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I?erbii.l-. PHYSIOL BEHA V 36(6) 997-1003, 1986.-ln previous papers, we have identified a number of differences in both
the reproductive profiles and patterns of maternal care shown by female gerbils exhibiting vaginal opening either before or
after weaning. Early-maturing females delivered their first litters when younger. produced a greater percentage of female
offspring/litter, and a greater percentage of early-maturing daughters than late-maturing females. Further, early-maturing
females exhibited reduced levels of maternal care. as assessed by time spent nursing, time pups were gathered in the nest,
and probability of retrieval of displaced young. In the present experiments, we found that equating age at first parity of
early- and late-maturing females (Experiment I) eliminated differences between them in pup gathering, but not in pup
retrieval or nursing. Further, equating age at tirst parity affected neither sex-ratios of litters at birth nor rate of maturation
of daughters. Equating litter size at birth, sex-ratio of litters at birth, and maternal age at first parturition (Experiment 2)
eliminated differences in the nursing hehavior of early- and late-maturing females and reduced differences in retrieval
hehavior, hut left rate of maturation of daughters unaffected. Last (Experiment 3). hoth daughters horn to early-maturing
females, reared by late-maturing females. and daughters born to late-maturing females, reared by early-maturing females,
exhibited rates of maturation typical of daughters reared by their natural mothers.

Maternal age Litter size Fostering Sex ratio

RESU LTS of recent studies in our laboratory [2,3] have
shown that age at vaginal opening is bimodally distributed in
the strain of domesticated Mongolian gerbil (Mcriones un-
guiculatus) currently available in North America. Within a
randomly-mated colony of domesticated gerbils maintained
in a single colony room, we found both precocious females,
exhibiting vaginal opening prior to reaching 23 days of age
(mean= 15.9:+:0.5 days), and late-developing females that
failed to exhibit vaginal opening until they were more than 27
days of age (mean=35.2:+:0.7 days) [2,3]. Review of the field
literature indicates that accelerated puberty, as measured by
weight at first pregnancy, occurs in free-living wild gerbils
[16] as well as in domesticated gerbils (see [3] for discus-
sion).

In domesticated gerbils, unlike domesticated mice 18,9],
age at vaginal opening is a predictor of subscquent repro-
ductive and maternal behaviors [2,3]. We have found a
highly significant positive correlation betwccn agc at vaginal
opening and age at first parturition in laboratory-reared ger-
bils [2]. Further, early-maturing female gerbils first re-
produced when younger, produced more litters during their
lifetimes, slightly (but not significantly) more young/litter,
and. consequently. more than twice as many offspring as
late-maturing females, Early-maturing females also both
gave birth to and wcancd a greater proportion of females/lit-
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ter and a higher proportion of early-maturing daughtersllitter
than late-maturing females [3]. Further, earlY- and late-
maturing female gerbils differed in their maternal behaviors.
Early-maturing females spent less time nursing their young,
were less likely to have their young gathered in the nest, and
retrieved fewer young displaced from the nest than late-
maturing females 13].

Although our previous studies have established the
existence of differences in both reproductive and maternal
behaviors of early- and late-maturing female gerbils, they
provide no information on the causes of these differences.
In the present paper, we begin analysis of the factors re-
sponsible for observed differences in the reproductive
profiles and maternal behaviors of early- and late-maturing
female gerbils by examining the possibility that any of a
variety of postnatal factors might bc causally related to ob-
served differences in their behavior.

First, as mentioned above, early-maturing female gcrbils
gave birth to their first and subsequent litters at an earlier
mean age than did late-maturing females. It is possible that
maternal behavior in gerbils varies as a function of age.
Differences in maternal behavior of mothers of different ages
might affect development of their daughters (for an analo-
gous case in malc rats sce [15]) resulting, for example. in
daughters born to younger females developing more rapidly
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than daughters horn to older females. Older female gerbils
might abo deliver smaller or more male-biased litters than
young ones 11,5,6, 12, 19,201. Thus, variance in the age of
mothers at first parturition might be responsible for observed
differences in their maternal behavior and development of
their respective young.

