference between social groups:
¥%, = 0.42, ns). The number of litters in which some
young died before weaning, however, was significantly
lower for MON than for RELATED or UNRELATED
females (x%, = 9.15, P<0.05; MON vs. RELATED:
P <0.05 and vs. UNRELATED: P <0.05). The number
of litters which were lost entirely, on the other hand, was
lowest for RELATED females (3%, = 10.03 P<0.01;
RELATED vs. UNRELATED: P <0.01; see Fig. 2). Off-
spring survival was independent of the number of young
per female. In none of the three social groups was there a
significant correlation between survival probability of a
litter and either mean litter size (MON: Spearman r, = —
0.1137,n = 18, ns; RELATED: r, = 0.0525, n = 38, ns;
UNRELATED: r, = -0.0393, n = 34, ns) or total num-
ber of offspring born per female (MON: r, = —0.1337,
n = 18, ns; RELATED: r, = -0.0782, n = 3§, ns; UN-
RELATED: r, = 0.1689, n = 34, ns).

Age of young at death

Two types of mortality of young were observed. First,
pups died directly after birth. Newborn pups or entire
litters were found outside the nest, often still in the amni-
otic sac with the placenta attached (female house mice
usually lick and clean the pups directly after birth). Such

279

pups were not retrieved or nursed by the mother and
were found dead (sometimes partially eaten) on day 1 or
2 of lactation. The second type of mortality occurred
after pups had been nursed in the nest for at least 1 day.
Single dead and partially eaten pups were found outside
the nest, typically with wounds in the neck region and on
the back. On five occasions the following behaviour was
observed in different polygynous groups (RELATED
and UNRELATED). A highly pregnant female (14 days
before giving birth) picked up a pup from the top of the
litter of her partner, carried it away from the nest, licked
the pup vigorously on the back and finally killed it by a
couple of bites in the neck region. The entire sequence
lasted between 40 s and 2 min.

In litters of MON females 87% of all pup deaths prior
to weaning were due to entire litter mortality. RELA-
TED females, however, lost most of their young due to
partial-litter mortality (75%) and UNRELATED fe-
males lost equal portions due to entire- (53%) and par-
tial-litter mortality (47%). The age at which offspring
died (defined as the day of lactation at which a corpse was
found) was lower for young of MON females than for
young of RELATED or UNRELATED females (Fig. 3,
“overall”; %, = 7.34, P<0.05; MON vs. RELATED:
P <0.01 and vs. UNRELATED: P<0.10). In the same
figure, age at death of young is shown separately for lit-
ters which were lost entirely and for litters which were
only partially lost before weaning. Offspring died on av-
erage at an age of 240.3 days in litters which were lost
entirely (x% = 2.39, ns). In litters with partial loss of
young, however, offspring were significantly older at
death in the polygynous breeding groups than in the
monogamous ones (2, = 6.51, P<0.05; MON vs. RE-
LATED: P<0.05 and vs. UNRELATED: p = 0.10).
The oldest age at which an offspring was found dead was
17 days in a breeding pair of sisters and 16 days in a pair
of unrelated females. For monogamously paired females,
however, the oldest age at death of a pup was day 5 (only
8 out of 86 offspring were older than 2 days when found
dead).

RELATED females reared a significantly higher pro-
portion of litters in communal nests than UNRELATED
females (y?;, = 13.24, P <0.01). In breeding groups of sis-
ters, 74% of the litters were reared in a communal nest
and 20% in the absence of another litter (6% of the litters
did not survive until weaning). Pairs of unrelated females
reared 56% of their litters communally and 27% solitar-

B overan

- partial loss total loss

Age at Death (Days)
w
1

Fig. 3. Age at death of young born to females living mono-
gamously (MON; n = 18 females) or polygynously with either
a sister (RELATED; n = 20 pairs) or an unrelated female
(UNRELATED; n = 19 pairs). Means (+SE) are given for all
offspring lost (overall) and separately for litters which were
lost partially (partial loss) or entirely (total loss). Different in-
dices (a, b) above columns refer to significant differences
between groups of data
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Fig. 4A, B. Mean (+ SE) survival probabilities of litters in polygy-
nous social groups (either pairs of familiar sisters, RELATED, or
pairs of previously unfamiliar, unrelated females, UNRELATED). A
Survival is shown for litters which were followed within 16 days by
a newborn litter of the partner female (firstborn litters in a commu-
nal nest) and for litters which were reared in the absence of a
younger litter (other; such litters might be either secondborn litters
in a communal nest or litters reared solitarily). B Survival of litters
which were born in a nest with older young present (less than 17
days old at day of birth; such litters are secondborn litters in a
communal nest) and of litters reared in the absence of older nest-
mates (other; either firstborn litters or litters reared solitarily). Dif-
ferent indices (a, b, ¢) above columns refer to significant differences
between groups of data

