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INTRODUCTION

Calomys venustus is one of the most abundant
species in the small-rodent communities in-
habiting linear and less disturbed border habi-
tats including crop-field edges, railway banks

and roadsides of agrarian ecosystem of south-
ern Córdoba province, Argentina (Kravetz and
Polop, 1983; Polop and Sabattini, 1993; Priotto
and Polop, 1997). This species has specific
habitat requirements (Castellarini and Polop,
2002; Castellarini et al., 2002), a partitioned
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ABSTRACT: In order to determine winter survival and reproductive potential in cohort 2
(C2) and cohort 3 (C3) of Calomys venustus we compared these parameters between
individuals of these cohorts and their offspring. Forty six males (13 C2 and 33 C3) and 29
females (21 C2 and 8 C3) were observed from June to September to determine winter
survival. There were no significant differences in male and female survival between co-
horts. Twenty three male-female pairs of C2 and 14 of C3 were placed in different shelters
from October to January to determine the reproductive potential, which was measured as
litter size, number of litters, post-partum pregnacies utilization, offspring survival and growth
at weaning. There were not any significant differences in the considered reproductive
parameters between the two cohorts, except for post-partum pregnancies. C2 and C3
individuals as overwintering cohort would not contribute differently to cohort 1 abundance.

RESUMEN: Sobrevida y potencial reproductivo en diferentes cohortes de Calomys
venustus. Con el objetivo de de determinar la sobrevida invernal y el potencial reproductivo
de las cohortes 2 (C2) y 3 (C3) de C. venustus, dichos parámetros fueron comparados
entre individuos de ambas cohortes y su progenie. Para determinar sobrevida invernal, 46
machos (13 C2 y 33 C3) y 29 hembras (21 C2 y 8 C3) fueron monitoreados desde junio
a septiembre. No se encontraron diferencias significativas en la sobrevida de machos y
hembras entre las cohortes. Veintitrés parejas C2 y 14 C3 fueron ubicadas en refugios
desde octubre a enero para determinar potencial reproductivo medido como: tamaño de
camada, número de camadas, utilización de celo post-parto y sobrevida y crecimiento de
la progenie hasta el momento del destete. No se encontraron diferencias significativas en
los parámetros reproductivos considerados, excepto para la utilización del celo post-parto.
Los individuos de C2 y C3 no contribuirían de forma diferente a la abundancia de la
cohorte 1.
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space use and is characterized by a
promyscuous-polygynous mating system with
females exhibiting territoriality throughout the
year (Priotto and Polop, 1997; Priotto et al.,
2002). Population densities of C. venustus fluc-
tuate with different magnitudes within and
among years (Provensal, 2001; Castellarini and
Polop, 2002). Reproduction also varies within
and among years in relation to the differential
contribution of the cohorts (Polop et al., 2005).
According to the season of birth we consider
three cohorts in the C. venustus population,
cohort 1 (C1, animals born in September-De-
cember), cohort 2 (C2, animals born in Janu-
ary-March) and cohort 3 (C3, animals born in
April-May) (Polop, 1996; Polop et al., 2005).
As Wiger (1979) in Clethrionomys glareolus
and Zuleta et al. (1988) in Akodon azarae,
Polop et al. (2005) also define an over-winter-
ing cohort as a functional cohort. Individuals
of this cohort belong to C2 and C3; they were
born at the previous breeding period and sur-
vived until the following period, when they
produce the first offspring litters (C1). Repro-
duction starts with a first peak in pregnancy
rates of the over-wintering population in early
spring. After this, there are two peaks in preg-
nancy rates, the highest one produced by C1
in early summer and the second one produced
by C2 in late summer. In the middle of sum-
mer there are not captured over-wintering
animals, cohort 1 born in spring becomes resi-
dent and an increase in the recruitment of C2
and C3 individuals at the end of the autumn
causes a peak in annual population density. In
winter, after the breeding period, populations
decline sharply probably because of breeding
interruption and mortality increase (Polop et
al., 2005).

A “cohort effect” is a phenomenon where
cohorts of a population differ from each other
in some average property, such as reproduc-
tion and survival (Lindstrom and Kokko,
2002). In natural populations, variability in
climatic stochasticity during early development
is the most common factor that produces dif-
ferences between cohorts (Lindstrom, 1999;
Rodel et al., 2004) but an increased popula-

tion density may also have an effect (Lindstrom
and Kokko, 2002). Both population density
and abiotic variables may interact in deter-
mining the strength of the effect of poor envi-
ronmental conditions on early development
(Lindstrom, 1999, Lundberg et al., 2000).
Likewise, survival and reproduction may be
limited not only by environmental stochasticity
but can also be modified by individual char-
acteristics (Lindstrom and Kokko, 2002; Rodel
et al., 2004).