Second, early-maturing females matured in larger litters
than late-maturing females. Studies of both gerbils and other
rodent species suggest that relatively small litters receive
different patterns of maternal care than relatively large ones
110, II, 17, 21. 26]. Again, such differences in patterns of
m~ternal care might affect subsequent rate of development
of daughters and their offspring.

Last, late-maturing mothers reared daughters in predomi-
nantly male litters, while early-maturing females raised
daughters in predominantly female ones. Drickamer 171 has
shown in mice that presence of males in a litter retards rate
of development of female littermates. It is possible that the
concordance in rate of maturation of mothers and daughters
mentioned above results from similarities in the sex-ratios of
the litters they prodl!<..:e.

In the experiments described below, we delennined ef-
fects of maternal age on maternal behavior, sex-ratios of
litters, and rate of deveh \pment of daughters. We also exam-
ined effects of litter size and natal sex-ratio of litters on
maternal behavior and rate of sexual development of female
litter members.

GENERAL METHOD

Multiparous breeding pairs of Mongolian gerbils acquired
from Tumblebrook Farm (Brookfield, MA) served as the
source of all subjects. Breeding pairs were housed in poly-
propylene cages (35x 30x 15 cm) with hardware-cloth (1.27
cm) lids. Each cage was carpeted with a thin layer of wood-
chip bedding (Betta-chip, Northeastern Products Corp.,
Warrensburg, NY). The colony was maintained on ad lib
Purina Laboratory Chow and water in a single. tempera-
ture-controlled colony room illuminated on a 12-hr light-dark
cycle (lights on at 700 hours). Breeding pairs were examined
daily and, when the female was visibly pregnant (last third of
pregnancy), her mate was removed from her cage. Cages
containing pregnant females were examined twice daily
(1000 and ]500 hI') to determine date of parturition.

Pups in each litter were toe-clipped for individual recog-
nition on the day of their birth (Day I) and weaned to a cage
separate from their dam on Day 25. During the period from
birth to weaning, all female young were examined daily to
determine age at vaginal opening. Examination for vaginal
opening was accomplished by applying gentle pressure just
below the vagina. Those females that had not exhibited vagi-
nal opening before weaning continued to be examined daily
until vaginal opening had occurred.

Females exhibiting vaginal opening before Day 25 were
dassified as early-maturing and those achieving vaginal
opening after weaning, as late-maturing. As we have shown
previously [3], age at vaginal opening is bimodally distrib-
uted in domesticated gerbils. Thee was no overlap in the ages
at which early-maturing females (mean= 16.5:,::0.7 days) and
late-maturing females (mean=37.1 :'::0.8 days) exhibit vaginal
opening in the present experiments. Because we weaned our
gerbils at 25 days of age, it was convenient to use a criterion
of vaginal patency at Day 25 to discriminate early- from
late-maturing females. but any criterion from Day 23 to Day
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27 would have served equally well as none or our suhjects
exhibitl'd vaginal \Ipening during that period.

.

Except where indicated. all f! values reported hel"\1 die
for 2-tailed lests.

EXPERIMENT I

If differences in reproductive profiles and maternal be-
haviors of early- and late-maturing females reflect ditTer-
ences in their respective ages at first parturition, one would
expect early- and late-maturing females reproducing for the
first time at the same age to produce litters of similar size and
sex-ratio. and to have daughters that matured at the same
rate. Further. one would expect such females to exhibit simi-
lar patterns of maternal behavior. In the present experiment.
we compared reproductive profiles and maternal behav iors
of: (I) early-maturing females placed at weaning with sexu-
ally mature males (Early-maturing. early-bred Group). 12)
early-maturing females placed with s('xuall~ mature male, at
90-110 days of age (Farly-maturing. late-bred Cirl)Up'. "r.d
(.~) late-maturing kmales placed IIlth ,exu;!\!\ mature pule,

at 90--110 days of ;Ige (I ,ate-maturing. bll" br,'d (in'ul'l.

MltTlHll1

Sul'ied.1

Forty-four females from 27 litters reared in the McMaster
colony, as described in the General Method section. served
as subjects. At weaning, each subject was assigned to one of
three treatments: 10 subjects to the Early-maturing, early-
bred Group. 17 to the Early-maturing. late-bred Group and
17 to the Late-maturing. late-bred Group. All 10 lemales in
the first group. 15 of those in the second and 14 of those in
the third produced a litter before reaching 210 days of age.
All 10 females in the first group. 14 of those in the second.
and 12 of those in the third reared some pups to weaning.

