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Abstract

Female rats have a fertile postpartum estrus, which can result in a simultaneous gestation and lactation and later in the overlapping of two different-
age litters. These different physiological and contextual situations may affect thematernal behavior of lactating rats and provoke long-lasting changes
in the affective behavior of the litter. Therefore, we aimed to assess the effect of pregnancy and of litter overlapping on the maternal behavior of
lactating rats and to describe the maternal- and anxiety-like behaviors of the juveniles that remained in contact with their younger siblings. Results
showed that pregnant lactating rats spent more time outside the nest and less time nursing than non-pregnant mothers. On the other side, mothers with
overlapping litters licked less the newborn pups than mothers with single litters. These deficits in maternal licking received by neonates were
overridden by the juveniles' licking behavior to their younger siblings. Adult male and diestrous female rats reared with younger siblings showed a
reduced anxiety-like behavior as compared to age-weaning matched animals without this experience. Thus, natural changes in the reproductive
conditions and in the early experience, affect the maternal behavior and long-term modulate affective behavior of the individuals.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Female rats can conceive in the postpartum estrus, which
normally occurs during the first 6 to 15 h following parturition
[1,2]. This enables them to gestate one litter while simulta-
neously nurturing another. Even though the maintenance phase
of maternal behavior is primarily based on pups' sensory
stimulation and not on hormonal factors [3,4], no study to our
knowledge has investigated how a concurrent gestation affects
the maternal behavior of lactating rats.

Following the birth of a new litter, older offspring may
remain in the maternal burrow and share the nest with their
younger siblings [5,6]. As the maternal behavior primarily

depends on the stimulation of the pups, it could be hypothesized
that during litter overlapping, the mothers adapt their behavior
according to the characteristics and demands of the two
different-age litters.

The behavior of juvenile rats toward neonates has been well
studied in the context of maternal sensitization experiments
(induction of maternal behavior through continuous exposure to
neonatal pups) [7–10]. However, few studies [5,11] have
explored this behavior in a more ethological context, as would
be the case with the overlapping of successive litters. While
some studies reported that older pups may show care-giving
behaviors toward neonates and therefore complement the ma-
ternal care of the lactating female [5,11], others suggested that
juveniles compete with their younger siblings for maternal
attention [12].

Early-life environmental factors exert long-term influences
on rodents' affective behavior [13–17]. In the present model of
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overlapped litters, the pre-weaning experiences of the juveniles
include not only those acquired during interaction with the
mother and age-matched littermates, but also with the newborn
siblings. Based on previous findings showing that a previous
maternal experience reduces anxiety-like behavior later in life
[18], we hypothesized that the early experience of juveniles
with younger siblings, which provokes maternal-like behaviors
[11], would produce a long-term decrease in the emotionality of
overlapped reared juveniles.

In this study, we aimed to assess if: 1) postpartum pregnancy
modifies maternal behavior, 2) the maternal behavior is affected
by the presence of older siblings and 3) the experience with
younger siblings affects the emotionality of adult offspring.

2. Methods

2.1. Animals

Male and female Wistar rats were obtained from the colony
maintained in the Federal University of Rio Grande do Sul
Laboratory Animal Facility. Animals were kept under 12-h
light/dark cycle conditions (lights off at 18:00 h) and in a stable
environmental temperature (21 °C) with ad-lib access to rat
chow (Nutrilab, Colombo, Brazil) and water. All procedures
used in this study followed the guidelines for the care and use of
Laboratory Animals from the National Institute of Health and
were approved by the Research Committee of the Federal
University of Rio Grande do Sul.

2.2. Experiment I: maternal behavior and total stimulation
received by pups following postpartum mating

2.2.1. Experimental groups and comparisons
Experimental groups are illustrated in Fig. 1.

To assess the effect of pregnancy on the maternal behavior of
lactating rats, the following groups of mothers were compared:

1) Primiparous non-pregnant lactating rats (group NPL, n=10):
females nursing the first litter, mated in postpartum estrus but
that did not become pregnant.

2) Primiparous pregnant lactating rats (group PL, n=14):
females nursing the first litter while pregnant with a second
litter conceived at the postpartum estrus.

To assess the effect of raising two different-aged litters on the
maternal behavior of postpartum females to the newborn pups,
the following groups were compared:

3) Multiparous lactating rats with overlapped litters (group
MOL, n=14): females nursing the second litter conceived at
postpartum estrus and two juveniles from the first litter.