Polop et al. (2005) suggested that the mean
factor responsible for the differences in abun-
dance among years is the survival and fecun-
dity of cohort 1. They also suggested that the
proportion of C2 and C3 individuals in the
over-wintering population would be different
among years with different abundance, being
C2 individuals numerically dominant after a
high-density year and C3 dominant at the be-
ginning of increase years. In this way, any
difference in survival and reproductive poten-
tial between the different components of the
over-wintering cohort could then influence C1
abundance.

The aim of this study was to examine winter
survival and reproductive potential in cohorts
2 and 3. The reproductive potential was mea-
sured as litter size, number of litters, post-
partum pregnancies, offspring survival, and
growth at weaning. It is important to point out
that this study only tested whether innate dif-
ferences exist among individuals belonging to
the two cohorts.

MATERIALS AND METHODS

Experimental design

One hundred and seven rodents, 62 males and
45 females, were captured alive between April and
June 2001, in railway bank habitats in Chucul (64º
20’ 09” W, 32º 21’ 06” S), Río Cuarto Depart-
ment, Córdoba Province, Argentina. Captured ani-
mals were measured and weighed and assigned to
cohort 2 or 3 applying classification functions
(Provensal, 2001). These classification functions
were performed with animals of each cohort in a
semi-captivity study, where the majority of indi-
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viduals could be marked and assigned to their
cohort when they were just weaned. The classifi-
cation functions for each cohort and sex and for
each month were expressed by: Y=ax1+bx2-k;
where Y is a value associated with a defined co-
hort for each month, x1 and x2 were the values for
mass and body length respectively; a and b, their
respective coefficients, and k the constant for each
function (Provensal, 2001). All the analyses were
done considering sex, because of the observed
sexual dimorphism in the morphological charac-
ters considered (Polop and Provensal, 1999, 2000).

Animals uncertainly classified to a cohort were
not included in the analysis. Twenty three males
and 31 females were assigned to C2 and 39 males
and 14 females to C3. Seventy five animals, 46
males (13 C2 and 33 C3) and 29 females (21 C2
and 8 C3), were carried to shelters situated in the
Espinal Reservation in the Universidad Nacional
de Rio Cuarto campus. Each shelter was enclosed
by a concrete circle of 1 m of diameter and 0.7 m
of height, and covered by an iron mesh. Ad libi-
tum quantities of commercial trout pellets and water
were added weekly during the experiment in order
to homogenize food and water availability. On the
other hand, thirty two animals were kept under
laboratory conditions during winter.

The animals in shelters were observed weekly
from June (beginning of winter) to September
(beginning of spring) to determine winter sur-
vival.

Twenty three male-female pairs of C2 and 14 of
C3 were placed in different shelters from October
to January to determine reproductive potential.
These pairs were formed with the same individuals
used to determine survival (13 pairs of C2 and 8
of C3) and with individuals kept under laboratory
conditions during winter (10 pairs of C2 and 6 of
C3). In order to consider as a unique sample the
pairs of the same cohort coming from laboratory
or shelters, we compared their reproductive pa-
rameters by a Mann-Whitney test.

Litter size was measured as the number of off-
spring found after parturition. The number of lit-
ters was measured as the number of female partu-
ritions until the end of December. To determine
post-partum pregnancies we estimated the time
elapsed between parturitions. We considered post-
partum pregnancies when this period was smaller
than 26 days (Polop, 1996).

Pre-weaning survival of the first two litters of
C2 and C3 females was estimated weekly. Off-
spring growth of the first two litters of C2 and C3
females was determined recording mass and body
length at weekly intervals, beginning one week after

birth. Mass was recorded to 0.5 g and body length
to 1 mm.

Statistical analysis

We compared male winter survival data obtained
from each cohort employing LR test (Pyke y Th-
ompson, 1986). Female winter survival was tested
by a non-parametric test (Mann-Whitney). In or-
der to obtain a reliable result and considering that
the number of individuals was almost three times
greater in one cohort than in the other, different
comparisons were made considering the same num-
ber of animals of C2 and C3. We selected a ran-
dom sample of animals of the most abundant group
of equal size of the group with fewer individuals.