Procedure

Bre<'llin!:. Each subject in the Early-maturing. early-bred
Group was paired with an adult male of proven fertility on
the day of weaning (Day 25). Su~iects in Early-maturing.
late-bred and Late-maturing. late-bred Groups were placed in
sibling pairs until they were 90-110 days of age. at which time
each was placed with a proven adult male. Each subject was
left with her mate until she was either visibly pregnant or
reached 210 days of age. whichever occurred first.

Pups born to subject females were counted, sexed. and
toe-clipped for individual recognition on their day of birth
(Day I). Pups were counted for a second time at weaning
(Day 25). Each female pup born to subjects in the three
groups was examined daily from birth to weaning to deter-
mine her age at vaginal opening.

Testin!:. Maternal behavior of subjects was examined
using three indices: a measure of nursing. a measure of
gathering, and a measure of retrieval. Nursing and gathering
were assessed by examining the cage or each subject I"ice
daily (IOUO and 1500 hI') from parturition to weaning to de-
termine whether. at the time of inspection: ( I) all pups were

gathered in the nest and (2) the dam was in a nursing posture

over the pups and the pups were attached to the dam' s nip-
ples. Each dam was awarded two scores from 0-10 12 in-
spections/day x 5 days) indicating the number of inspection
periods in a 5-day block during which (I) her pups were
gathered in the nest and (2) the dam was nursing her young.
For purposes of statistical analysis. each female was as-
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TABLE I
CHARACTERISTICS OF FIRST LITTERS DELIVERED AND WEANED BY SUBJECTS IN EXPERIMENT

Mean age at first parturition*
Mean litter size at

Birth
Weaning

Mean percent males/litter at
Birth*
Weaning*

Mean percent early-maturing
daughters/litter*

*F ratios significant (p<O.05).
tGroup differs (p<0.05) from the other two groups in its row.
Measures of variance are S.E.M.s.

signed a single nursing and a single gathering score based on
all 50 (2 inspections/day x 25 days) observations of that
female.

Retrieval of subjects was assessed on Day 10 postpartum
when each dam was tested for her response to displacement
of two of her own pups from the nest. The experimenter
picked up the dam from the nest, removed two pups (I male
and I female, when possible), lowered the dam back on the
nest, and placed the two pups in the corner of the home cage
diagonally opposite the nest. During the 5-min period follow-
ing pup displacement, the experimenter observed behavior
of the dam. Retrieval testing was conducted blind.

S[lI[isliClIl Analysis

One-way ANOV A was used to compute effects of mater-
nal age at parity on reproductive and maternal behaviors.
Protected I-tests appropriate for unequal Ns 16]were used in
all pasl hoc analyses.

RESULTS

The main results of Experiment I are shown in Table I
and Figs. I and 2. As can be seen in Table I, litters born to
early-maturing early-bred females (mean age at vaginal open-
ing 17.1 :!::0.7 days) differed in a number of ways from those
born to late-maturing, late-bred females (mean age at vaginal
opening 37 .O:!::1.6 days). Litters of early-maturing, early-
bred subjects were slightly, but not significantly larger (both
Is<1.59, both ps>O.IO), contained a smaller proportion of
males at both birth and weaning (both [s>2.45, both
ps<0.05) and a greater percentage of early-maturing
daughters, t =2.06, p <0.05, than those of late-maturing sub-
jects. Reproductive profiles of early-maturing subjects bred
late (mean age at vaginal opening 16.4:!::0.8 days) closely
resembled those of early-maturing females bred early in spite
of the fact that members of the former group gave birth both
at approximately the same mean age as late-maturing sub-
jects bred late and at a significantly greater age than early-
maturing females bred early, [=6.69, p<O.OI. Age at
first parturition was not a determinant of the differences in

DAYS POSTPARTUM

FIG. 1. Mean gathering (left-hand panel) and nursing (right-hand
panel) scores of females in the three groups of Experiment I.

sex composition normally seen at birth in early-maturing and
late-maturing female gerbils, nor did it affect rate of mat-
uration of daughters.