4) Multiparous lactating rats with a single litter (group MSL,
n=10): females nursing the second litter conceived at post-
partum estrus; the first litter was removed before parturition
of the second litter.

To determine the effects of litter overlapping on maternal
behavior toward juveniles we compared the behavior of MOL
mothers with that of:

5) Late postpartum rats with a single litter (group LPSL, n=10):
females raising two juveniles from the first litter, after PPD 21.

In addition, the MOL dams' behavior toward their juveniles
vs. newborn pups was compared.

To compare the total stimulation received by the newborn
pups reared in single vs. overlapped litters, the behavior of the
two juveniles (older litter ofMOLmothers) toward their younger

Fig. 1. Schematic representation of experimental groups of mothers studied. NPL: primiparous non-pregnant lactating rats, PL: primiparous pregnant lactating rats,
MOL: multiparous lactating rats with overlapped litters, MSL: multiparous lactating rats with a single litter, LPSL: late postpartum rats with a single litter.
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siblings was registered. The total stimulation received by new-
born pups in the overlapped litter was calculated by adding the
behavior of the mother and the behavior of the two juveniles.

2.2.2. Breeding procedure
Breedingwas synchronized bymonitoring the estrous cyclicity

of females. Vaginal smears were taken daily and nulliparous
females (90 days old) on their second regular proestrus were
placed overnight with a sexually experienced male. Successful
mating was confirmed the next morning by the presence of
spermatozoids in the vaginal smear and that daywas designated as
day 1 of gestation (GD1). Animals were marked with a
permanent-ink pen in the tail for individual identification and
housed in white polycarbonate cages (16 cm×28 cm×42 cm) in
same-sex groups of 3 to 4 females and of two males.
Approximately 7 days before delivery, pregnant females were
separated and housed in transparent polycarbonate cages
(16 cm×28 cm×42 cm) with the same males as before. Starting
onGD20, the presence of pupswas checked daily at the beginning
and end of the light period, and on the day of birth (PPD0) the
behavior of parturient females and males was observed to avoid
agonistic behaviors or cannibalism of the pups. On the following
day (second litter GD1), the male was removed, the presence of
spermatozoids was checked, the litter was weighed and the
number of pupswas culled to 8 per dam (with usually 4 or at least 3
pups of each sex). At weaning (PPD21), juveniles of the first litter
were removed,weighed and housed in same-sex same-litter cages.

In the case of mothers that remained with juveniles (MOL
and LPSL), one male and one female were returned to the home
cage. Female juveniles were marked in the ears and tail with a
permanent-ink pen for individual identification in behavioral
observations. Beginning on GD21 of the second litter, the
presence of newborn pups was checked twice a day, and on
PPD1 the second litter was weighed and culled in the same way
as the first one.

2.2.3. Behavioral observations
The behaviors of lactating females and of juveniles (if present)

were scored daily during four, 72-min observation sessions from
PPD1 to PPD10.Observations occurred at regular timeswith three
periods during the light phase (1000, 1300, 1600 h) and one during
the dark phase of the light–dark cycle (1830 h). Within each
session, the behavior of each subject was scored every 3 min (25
observations per period×4 periods per day=100 observations/
subject/day). Data are shown as means±SEM of the percentage
frequencies from a total of 1000 observations for each rat (100
observations per day during the first ten day postpartum) [19].

The following behaviors of the mothers were registered:
Mother off pups, the mother is away from the nest and without
physical contact with the pups; Licking the pups (either the
body surface or its anogenital region); Nursing, the mother
nursing the pups in either an arched-back posture, a blanket
posture in which the mother lays over the pups, or a supine
posture in which the mother is lying either on her back or side
while the pups nurse; Retrieving and mouthing, retrieval of the
displaced pups or oral repositioning of the pups into the nest;
Nest building, the female pushes or picks up nest material in

her mouth; Aggressive behavior, any agonistic behavior toward
juveniles, that usually consists in dominating postures and mild
attacks.

