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Within-litter variation in maternal care received by individual pups correlates with
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Maternal care represents an essential environmental factor during the first post-natal week(s) of rodents and
is known to have lasting consequences for neuronal structure, brain function as well as behavioral outcome
later in life, including social functions and reward-related processes. Previous experiments have shown that
the amount of maternal care received by individual pups varies substantially, even within one litter. During
adolescence, mammals display high levels of social play behavior, a rewarding form of social interaction that
is of great importance for social and cognitive development. In order to investigate how maternal care influ-
ences adaptive social behavior later in life, we here examined whether individual differences in maternal
licking and grooming (%LG) received during the first postnatal week affect social play behavior during ado-
lescence. We observed that %LG received by male rats early in life correlates positively with the frequency
and duration of pouncing and pinning, the two most characteristic behavioral expressions of social play be-
havior in rats. The latency to engage in social exploration also correlated with %LG. In female rats we observed
no correlation between %LG and any social parameter. The data indicate that subtle variations in maternal
care received early in life influence social interactions in male adolescent rats. These changes in social play
likely have repercussions for the social development of male rats, suggesting that maternal care can have
both direct and indirect effects on the behavioral development of the offspring.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Early life experience has extensively been shown to affect brain de-
velopment, including the central regulation of systems involved in hor-
mone secretion (e.g. the hypothalamus–pituitary–adrenal (HPA) axis)
and neurotransmission (e.g. by dopamine, serotonin), in humans as
well as in rodents (examples in Refs. [1–4]). As a consequence, early
life experiences have implications for behavioral function later in life.
This has been studied in a controlled manner in animal models, e.g. by
separating rat pups from their mother for a certain amount of time or
by comparing pups receiving high as opposed to low amounts ofmater-
nal care. In several studies, early life adversity was found to increase the
HPA activity in response to stress [5] and impair later life learning

performance [6]. One behavioral aspect that has received considerable
attention in the study of consequences of early life environmental expe-
rience is social functioning [7]. Research in primates and rodents dem-
onstrated that lack of early social interaction of individuals with their
mother and/or peers impairs social behavior in adulthood [8–10].

In rodents, social play behavior is the earliest form of social behav-
ior that is not directed toward the mother; social play is known to be
crucial for the further social development of the animal [11–14]. So-
cial play has a high reward value and is modulated by neurotransmit-
ter systems involved in motivation and reward, such as opioids,
cannabinoids and dopamine [14–17]. In addition, brain structures
part of the neural circuits of reward and motivation, such as the nu-
cleus accumbens and the amygdala, have been implicated in the reg-
ulation of social play behavior [14,15,18]. In the maternal care model
for early life environment in rodents, which investigates the effects of
natural variations in maternal care between different litters [19], an-
imals which received low compared to high amounts of licking and
grooming (LG) early in life displayed increased social play behavior
in adolescence and elevated dopamine responses to stress in the me-
dial prefrontal cortex in adulthood [20]. In addition, Low compared to
High LG offspring showed enhanced HPA axis responses to stress and
increased levels of anxiety and fearfulness [21–23].
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Interestingly, recent studies have shown that even within one lit-
ter there might be considerable variation in the amount of care
bestowed by the mother on individual pups, with long-lasting conse-
quences for brain and behavior [24]. In view of this, and the impor-
tance of social play behavior for social development, we here
investigated whether variations in the amount of maternal care re-
ceived by individual pups within a litter influences adolescent social
play behavior. This paradigm allowed us to test both males and fe-
males along a continuum of maternal care scores with the least possi-
ble influence of genetic background.

2. Materials and methods

The animals used in this study were bred in our facility, and kept
on a 12 h light/dark schedule (lights on at 8:00 h) until weaning at
postnatal day 24. At that time they were moved to a different room
with a reversed light cycle (lights on at 21:00 h). Rats are more active
during the dark phase of the day–night cycle, and will therefore dis-
play most play behavior during this phase (see e.g. Ref [25]). This
seems to relate to light conditions rather than the time of day [26].
Since the animals were allowed an 11-day adaptation period
between reversal of the day–night cycle and testing for social play,
any short-term effects of changing their circadian rhythm are not
likely to have confounded the results. During the entire experiment,
temperature and humidity were maintained at 20–22 °C and 40–
60% respectively, and food and water were available ad libitum.