There is some suggestion in the data presented in Table 1
that the greater mortality rate of pups from birth to weaning
seen in litters born to late-bred females may be age-related.
but differences in mortality rate of pups in the three groups
were nol statistically significant (Kruskal-Wallace one-way
ANOV A, H=2.84, p>O.(5). Although the rate of loss of
pups in the three groups (21.7, 2S.1, and 32.7 percent) may
seem high to those unfamiliar with reproduction in gerbils. it is
well within the normal range (approximately 30 percent 114j).

Figures la and 1b present, respectively. data describing
gathering and nursing behaviors of females in the three
groups. There was a main effect of groups on both nursing,
F(2,33)=4.20, p<0.05, and gathering, F(2,33)=7.26, p<O.OI,
behaviors. Posl hoc tests [6] revealed that, compared with
early-maturing, early-bred females, late-maturing, late-bred
females were more likely to be observed nursing their young,
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FIG. 2. Percentage of females in the three groups of Experiment I
retrieving one or both pr their pups when tested on Day 10
postpartum.

1= 3.33,p<0.01, and their young were more likely to he found in
the nest, 1=4.40, p<O.OI. Further, nursing scores of early-
maturing, late-bred females were significantly lower than
those of late-maturing females bred late, 1=2.15, p<0.05,
while gathering scores of early-maturing females bred late
were significantly greater than those of early-maturing
females bred early. 1=3.50, p<O.O I. Thus, age at parturition
affected gathering but not nursing behavior.

Figure 2 shows the percentage of subjects in each group
retrieving one or both pups during the retrieval test on Day
10 postpartum. Late-maturing females bred late retrieved
their young more frequently than early-maturing females
bred early (Fisher's Exact Test, p<O.OI, one-tailed test).
Early-maturing females bred late retrieved their pups signifi-
cantly less frequently than late-maturing females bred late
(Fisher's Exact Test, p =0.05, (me-tailed test) and with the
same frequency as early-maturing females bred early
(Fisher's Exact Test, p>0.05, (me-tailed test). Age at par-
turition did not affect retrieval behavior.

DISCUSSION

Taken together, the results of Experiment I suggest that
age of a female at parturition is nol an important determinant
of differences in reproductive and maternal behavior seen in
early- and late-maturing gerbils. Equating age at first parity
of early- and late-maturing females did not cause early-
maturing females to produce smaller litters or litters with the
sex-ratio or percentage of early-maturing daughters typical
l)f lalL'-maturing females. Similarly. delaying first parity in
c~\rl\ -maturing females did not significantly affect their nurs-
ing or retrieval behaviors, though it did affect their gathering
behavior. In general, it appears that differences in reproduc-
tive and maternal behaviors exhibited by early- and late-
maturing gerbils cannot be explained in terms of differences
in their ages at first parity.

CLARK AND GALEI'

DAYS POSTPARTUM

FIG. 3. Mean gathering (left-hand panel) and nursing (right-hand
panel) scores of females in the three groups in Experiment 2.

EXPERIMENT 2

As mentioned in the introduction. early-maturing gerbil
females producc relatively large, female-biased litters.
Late-maturing females produced relatively smaiL male-
biased litters. Differences in sexual composition of litters in
which daughters of early- and late-maturing females devel-
oped might influence their rate of sexual maturation. Differ-
ences in size or sex-ratio of litters born to early- and late-
maturing females might affect their dams maternal beahvior.
Further, differences in sex-ratio of litters or differences in
litter size might interact with differences in maternal age to
influence both maturation of daughters and maternal behav-
ior of mothers. In the present experiment, we held constant
both the size and sex-ratio of litters born to early- and late-
maturing females (the former bred both early and late) and
examined the effects of these manipulations on rate of sexual
maturation of female young and maternal hehavior of their
mothers.

METHOD

SulJjccI.I'

Forty-four females from 27 litters reared in the McMaster
colony, as described in the General Method section, served
as subjects. At weaning, each subject was assigned to one of
three Groups: 10 to the Early-maturing, early-bred Group
and 17 to each of the Early-maturing, late-bred and Late-
maturing, late-bred Groups. Nine subjects in the first group,
16 in the second, and 15 in the third gave birth prior to
reaching 210 days of age. Each of these 40 females reared
some of their pups to weaning.