Additionally, the following behaviors of the juveniles were
registered: Lying in contact or hovering over the pups, Licking,
Retrieving and Off neonatal pups, defined as in the mother's
behavior and Play behavior, any playful behavior directed to the
juvenile sibling or the mother. The occurrence of cannibalism
or nipple displacement was also registered. The frequency with
which neonatal pups were observed away from the nest and the
time that the second litter was effectively left alone (absence of the
mother and the two juvenile siblings) in the nestwas also recorded.

2.2.4. Statistics
Behavioral data fit parametric testing assumptions

(Kolmogorov–Smirnov and Cochran C test) and therefore
were analyzed by parametric tests. Maternal behavior was
analyzed by the Student's unpaired t test except for the
comparison of MOL maternal behavior toward juvenile vs.
newborn pups, and of male and female juveniles' behavior,
which were performed by the Student's paired t test. Corre-
lation analysis between the length of gestation and the
number of pups was performed using the Pearson correlation
analysis. The number of females that conceived/not con-
ceived during the first mating or the postpartum estrus was
compared by the Fisher exact probability test.

2.3. Experiment II: effect of litter overlapping on the emotionality
of overlapped reared juveniles

2.3.1. Experimental groups
To assess the long-term effects induced by the early

experience with newborn siblings on emotionality, we analyzed
the anxiety-like behavior of overlapped reared juveniles (senior
offspring of MOL mothers: males, n=15; females, n=11) and
single reared late-weaned juveniles (offspring of LPSL mothers:
males, n=11; females, n=8) in the open field and the elevated
plus maze tests.

2.3.2. Procedure
Adult male and female offspring from MOL and LPSL

mothers were used in this study. Pups were maintained with
their mothers until weaning (PPD35-39), and then housed in
same-sex, same-litter groups of three to four animals per cage
and left undisturbed until the time of testing (approximately
90 days of age). The behavior of adult male and female rats was
evaluated in the open field test and four days later the same
animals were tested in the plus maze test. Females were tested in
diestrus. For monitoring oestrus cycle, daily vaginal smears
were taken, and only those females with two consecutive
regular cycles were used for behavioral testing.

2.3.3. Behavioral tests
Behavioral tests were performed in a separate testing room

with the same temperature and photoperiod conditions of the
breeding room, during the light period of the cycle. Animals
were individually housed, transported to the testing room and
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left to acclimatize at least 1 h before testing. After each test, the
apparatus used was cleaned thoroughly with 70% ethanol and
allowed to dry completely between test sessions. Behavioral
tests were recorded on VHS-video tape and analyzed later
using the computer software: The Observer Pro® (Noldus,
Wageningen, The Netherlands) by an experienced observer
blind to the subjects' experimental condition.

2.3.4. Open field test
The apparatus was a 100 cm square open field that was

evenly illuminated by overhead fluorescent lights. The arena
was divided into twenty-five 20-cm squares painted on the floor.

Central area was defined as the nine inner quadrants of the
arena. Each animal was placed in one corner of the open field
and its behavior was videotaped over a 5-min session. The
following behavioral parameters were recorded: frequency of
entries and time spent in central quadrants of the arena, duration
(s) of locomotion and frequency of rearing [20].

2.3.5. Elevated plus maze test
This model consists of an elevated (40 cm above the floor)

plus-shaped maze with two opposite enclosed (50 cm-high
walls) and two open arms, each measuring 50 cm long×10 cm
wide. Each animal was placed in the center of the maze facing a
closed arm and allowed to freely explore the maze for 5 min.
The behavioral parameters assessed were: frequency of total
entries (arm entry, all four paws into an arm), percentage of
open arms entries (100×open/total), percentage of time spent in
the open arms (100×open/total) and frequency of head dipping,
stretched-attend posture and rearing [21].

2.3.6. Statistics
Data obtained in the open field and elevated plus maze tests

were compared by a two-way analyses of variance (ANOVA)
using group (rearing condition) and sex as factors. Post hoc
comparisons were carried out using Newman–Keuls test. In all
cases, a pb0.05 was considered significant.

Table 1
Characteristics of single vs. overlapping litters

Single litter Overlapped litter

Litter size (n) 8.5±0.5 9.6±0.7
Sex ratio (n males/total) 0.52±0.04 0.48±0.05
Litter weight on day 1 pp (g) 68.2±3.7 76.9±8.5
Mean pup weight on day 10 pp (g)
Males 20.3±0.9 21.4±0.7
Females 19.8±0.9 21.0±0.6

Mean pup weight on day 21 pp (g)
Males 41.3±1.6 41.5±1.5
Females 40.1±1.2 40.1±1.4

*pb0.05 Student's t test.