2.1. Maternal care

Male and female outbred Long Evans rats were purchased from
Harlan (Indianapolis, US) at approximately 2.5 months of age and
allowed to habituate to the animal facility. Then, two females were
housed with one male for 1 week to allow mating, and after another
week of paired-housing, the females were placed separately in large
observation cages (30×55×45 cm3). Maternal care observations
commenced on postnatal day 1 (PND1; with PND0 being the day of
birth), after culling the litters to eight pups (preferably four males
and four females), as described before [24]. Briefly, maternal behavior
was scored every 3 min during five one-hour observation sessions
daily (7:00, 10:00, 13:00, 17:00 and 20:00 h) for 7 days, resulting in
a total of 700 observations for each litter. Several specific maternal
behaviors were scored, including licking and grooming (LG), particu-
larly toward individual pups within each litter. In order to be able to
identify the pup that underwent licking and grooming, all pups were
uniquely marked every morning until weaning with a non-scenting,
non-toxic surgical marker (Codman, Johnson & Johnson, Brunswick,
NY). We were able to distinguish which pup was being licked and
groomed in about 60% of the cases, and since this percentage varied
slightly between litters, we corrected for this with the following
equation: (% individual LG observed)/(% total LG identified)*100%.
As described before, we did not find any effects of the marking proce-
dure or the markings per se on the licking behavior of the dam [24].

On PND24, the pups were weaned, ear-punched and put on a re-
versed 12 h day/night regimen. They were group-housed (4 animals
per cage) with their same-sex littermates until testing in the social
play paradigm on PND35.

All experimental procedures used in this study were approved by
the animal ethical and welfare committee of the University of
Amsterdam.

2.2. Social play behavior

Twenty females and 22 males were selected for further investiga-
tions. These (same-sex) animals were paired according to their indi-
vidual %LG, in such a way that animals with comparable LG scores
were tested together. Six animals could not be matched with an

animal of the same sex and similar %LG and were thus not included
in the study. Habituation and behavioral testing were performed as
described previously [27], and occurred in the first 2 to 4 h of the
dark phase (in red light conditions), when cage activity is high
[28,29]. For 10 min per day on the 2 days prior to testing, the animals
were individually habituated to the test cage, which consisted of a
square black plastic cage (40×40×40 cm3) with sawdust. The ani-
mals were tested on PND35, which is considered to fall well into the
age span that covers adolescence in the rat and is associated with
high levels of social play behavior [28,30–32].

On the test day, the animals were first socially isolated for 3 h to
enhance their motivation to engage in play behavior during the test,
and subsequently pairs of animals with similar LG scores were put
in the test cage for 15 min and allowed to interact. The animals did
not have previous common social experience (i.e. they did not belong
to the same litter), except for two pairs; excluding these two pairs
from the analysis did not influence the data in any respect (data not
shown) and therefore they were included in the final data represen-
tation. In none of the pairs the animals differed more than 10% in
body weight. Each test session was recorded for later offline analysis.
Behavior was assessed per pair of animals using the Observer 3.0 soft-
ware (Noldus Information Technology B.V., The Netherlands). The
frequency, duration of, and latency to the first occurrence of the fol-
lowing behavioral elements were scored [11,12,14,16]: 1) pinning:

Fig. 1. Licking/grooming scores of pups in all litters used for the current study. Each col-
umn represents a litter and each data point represents a pup. Substantial within-litter
variation exists in the amount of licking and grooming that individual pups receive.
Error bars depict one SD above and below the litter mean (horizontal bar). Black
squares represent males, gray triangles represent females.