Proccdurc

The procedure was identical to that of Experiment I ex-
cept that litters born to subject females were culled to 2 male
and 2 female pups on their day of birth.
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RESULTS AND DISCUSSION

As was the case in Experiment I, early-maturing females
bred early (mean age at vaginal opening 16.2:,:: 1.0 days) gave
birth at a significantly earlier age (mean=87.8:'::4.9 days)
than either early-maturing, late-bred (mean= 132.9:'::5.3
day,) females (mean age at vaginal opening 16.9:,::0.7 days)
or late-maturing late-bred females (mean age at vaginal
opening=38.5:':: 1.4 days; mean age at first parturition
129.2:'::4.5 days) (both Is>5.92, both ps<O.OI).

The percentage of early-maturing uaughters in litters
produced by early-maturing females breu early was high
(64.8%), as was the percentage of early-maturing uaughters
in litters of early-maturing females bred late (64.3%). Late-
maturing females bred late had significantly fewer early-
maturing daughters (31.8o/c» than females in either of the
other two groups (both X2S> 5 .11, both ps<0.02). Differences
in rate of maturation of daughtersbom to early- and late-
maturing females are not due to differences either in age of
mothers or size or sexual composition of their litters.

Nursing and gathering scores were affected by both size
anu sex-composition of litters and by age of mother. As can
be seen in Fig. 3, which presents nursing and gathering
scores of females in the three groups, equating size and sex-
ratio of litters and altering age of females at parturition had
significant effects on both measures of maternal behavior.
As in Experiment I, gathering scores for early-maturing
females bred early differed significantly from those of late-
maturing females bred late, 1=4.57, p<O.OI, and early-
maturing females bred late were significantly different in
their gathering scores from early-maturing females bred
early, 1=3.53, p<O.OI. Similarly, nursing scores for early-
maturing females bred early differed significantly from those
of late-maturing females bred late, 1=3.95, p<O.OI. In con-
trast to the results of Experiment I, in the present experi-
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FIG. 5. Percentage of early-maturing daughters raised hy early - and
late-maturing females. Left-hand panel: Foster-reared pups: Right-
hand panel: Pups reared hy own mother. Numhcrs within hal's
cc number of female pups/group.

ment, early-maturing females breu late were signifi<.:antly dif-
ferent from early-maturing females bred early in their nurs-
ing behavior, 1=2.25, p<0.05.

Comparison of the results of the test of nursing beha\ i,'r
in the present experiment with that of Experiment I suggest,
that effects of maternal age intera<.:l with litter c:haracteristi<.:s
to influence nursing behavior. Early-maturing females bred
late in Experiment \, rearing their natural litkrs, exhibited
nursing scores like those of early-maturing females hred
early. while, in the present experiment, early-maturin!;
females hred late, nursing only two male and two female
pups. exhibiteu nursing s<.:ores like those of late-maturing
females bred late.

Figure 4 presents data describing retrieval behavior of
subjects in the three groups. As examination of the figure
suggests, early-maturing, late-bred females were inter-
mediate between the other two groups in retrieval behavior.
They did not differ significantly from either (Fisher's Exa<.:l
Test, both ps>O.IO, one-tailed test). Late-breeding in-
teracted with litter size and litter composition to mouify re-
trieval behavior in early-maturing females.

Considered together, results of Experiments I and 2
suggest that differences observed in maternal behaviors
(nursing. gathering and retrieval) of early- and late-maturing
female gerbils are the result of uifferences in age at first
parturition and/or size and sex-composition of litters. Differ-
ences in rate of maturation of daughters in litters horn to
early- anu late-maturing females were resistant to manipula-
tion of these variables.

EXPERIMENT 3

Litters in Experiments I and 2 were reareu by their nat-
ural mothers. In consequence. it was not possible to deter-
mine whether observeu uifferences in the rate of maturation
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of daughters born to early- and late-maturing females were
due to postnatal influences exerted by the mother or to hered-
itary or prenatal influences. In the present experiment,
early-maturing and late-maturing females reared foster pups
10 addition to their own young, allowing determination of
effects of postpartum behavior of dams on rate of maturation
of females in their litters.