Fig. 2. Maternal behavior toward neonates displayed by: primiparous non-pregnant lactating rats (NPLmothers), and primiparous pregnant lactating rats (PL mothers).
A. Nursing postures, total nursing behavior and frequency of the mother outside the nest. B. Active components of maternal behavior: licking, nest building, and
retrieving of the pups. Data are shown as means±SEM of the percentage frequencies from a total of 1000 observations for each rat (100 observations per day).
⁎Represents significant differences, Student's unpaired t test, pb0.05).
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3. Results

3.1. Experiment I

3.1.1. Characteristics of gestations and pups
From a total of 28 females that were mated on the postpartum

estrus, 15 (53.6%) became pregnant and successfully delivered
a second litter. This percentage was not different from that of
successful pregnancies obtained in the first mating (46.9%)
(Fisher exact probability test, p=0.64).

The pregnancy duration (days) of the lactating mothers
(27.6±0.8) was significantly longer than that of the non-
lactating mothers (22.9±0.2), pb0.05, Student's t test.

The number of pups per litter and the sex ratio did not differ
between single and overlapped litters. No significant correlation
was detected between the length of the second gestation and the
number of pups per litter (Pearson r=−0.17, p=ns). The
weights of single and overlapped litters on PPD 1, 10 or 21 did
not differ (see Table 1).

3.1.2. Effect of a concurrent pregnancy on dams' maternal
behavior

As shown in Fig. 2, some components of maternal behavior
were affected by the concurrent gestation and lactation. Thus, the
total frequency that mothers were registered in a nursing position

was lower in pregnant (PL) as compared to non-pregnant (NPL)
lactating females (pb0.05, Student's t test). PL mothers showed
a significant decrease (pb0.05, Student's t test) in the blanket
posture frequency compared to NPL females, while the other
nursing postures (arched-back and supine) did not differ
between the two groups (p=ns, Student's t test). Fig. 2 (panel
B) also shows that the frequency that PL mothers were observed
outside the nest leaving the pups alone was significantly higher
than that observed in the NPL group (pb0.05, Student's t test).

3.1.3. Effect of the litter overlapping on the dams' maternal
behavior to newborn pups

The frequency of nursing the newborn pups did not differ
between mothers with single (MSL) or overlapped litters
(MOL), however, as shown in Fig. 3, the frequency in which the
mother was outside the nest showed a tendency to be higher
when litters were overlapped (p=0.06, Student's t test). While
retrieving of neonates was not different between MSL andMOL
mothers, licking behavior was significantly lower in MOL
mothers (pb0.05, Student's t test), see Fig. 3.

3.1.4. Effect of the litter overlapping on dams' maternal
behavior to juveniles

The mothers were observed with significantly less frequency
nursing the juveniles than the neonates (total frequency of

Fig. 3. Maternal behavior toward neonates displayed by multiparous lactating rats with overlapped litters (MOL mothers) and multiparous lactating rats with a single
litter (MSL mothers) A. Nursing postures, total nursing behavior and frequency of the mother outside the nest. B. Active components of maternal behavior: licking,
nest building and pup retrieving. Data are shown as means±SEM of the percentage frequencies from a total of 1000 observations for each rat (100 observations per
day). ⁎Represents significant differences, Student's unpaired t test, pb0.05).
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nursing, neonates: 41.45±1.75 and juveniles: 4.76±2.19;
pb0.01, Student's paired t test). In addition the frequency of
mothers' licking behavior (0.13±0.04) and retrieving (0.12±
0.10) to juveniles was almost absent. MOL females' maternal and
aggressive behaviors directed to juveniles differed from that of
LPSL females. Nursing received by juveniles was very low
during pre-pubertal period in the absence of a second litter,
however, when younger siblings were present, the mothers
accepted, in a more extent, juveniles' attempts to suckle (total
frequency spent nursing, MOL: 5.13±2.33; LPSL: 0.04±0.04,
pb0.05, Student's t test). The juveniles in overlapping litters
received less maternal licking (MOL: 0.16±0.05; LPSL: 0.64±
0.16, pb0.001, Student's t test) and some maternal aggressive
behavior (MOL: 0.43±0.13; LPSL: 0.03±0.02, pb0.05, Stu-
dent's t test) when compared with single juveniles. However,
despite some episodes of maternal aggression, juveniles in
overlapped litters spent significantlymore time in contact with the
mother than juveniles from LPSL mothers (MOL: 67.14±3.93;
LPSL: 34.25±2.54, pb0.05, Student's t test).