ily (17% of the litters died). Litters in communal nests
differed in age on average by 7.8 days (RELATED:
7.54+09d, UNRELATED: 8.2+1.04d; z = —0.4604, ns).
To test whether the birth of another litter affected the
survival of dependent young, mean values of survival
probabilities were evaluated per female for litters which
were followed within 16 days by a newborn litter of the
partner female (such litters are firstborn litters in a com-
munal nest), and for litters which did not fulfil that crite-
rion (either secondborn litters in a communal nest or
litters which were reared solitarily in a polygynous breed-
ing group). Both in RELATED and UNRELATED fe-
males survival probabilities of such “firstborn” litters
were significantly lower than for the “other” litters (each
pair of females is represented by the average of their
means for firstborn and other litters; Wilcoxon matched
pairs signed rank test: RELATED: T= 21, n =18,
P<0.01, UNRELATED: T= 25 n= 16, P<0.05;
Fig. 4A). The presence of a litter less than 17 days old had
no significant influence on the survival probability of a
newborn litter in UNRELATED females (Wilcoxon:

T=139, n=13, ns; Fig. 4B). In RELATED females,
however, offspring survival was significantly improved by
the presence of older but still dependent young in the
communal nest (T = 33, n = 18, P <0.05).

Discussion

Under laboratory conditions, female house mice maxi-
mize lifetime reproductive success by choosing a familiar
sister for communal care of their litters rather than rear-
ing litters alone or with a previously unfamiliar, unrelat-
ed partner (Konig 1989, 1993). These differences in breed-
ing success are insignificant at the level of single repro-
ductive events but accumulate to become significant at
the level of lifetime reproduction. This might explain why
Manning et al. (1992), who described similar numbers of
pups born to communally and singly nesting female
house mice, excluded improved reproductive success as a
function of communal nursing. An analysis of the com-
ponents of lifetime reproductive success and their contri-
butions to variance in weaning success should allow
identification of those components which are most influ-
ential for breeding success. Females differed within and
among the different social groups only insignificantly in
terms of number and size of litters produced within an
experimental “lifespan” (120 days after mating with a
male at the age of about 2 months). A more pronounced
difference, however, was revealed for survival probabili-
ties of young until weaning which contributed with 46—
64% to differences in lifetime reproductive success
among females. In this respect female house mice are sim-
ilar to many other mammalian and avian species in
which individual differences in offspring survival are the
most important component of variation in lifetime repro-
ductive success among breeding females (see Clutton-
Brock 1988b).

A comparison of reproductive behaviour in the differ-
ent social groups revealed that a female’s probability of
reproducing and successfully weaning offspring was sig-
nificantly improved in pairs of familiar sisters (RELA-
TED) compared to females in the other groups. The con-
tribution to variance in reproductive success due to non-
breeding females was highest in females living with a
previously unfamiliar, unrelated partner (UNRELA-
TED). In this group, furthermore, 14% of the females
died because of female-female aggression. Although fe-
males probably would have left a group in response to
overt aggression under more natural (unrestricted) condi-
tions, the data indicate costs of immigration for females.
If no other option is available, breeding success can be
drastically reduced after immigration into an unfamiliar
breeding group.

Weaning probabilities of young within the experimen-
tal “lifespan” of the mother were highest for RELATED
females but did not differ significantly between the social
groups. This analysis relied on the (conservative) assump-
tion that offspring will not survive after the death of the
mother within the first 16 days of lactation. However, due
to indiscriminate nursing of their own and alien young by
communally nesting females (Sayler and Salmon 1971;



Konig 1989) offspring might still have some chance of
surviving until weaning after the death of their mother in
a polygynous breeding group if the other female contin-
ued to nurse both litters. In three breeding groups (one
RELATED and two UNRELATED) kept for over a
year, one of the females died when two dependent litters
were present in the communal nest. The surviving female
always continued to nurse both litters and 86% of the
dead female’s young survived until weaning.

The fact that almost every second female “lost” her
last litter within “lifespan” due to the strict criterion used
might have masked some subtle influence of the social
group on weaning probabilities of young. To test that
hypothesis, actual survival probabilities of the last litter
were included in a further analysis, yielding a significant
difference with highest survival values achieved by RE-
LATED females and lowest by UNRELATED ones. In
none of the social groups analyzed was survival of young
dependent on mean litter size or on the total number of
offspring produced which excludes the hypothesis that
females generally tend to give birth to larger litters than
they are able to rear (female house mice are known to
spontaneously kill some pups in response to large litters;
Gandelman and Simon 1977; Fuchs 1982). In monoga-
mously paired females (MON), offspring survival was de-
pendent on whether the entire litter was “accepted” and
nursed directly after birth or not. In the majority of litters
all young survived until weaning. In the remainder, off-
spring were almost exclusively lost during the first 2 days
of lactation (93% of the young were found dead when
they were 1 or 2 days old), and mortality of young was
characterized by the loss of an entire litter. Thus, once a
MON female had cared for and nursed a litter early dur-
ing lactation, her offspring had a very high chance of
surviving until weaning. In polygynous breeding groups,
loss of an entire litter also occurred early during lacta-
tion. Here, however, more litters suffered the loss of some
young and offspring died on average at an older age.
Furthermore, in nests of RELATED females offspring
survival directly after birth was improved and fewer lit-
ters were lost entirely than in the other social groups
analyzed. Compared to MON females, UNRELATED
females lost a similar percentage of entire litters directly
after birth but also suffered a higher loss of individual
young which was similar to that observed for RELA-
TED females. It is not yet known how and why familiar
sisters are more successful at rearing young. Future ex-
periments have to focus on the females’ behaviour to-
wards newborn young in the different social groups. Fur-
thermore, detailed observations of the females’ behaviour
towards each other in polygynous groups should analyze
whether aggression, as observed in groups of UNRE-
LATED females during the first weeks of the experiment,
is responsible for higher entire-litter mortality than in
RELATED females.