METHOD

Subjects

Seventeen late-maturing and 33 early-maturing females
served as subjects. These animals were born and reared in
the McMaster colony and placed with a proven male at 25
days of age. By selecting from among a much larger group of
parturient females those 50 females giving birth within 24 hI' of
another female, we were able to meet the procedural comJi-
tions described below.

Procedure

On the day of parturition, each subject was given one or
two foster pups from the litter of a female giving birth within
24 hI' of the subject. I itters of foster mothers were then
adjusted so that female:, in each of the three groups de-
scribed below reared an average of 5.8 pups: the one or two
foster females each received, I or 2 females from own
litters (depending on availability) and enough own
male young to bring litters to an average of 5.8 pups/group.
Variability in size and sex-composition of litters at birth pre-
vented a more precise method of composing litters. We
were, however, able to equate both mean litter size and
mean sex-ratio of litters reared by subjects in cach group.

Each subject female was assigned to one of three groups.
Seventeen late-maturing females reared female pups (n=22)
born to early-maturing females as well as some of their own
female pups (n= 17). Sixteen early-maturing females reared
female pups born to late-maturing females (n=24) in addition
to some of their own female young (n= 10), and, to control
for effects of the fostering manipulation, 17 early-maturing
females reared female pups born to other early-maturing
females (n=27) in addition to some of their own female
young (n=] I). Both fostered and naturally reared female pups
were examined daily from Day I to Day 25 to determine age
at vaginal perforation.

RESULTS AND DISCUSSION

The results of Experiment 3 are presented in the two
panels of Fig. 5 that show the percentage of early-maturing
fostered and natural daughters raised by mothers in each of
the three groups. As can be seen in the right-hand panel of
Fig. 'i, daughters born to and reared by early-maturing
mothers (mean age at vaginal opening 15.R:+:O.5 days) were
significantly more likely to exhibit vaginal opening prio{to
Day ~5 than were daughters born to and reared by late-
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maturing mothers (mean age at vaginal opening 37.6:,:: l.~
days) (Fisher's Exact Tests, both /ls<0.05).

The main results of Experiment 3 are found in the left-
hand panel of Fig. 5. Rate of maturation of foster-reared
pups was determined by their biological mother and not by
their foster mother. Pups born to late-maturing mothers and
reared by early-maturing mothers were significantly less
likely to exhibit vaginal opening prior to Day 25 than pups
born to early-maturing mothers and foster-reared by late-
maturing mothers (X2>5.26, p<0.(2). The difference
in rate of maturation of females born to early- and late-
maturing females is the result of prenatal rather than
postnatal events.

GENERAL DISCLISSION

Resuhs of the present experiments sugg<:st that dlfkr-
ences (I) in maternal behavior of earl\'- and late-m;\IlII'inl:
female gerbils and (2) differences in chara<.:leristil'S lJf thei~'
litters do not have similar causes. Reduced levels of malL'rnal
behavior (as measured by gathering. nursing and retrieval)
observed in early-maturing females are the result. either
singly or in combination, of the relative youth of early-
maturing females at first parturition and the large, female
biased litters they produce.

Sex-ratios of litters at birth and rate of maturation of
daughters are not intluenced either by maternal age or size or
sexual composition of litters. Events occurring following
birth do not appear to be important in determining rate of
maturation of daughters. Differences in sex-ratios of litters
born to early- and late-maturing females and differences in
rate of sexual maturation of daughters must rl'sull fwm
differences in geneli<.: makrial passed on by early- and lale-
maturing females to their daughters and/or from ditlerenccs
in thc uterine environments in which embryos and fetuses of
early- and late-maturing females develop.

It has been suggested that the proportion of males in lit,
tel's is a heritable characteristic in rats [\3 J, possibly
mediated by chemical characteristics of cervical fluids in-
fluencing relative longevity of X and Y sperm and. conse-
quently, sex-ratios at fertilization [22]. Uterine conditions
following fertilization of ova can favor differential survival of
either sex [17]. Rate of maturation of daughters, could, simi-
larly be influenced either by hereditary factors and/or by
effects of environments experienced by females ill utero [4,
23, 24, 25]. We are currently exploring effects of differences
in genotype and in the uterine environments provided by
early and late-maturing gerbils on sex-ratios of litters at birth
and rate of maturation of daughters.
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