3.1.5. Effect of litter overlapping on the behavior of the juveniles
Neither cannibalism, aggressive behavior toward neonatal or

attempts to remove them from the nipples of the mother or from
the nest were observed. Moreover, juveniles spent considerable
time in the nest in close contact with their younger siblings, in
the presence and even in the absence of the mother and licked
younger pups (Fig. 4). No differences were found in the
behavior of male and female juveniles (frequency of lickings:
female: 0.26±0.07 and male 0.32±0.08; time (s) in contact:
female: 37.09±5.75 and male 36.41±5.78; play behavior:
female: 2.45±0.29 and male: 2.52±0.29).

3.1.6. Stimulation received by newborns in the overlapped litters
The social environment in which the newborn pups

developed in the overlapping litters was quite different from

the standard familiar composition of single lactations. Thus,
both the mother and the two older siblings shaped the
stimulation that they received. MOL mothers licked less the
neonates than MSL ones (pb0.05, Student's t test), noteworthy,
the total licking stimulation, received by the newborn pups
raised by both groups, did not differ (p=ns, Student's t test),
due to the licking behavior displayed by juveniles. Moreover,
even though MOL mothers spent less time in the nest (Fig. 3),
the frequency in which the newborns were left unattended did
not differ between single or overlapped litters, due again to the
presence of the juvenile siblings in the nest (pb0.05, Student's
t test) (see Fig. 4).

3.2. Experiment II. Effect of litter overlapping on the emotionality
of juveniles

As shown in Fig. 5A, the behavior of adult rats in the open
field did not significantly differ as a function of rearing condi-
tion or sex. The duration (s) of locomotion (group: F(1,41)=
0.13; sex: F(1,41)=0.01), time spent (group: F(1,41)=1.57;
sex: F(1,41)=0.74) and frequency of entries in central quadrants
of the arena (group: F(1,41)=1.77; sex: F(1,41)=0.03) were not
different between male and female overlapped reared juveniles
and single reared late-weaned juveniles.

Interestingly, in the plusmaze test, the experiencewith neonates
during juvenile period reduced anxiety-like behavior (see Fig. 5B).
Thus, overlapped reared juveniles significantly increased the
percentage of entries (F(1,36)=6.72, pb0.05) and time spent in
open arms (F(1,36)=4.69, pb0.05), and decreased the frequency
of stretched-attend postures (males: 11.29±1.54 vs. 8.00±4.30;
females: 8.33±0.88 vs. 6.54±0.62; F(1,36)=5.97, pb0.05) as
compared to non-overlapped offspring during adulthood.

A significant interaction between rearing condition and sex
was found for rearing behavior (F(1,36)=6.32, pb0.05), with
overlapped reared females performing more rearing than non-

Fig. 4. A. Licking behavior received by neonatal pups reared in single or overlapped litters. B. Frequency of the mother spent off the nest and that pups remained alone
in the nest, note that in overlapped litters either the mother or the juveniles could be attending to the pups on the nest. Data are shown as means±SEM of the percentage
frequencies from a total of 1000 observations for each rat (100 observations per day). ⁎Represents significant differences, Student's unpaired t test, pb0.05).

1066 N. Uriarte et al. / Physiology & Behavior 93 (2008) 1061–1070



Author's personal copy

overlapped ones (17.7±2.2 vs. 10.3±0.9, pb0.05) and non-
overlapped reared females showing significantly less frequency
than non-overlapped males (10.3±0.9, pb0.05 vs. 16.7±1.6,
pb0.05). As shown in Fig. 5B, the experience with neonates
during juvenile period did not affect total activity in the plus
maze test, since the number of total entries did not differ
between groups (F(1,36)=1.89).

4. Discussion

The main findings of the present study are:

1. Pregnancy decreased total nursing behavior and nest
attendance of lactating dams, without affecting the growth
of pups or the active components of maternal behavior.