The loss of some young in a litter, observed in polygy-
nous groups even when offspring were up to 17 days old,
was dependent on the timing of the birth of the litter.
Individual offspring had a reduced survival probability if
they were firstborn young in a communal nest (another
litter was born within 16 days). Pregnant females were
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observed to kill one or few dependent young of her part-
ner shortly before they gave birth themselves. Such infan-
ticidal behaviour might result in re-distribution of milk
from alien to own young. In house mice, the amount of
milk produced is dependent on the sucking stimulus of
young which increases with increasing litter size (Hanwell
and Peaker 1977; Konig et al. 1988). If a female kills alien
young shortly before she gives birth herself, communal
and indiscriminate nursing might result in a higher pro-
portion of the other female’s milk being available for her
offspring. It is not yet known whether females would re-
frain from cooperative nursing after the loss of an entire
litter which would prevent killing of all dependent young
by pregnant females. Pup-cannibalism is an integrated
part of the behaviour in rodents (for a recent review see
Elwood 1992). A similar behaviour of reproducing fe-
males killing each other’s young has been described for
prairie dogs (Hoogland 1985) and for communally nest-
ing birds (Vehrencamp 1977; Mumme et al. 1983). Under
more natural feeding conditions competition between fe-
males for the number of and investment into own versus
alien young might be even more pronounced than under
the luxurious feeding conditions in the laboratory, espe-
cially if females are previously unfamiliar and unrelated.

For Norway rats, Mennella et al. (1990) described a
reduced survival probability of litters born in the pres-
ence of 15- to 28-day-old litters due to inter-litter compe-
tition; under such conditions newborn pups were often
excluded from access to the teats of a female by the older
pups and died. In house mice, such inter-litter competi-
tion was not observed. In polygynous groups, eight litters
were born in the presence of 17- to 28-day-old young and
reared solitarily (no other litter was born within 16 days);
under such conditions young had a very high survival
probability (100% in three litters of RELATED females
and 91.5% in five litters of UNRELATED ones). Obvi-
ously, survival of young was mainly dependent on
whether another litter was born within 16 days or not.

To conclude, females living with a familiar sister had
an improved probability of reproducing and reared more
litters cooperatively in communal nests than females liv-
ing with a previously unfamiliar, unrelated partner, Fur-
thermore, living with a familiar sister resulted in an im-
proved probability of successfully rearing young, in im-
proved survival of litters directly after birth, and in im-
proved survival of secondborn litters in a communal nest.
Familiarity with a partner during juvenile development
rather than relatedness seems to be responsible for better
reproduction and higher offspring survival in RELA-
TED females compared to UNRELATED ones (Konig
in press). Nevertheless, behavioural analyses are still
lacking to determine the parameter which generates such
differences in reproductive success between females living
with a familiar and related or unfamiliar and unrelated
partner.

A high reproductive output in house mice can be in-
terpreted as an adaptation to a colonizing life strategy
which has to cope with variable environmental condi-
tions and high mortality (Berry 1981a; Bronson 1984;
Konig et al. 1988). Under such conditions the number of
young raised is of paramount importance for a female’s
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fitness, especially in a growing population after coloniza-
tion of a new habitat. Communal care among familiar
and related female house mice seems to be an adaptation
to improve the probability of successfully weaning
young. The fact that UNRELATED females also always
communally nursed litters and the observation by Man-
ning et al. (1992) that “most single-mother nests occurred
when communal nesting options were not available” (leg-
end of Table 1, page 582) support the hypothesis that
under more natural conditions other factors further im-
prove breeding success of communally nesting house
mice even among unrelated females. Besides improved
growth of young in communal nests (Sayler and Salmon
1969), such factors might include a higher survival proba-
bility during periods of cold temperatures in larger
groups of adults than in smaller ones, or a decreased
likelihood of infanticide by non-group members (Man-
ning et al. in press, cited in Manning et al. 1992).
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