Table 1
Correlations between individual %LG received during the first postnatal week and ado-
lescent social play behaviour in pairs of males (n=11; *pb0.05). The data points for
the correlations indicated in bold are shown in Fig. 2.

Parameter r= p= Mean±SEM

Pouncing
Latency −.170 .618 183.1±26.4 s
Frequency .637 .035* 23.5±3.3 times
Duration .672 .023* 16.3±2.5 s

Pinning
Latency −.211 .534 234.0±32.4 s
Frequency .608 .047* 10.8±3.0 times
Duration .763 .006* 21.8±7.0 s

Social exploration
Latency .724 .012* 5.23±1.0 s
Frequency −.343 .302 82.5±4.5 times
Duration −.179 .599 386.0±17.2 s
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one animal lying with its dorsal surface on the floor with the other
animal standing over it. This is the most characteristic posture in so-
cial play in rats, that occurs when one animal is solicited to play
by its test partner and rotates to its dorsal surface to prolong the play-
ful interaction; 2) pouncing: this is an index of play solicitation, i.e.,
one animal is soliciting the other to play, by attempting to nose or
rub the nape of the neck of the test partner; 3) social exploration:
sniffing any part of the body of the test partner, including the anogen-
ital area.

2.3. Statistical analysis

Statistical analyses were conducted using SPSS 11.0 for Windows.
All correlations were tested using linear regression with %LG as the

independent (predictor) variable. Male and female data were ana-
lyzed separately.

3. Results

3.1. Maternal behavior

In this study, we monitored maternal care in the offspring of six
lactating dams, from PND1 to PND7. We assessed the percentage of
time they spent licking and grooming (%LG) each individual pup in
their litters. As shown in Fig. 1, the %LG received by individual pups
varied considerably between pups within litters (range 0.00% to
2.30% LG; mean %LG=0.93%, SD=0.58, n=48). In general, male
pups (n=27) received significantly more LG than females (n=21;
p=0.047), in agreement with earlier reports [24,33].

Fig. 2. Male offspring that received higher levels of maternal LG show more adolescent play behavior than male offspring with lower LG scores. There was a positive correlation
between %LG (x-axis) and both frequency (A; number of times during the 15 minute observation period) and duration (B; cumulative time in seconds during the 15 minute ob-
servation period) of pouncing, as well as the frequency (C) and duration (D) of pinning. However, the latency to start social exploration was increased in High LG animals (E; in
seconds). Data are based on 11 pairs. For correlational analysis of all parameters see Table 1.
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3.2. Social play behavior

In the current study we tested 10 pairs of females and 11 pairs of
males with comparable LG scores to examine if individual variations
in the amount of LG received during the first postnatal week affected
adolescent social play behavior. As an index for early life background,
we used the average %LG of each pair.

In males, significant positive correlations emerged between %LG
and both the frequency (Fig. 2A) and duration (Fig. 2B) of pouncing.
Similarly, a positive and significant correlation was observed between
%LG received early in life and the frequency (Fig. 2C) and duration
(Fig. 2D) of pinning (see also Table 1). Thus, male rat pairs with
higher average LG scores exhibited more social play behavior during
the 15 min session compared to pairs that received lower levels of
maternal licking and grooming. However, males on the high end of
the LG scale also showed a significantly increased latency to first so-
cial exploration compared to males with a lower %LG (Fig. 2E,
Table 1). None of the other parameters, i.e. the latency to pounce
and pin and the frequency and duration of social exploration, corre-
lated significantly with %LG in the males (Table 1).

The direction in which aspects of social play by females related to
%LG received early in life was generally opposite to that seen in males.
In females, though, none of the play behavior parameters that were
assessed correlated significantly with %LG. Also, in general, they
exhibited a lower amount of play behavior than the males (see
Table 2).