2. Neonates reared with older siblings received less licking
behavior from their mothers than those singly reared, but
this deficit was compensated by licking performed by older
siblings.

3. Being reared in close contact with younger siblings reduced
anxiety-like behavior at adulthood in males and diestrous
females as compared to control animals.

4.1. Characteristics of gestations and pups

The duration of gestation that occurs concurrently with
lactation was longer than a regular pregnancy [5,11,22],
probably due to a suckling-induced delay in embryo implanta-
tion [23]. As reported in previous studies [5,24] a similar
percentage of successful pregnancies occurred following mating
in regular or postpartum estrus and the litter size and sex of the
pups born after single gestations did not differ from those born
after a gestation concomitant with lactation. According to
previous reports [5,22,25,26], no differences were found in the
growth of the pups reared in single or overlapped litters,
suggesting that females that conceived during postpartum estrus
may allocate the same resources to neonates in both reproductive
conditions.

Fig. 5. Affective behavior of adult male and female single litter late-weaned pups (LPSL offspring) and overlapped reared juveniles (MOL offspring): A. Open field test,
B. Elevated plus maze test. Data are presented as means±SEM and were analyzed by a two-way ANOVA (group×sex). ⁎Represents significant differences, pb0.05.
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4.2. Pregnancy decreased nest attendance and total nursing
behavior

The behavior of mothers that were concomitantly gestating
and lactating (PL) did not show major differences from that of
non-pregnant mothers (NPL), consistently with findings in mice
[27]. However, the frequency of being outside the nest was
significantly higher in PL mothers, possibly due to an increase
in body temperature forcing the termination of nest bouts to
dissipate the heat load [28,29].

Interestingly, PL mothers showed decreased frequency of
nursing relative to NPLmothers, due, at least in part, to the lower
duration of the blanket posture. However, since the growth of the
pups did not differ according to the mother's reproductive
condition, it can be inferred that total milk transference was
similar in both groups. In this sense, the blanket posture has been
considered the least effective nursing position for milk letdown
[30]. In addition, the arched-back nursing, considered the most
effective posture for pups' suckling [30] was displayed similarly
by both groups.

4.3. Raising overlapped litters affected dams' maternal
behavior toward younger pups

MOL mothers licked pups less than MSL mothers, showing
that the presence of juveniles affected this maternal behavior
component, accordingly with results found in prairie voles [31].
However, the total licking received by neonates raised together
with juveniles was similar to that gained by pups in single litters
due to licking received from the juveniles (present results, [31]).
The mechanisms by which these changes in maternal licking
behavior occur are unknown, although it could be speculated
that MOL mothers experienced specific physiological changes
that induced a decrease in licking behavior. Hormonal status
appears not to be the responsible factor for these differences,
since both MOL and MSL mothers were mated at postpartum
estrus and were pregnant concurrently with the lactation, thus
having similar endocrine profiles. We may also discard possible
differences in pup-raising experience, since the two groups of
dams had previous maternal experience.

A putative explanation for the reduced maternal licking
behavior can be based on the pups' role in promoting their own
care as a function of their physiological needs [32–34]. Less
demanding pups, as could be those reared with juveniles, will
elicit less maternal behavior.

Since licking behavior is an important modulator of several
functions [15,35–37] the maintenance of this behavior in a con-
stant amount during the overlapping of litters could be important.
In this line, we have found that spontaneous high frequency of
licking behavior during the neonatal period induces deleterious
long-lasting effects in female's reproductive function [15].

4.4. The presence of a new litter modified the maternal behavior
toward older pups

As previously reported [5,11], we found that the birth of
a second litter as a consequence of postpartum mating did

not automatically promote the weaning of the first litter.
Furthermore, it appears that mothers continue to nurse
juveniles only if a second litter is present, as juveniles that
remained with mothers beyond PPD 21 without a younger
litter (LPSL mothers), were rarely seen sucking. However,
even though the presence of younger siblings increased the
frequency of nursing, most commonly the mother nursed the
neonates while the juveniles were in close contact with her
without being nursed. This result is in accordance with
previous findings showing extended suckling in rats (up to
60 days old) if they have access to foster dams that are actively
nursing [38].

In addition, MOL, but not LPSL mothers displayed some
aggressive behaviors toward juveniles (never to neonates). This
behavior was not associated with juveniles' suckling attempts,
but with approaches to the nest site when playing (present
results, [5]), suggesting that aggression directed towards the
older pups does not constitute a weaning mechanism but is
probably related to the protection of the neonates.

The present results show that when pups of two different-age
litters share the same nest environment, the mothers can adapt
their behavior and direct maternal care preferentially toward the
newborns. Maternal behavior and maternal motivation decline
as lactation progresses [39,40], probably because older pups
elicit less maternal behavior than newborns.

4.5. Juveniles showed parental behavior toward younger
siblings

In agreement with previous results [11], all juveniles licked
their newborn siblings and spent significant amounts of time in
contact with them, even when the mother was not present in the
nest.

Juveniles may obtain direct benefits from the increased
social and parental experience gained by interacting with the
younger siblings [31,41]. Indeed, prior cohabitation with
newborn pups reduces the latency to become maternal in
adulthood [10,11,42,43]. Also, as discussed previously, the
heightened parental responsiveness of juvenile rats could be a
mechanism that evolved via kin selection to ensure that an older
litter would not attack its younger siblings [44].

4.6. Experience with younger siblings affects emotionality of
overlapped reared juveniles during adulthood

Being reared in close contact with younger siblings induced
licking behavior in juveniles and reduced anxiety-like behaviors
in the plus maze test in males and diestrous females compared
with age-weaning matched animals without newborn experi-
ence. In this line, primiparous rats are less anxious in the
elevated plus maze than nulliparous during proestrus [18]. Also,
prior maternal experience, following pregnancy and parturition
or through a sensitization procedure, establishes a “maternal
memory” that persists for up to 80 days, inducing similar
diminished levels of anxiety [45]. Taken together, these results
and present study support the idea that the prior maternal
experience can differentially affect animals' responses to
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environmental stimuli. It is possible that under more stressful or
challenging circumstances than the typical laboratory condi-
tions, females with prior experience with younger siblings may
be more successful mothers with their first litter [11].

Alternatively, the overlapping litter model could be viewed
as an early social-enriched environment. In this line, rabbits that
have higher degrees of social interaction during the juvenile
period, exhibit less fear behavior when confronted to experi-
mental aversive stimuli in adulthood [46].

As discussed in a recent study [14], when reared in a
complex social condition, factors other than maternal be-
havior occurring in the early postnatal life could shape the
adult emotional response. Interestingly, opposite results were
found in the communal rearing model, as a highly social
stimulating environment (three mothers keep their pups
together and share care-giving behavior) increases levels of
anxiety in adult mice and brain-derived neurotrophic factor
(BDNF) levels [47]. We can hypothesize that the interaction
with younger siblings could promote a decrease of BDNF
levels in hippocampus or other brain areas related to anxiety
regulation.

It is worth mentioning that juveniles in overlapped litters
received less total nursing during the neonatal period from
their pregnant mothers than their controls. As differences in
maternal behavior importantly affect offspring's responses
[15,48], this factor must be taken into account. However, the
behavioral component that is critically involved in these
effects is the licking behavior [15], that was not different
between pregnant and non-pregnant mothers. Also, during the
juvenile age, overlapped offspring received more nursing
behavior and less licking behavior than their weaning-matched
controls. We may also discard this factor in the emotionality
effects as it has been shown that the influence of maternal care
occurs during the early postpartum period [15,48] but not at
later stages of lactation [49,50]. Taken together, these data
suggest that there is no influence of maternal behavior on the
effects observed in overlapped reared juveniles' emotionality
during adulthood.

The decreased anxiety of parentally experienced animals
was observed only in the plus maze test while behavioral
responses in the open field test were not different, suggesting a
context specific response [46]. The difference between the
behavior of animals in the two models could be attributed to a
more aversive situation induced in the open field. Indeed,
mother rats are less anxious in the plus maze test [51] but not
when confronted with a bright white light illuminated open
field [52,53], which is considered a highly anxiogenic situation
[54].

In summary, postpartum mating give rise to a more complex
family unit consisting of the mother and two overlapped litters
in which she can adapt her behavior to the different
characteristics of the pups. The overlapping of litters provides
a highly stimulating social environment for juveniles, as it
allows an increased interaction with their mother and the
development of parental behavior toward younger. These
changes in early experience long-term modified the affective
behavior of both adult male and female rats.
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