We considered the possibility that the lower amounts of LG re-
ceived early in life by females might explain the lack of correlation
with social play later on, rather than inherent differences in social
play behavior between male and female rats. To test this, we applied
a median split analysis, examining correlations separately in two
groups of animals, that is in animals (male or female) with either a
low LG score (b0.93%) or a high LG score (>0.93%). In the former
group we did not observe a significant correlation between %LG and
any of the social play parameters (p-values for all parameters
>0.25). In the group with high LG scores we generally observed
much higher correlation coefficients. This resulted in a significant
(p=0.048) positive correlation between %LG and frequency of box-
ing, a near-significant (p=0.069) positive correlation between %LG
and latency to engage in first social exploration (as was seen when
analyzing males only), and a trend toward a positive correlation be-
tween %LG and duration of pouncing (p=0.13; comparable to what
was observed in males) as well as a trend toward a negative correla-
tion between %LG and latency in boxing (p=0.12).

4. Discussion

In the present study, we investigated the effects of individual var-
iation in %LG received early in life on social behavior in adolescent rat

offspring. We found that male adolescents with higher LG scores
exhibited more social play behavior than their siblings with lower
%LG, whereas in females %LG did not correlate with the amount of so-
cial play behavior.

Earlier studies have described the effect of early life environment
on adolescent social play behavior. Artificially reducing the amount
of maternal LG for example resulted in increased levels of social
play in the (male) offspring [34,35]. Additionally, one study, in
which litters that on average received very low as compared to high
amounts of care were compared, reported increased play behavior
in offspring from Low LG compared to High LG dams [29]. This con-
trasts with our observations based on the %LG received by individual
pups, taking the entire range of LG behavior into account.

There are several explanations for the discrepancy between our
and the previous study addressing the influence of maternal care
and social play during adolescence. First, the paradigm to study social
play was different between the studies. Parent and Meaney housed
pups with different maternal care backgrounds (i.e. High LG and
Low LG) for several weeks in mixed-gender groups of 8, and observed
the play behavior for each pup individually, irrespective of its play
partner. This protocol likely created an enrichment of the environ-
ment, to which Low LG offspring are known to be more sensitive
[36,37]. Indeed, this was suggested by these authors as the reason
for the elevated levels of play behavior in Low LG offspring. By con-
trast, in our setup, we used a brief period of social isolation to evoke
reliable levels of social play that can be both positively and negatively
modulated by neuropharmacological interventions (e.g. 27,38,39).
Therefore, our setup was more directed at taxing differences in the
level of social motivation of the animals. Furthermore, we tested ani-
mals in pairs of the same sex, maternal care background and compa-
rable weight because of the reciprocity and contagious nature of
social play behavior [40], without the possible influence of environ-
mental enrichment. In nearly all cases, the two animals in a pair orig-
inated from different litters and were not housed together. This
excluded the influence of established social hierarchy as much as pos-
sible, although it cannot be excluded that such differences existed de-
spite our experimental protocol.

Secondly, it is possible that stress plays a role in the reduced social
play behavior in rats with lower LG scores [28]. Despite being habitu-
ated to the test box, encountering an unfamiliar animal in the test sit-
uation, and especially being socially isolated prior to testing, might
induce a stronger stress response in animals which received low
amounts of LG early in life. At this moment this remains speculative,
because we did not measure peak corticosterone levels after stress
in our animals; moreover, only effects of repeated or chronic social iso-
lation on HPA reactivity have been described (e.g. 41,42).

Thirdly, we cannot exclude that genetic background may have
influenced the earlier observations. Cross-fostering experiments
demonstrated that many of the consequences of early life stress
seen when comparing entire litters critically depend on maternal be-
havior rather than genetic background [22,43]. However, in the case
of social play behavior cross-fostering control experiments have not
been carried out. In our model, where the %LG is used as an index —

regardless of maternal background, this factor does not play a signif-
icant role.

Finally, we analyzed social play separately for female and male
rats. The relationship between %LG received early in life and aspects
of adolescent social play differed between the two sexes, as %LG
was not significantly correlated with social play in females. It is
well-known that social play behavior differs both quantitatively (i.e.
males play more than females) and qualitatively (i.e. the structure
and ontogenetic development of playful interactions) between
males and females [44,45]. The present data add to this difference
that social play behavior in adolescent females may be less sensitive
to early life environment than play behavior in males; these differ-
ences between the sexes may also have influenced the observations

Table 2
Correlations between individual %LG received during the first postnatal week and ado-
lescent social play behaviour in pairs of females (n=10) during the 15 minute obser-
vation period. None of the correlations was significant.

Parameter r= p= Mean±SEM

Pouncing
Latency .009 .983 285.0±101.0 s
Frequency −.122 .738 21.7±7.1 times
Duration −.207 .567 15.6±4.7 s

Pinning
Latency .316 .446 303.9±99.3 s
Frequency −.095 .795 11.8±5.1 times
Duration −.069 .850 23.1±10.0 s

Social exploration
Latency −.192 .595 3.8±0.9 s
Frequency −.132 .715 77.5±10.3 times
Duration .117 .748 317.8±18.2 s
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of the previous study, in which males and females were housed
together.

The determining factor in the male–female difference seems to be
that females received lower amounts of LG early life; a median-split
analysis supports the view that correlation between %LG and play be-
havior can reach significance only in animals that have received a rela-
tively high amount of LG. It seems unlikely that any ‘female-specific’
aspects of social play – and putatively correlated with %LG – were
missed in our present analysis. Thus, while social play differs between
male and female rats in both qualitative and quantitative ways [44,45],
the qualitative differences, in terms of the use of different defense tac-
tics during social play, do not emerge until around PD40, and appear to
be associated with the onset of sexual maturation [46]. Therefore, at
the time of testing in the present study (PD 35), the differences be-
tween males and females are for the most part quantitative [47].

Interestingly, whereas the amount of social play correlated positive-
ly with %LG inmale rats, a high-LG background resulted in a long laten-
cy to social exploration, which is known to precede the onset of playful
interactions [45]. Even though these latencies were generally quite low
(i.e. between 2 and 12 s after the start of the test), this indicates that
males that received a high %LG were somewhat slower to initiate the
social interaction, but once initiated, they engaged in a more intense
playful interaction. For this reason, the longer latency to initiate the so-
cial interaction in high %LG males is not likely the result of decreased
social interest. Rather, it shows that these animals took somewhat lon-
ger to engage in social behavior after being placed in the test environ-
ment, suggesting that these animals took slightlymore time to evaluate
the safety of the test cage.

In conclusion, our results indicate that in male but not female rats,
the amount of care received by an individual rat from its mother pre-
dicts the amount of subsequent adolescent social play behavior. The
findings in males are in accordance with recent data showing that
neonatal handling stimulation fuels playfulness in adolescent rats,
as measured by pin and dorsal contact episodes [48,49]. This does
not necessarily mean that LG causes social play to develop; clearly,
there are many other factors involved (as apparent from the overlap
in individual values of LG and play). The lack of correlation between
LG and social play in females suggests that the development of social
play in male and female rats is facilitated through different mecha-
nisms. This is not purely a quantitative issue, but possibly also relates
to later-developing (around PND40) qualitative differences in social
play. Thus, we cannot exclude that maternal care for female pups
serves to facilitate the development of other, more female-specific so-
cial behaviors that occur later in life. Collectively, these data indicate
that maternal care has both direct and indirect effects on the behavior
of the offspring. Since social play facilitates social and cognitive devel-
opment [11–14], the present data suggest that by evoking greater
amounts of social play, higher levels of maternal care may facilitate
the further social and cognitive development at least in male off-
spring. In addition, social play in adolescence is a form of social re-
ward [11,12,14–17], suggesting that other aspects of reward and
motivation in adolescence also depend on early life environment, as
was previously already observed in adult animals [50,51]. If so, this
could be relevant for the vulnerability of adolescent individuals to
reward-associated psychopathology such as depression and addic-
tion. This is compatible with the view that a high-caring early life
background optimally prepares individuals for a matching positive
social environment later in life, but that psychopathology may devel-
op in case of a mismatch between early and later life social
environment.
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