Comparisons between cohorts (C2 and C3 fe-
males) of the litter size of the first and second
litter, the number of litters and the pre-weaning
survival of the offspring were made with the Mann-
Whitney non-parametric test.

We used a 2 x 2 contingency table to determine
if there was an association between cohorts and
post-partum pregnancies.

The offspring growth curves of C2 and C3 fe-
males were compared using the equal slopes of
regression line test (Sokal y Rohlf, 1979) for each
litter and sex. Assumptions of normality were tested
by Kolmogorov-Smirnov test, and homogeneity of
variance was tested using Bartlett’s test.

RESULTS
Winter survival did not vary significantly be-
tween the two cohorts for both males (p>0.05)
and females (p>0.05). Survivorship curves for
each cohort and sex are shown in Fig. 1.
Cohort 3 males declined in week 5 and 9 but
90% of males lived up to the end of winter.
Cohort 2 males declined in weeks 3, 6 and 9,
but 75% of males lived up to the end of win-
ter. Six of 21 C2 females did not survive to
winter whereas all C3 females survived.

Mates of laboratory and sheltered animals
did not differ significantly in reproductive
parameters. The number of parturitions, the
means and ranges of litter sizes for the two
female cohorts are shown in Table 1. First
and second litter sizes did not differ signifi-
cantly between C2 and C3 females (U= 102.5;
p>0.05 and U= 112.5; p>0.05 respectively).
The number of litters was also not different
between C2 and C3 females (U= 69; p>0.05).
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The number of litters for both cohorts ranged
between 0 and 3.

Post partum pregnancies were significantly
greater in C3 than in C2 females (p= 0,002;
X2= 14,08, 1 df). Throughout the study, 73%
of females belonging to C3 had post partum
pregnancies, whereas less than a half of C2
females had post partum oestrous.

The first litter had a high survival rate for both
cohorts, reaching values higher than 90%. The
difference in the survival rate of C2 and C3
offspring was not significant (U= 73; p>0.05)
(Fig. 2). In reference to the second litter, C3
offspring had a high survival rate (85%), whereas
C2 offspring survival decreased progressively

until reaching 65% at the end of the study.
Nevertheless, the difference between them was
not significant (U= 20; p>0.05) (Fig. 2).

There was a good fit between mass and age;
and body length and age for each sex of the
first and second litter (Table 2). Both litters
had similar growth curves, with individuals
reaching similar mass and body length. Male
and female body growth curves of the first
litter are shown in Fig. 3. The curves showed
sexual dimorphism, with males achieving
higher mass and length than females. Mass
and lengths of both male and female offspring
from C2 and C3 mothers were not significantly
different (Table 2).
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Fig. 1. Survivorship curves of Calomys venustus males and females of cohorts 2 and 3.

Table 1
Number of parturitions, mean and range of litter size of cohorts 2 and 3.

COHORT 2 (23 pairs) COHORT 3 (14 pairs)
Litter Number of pairs Litter size Number of pairs Litter size

Mean Range Mean Range

FIRST 18 5.17 2-7 13 4.85 2-8
SECOND 14 7.07 2-10 11 5.91 1-8
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Table 2
Linear regressions between body weight and age and body length and age, according to sex and maternal
cohort in Calomys venustus offspring of the first and second litters.

FIRST LITTER SECOND LITTER

MALES FEMALES MALES FEMALES

Body Body Body Body Body Body Body Body
Weight Length Weight Length Weight Length Weight Length

Linear regression C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3 C2 C3

R2 0.84 0.92 0.89 0.9 0.9 0.85 0.9 0.87 0.91 0.89 0.94 0.9 0.91 0.94 0.91 0.93

Slope comparisons

F 1.9 x 10-4 0.2418 2.8 x 10-4 0.0545 0.8640 0.6756 3.1026 0.0757
d.f. 1, 146 1, 144 1, 159 1, 153 1, 98 1, 98 1, 100 1, 100

p 0.989 0.624 0.986 0.816 0.355 0.413 0.081 0.783
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Fig. 2. Survivorship curves of Calomys venustus first and second litters of cohort 2 and 3.
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DISCUSSION

Our results showed a high rate of winter sur-
vival. This suggests that in C. venustus mor-
tality would not explain the high winter disap-
pearance rate observed by Castellarini and
Polop (2002) and Polop et al. (2005) in field
studies. The optimal experimental conditions
in our study such as abundant food, presence
of shelters, absence of competitors, safety from
predation and the impossibility of animals to
disperse may be the cause of the high survival

of the cohorts, as it was observed in other
species (Beacham, 1979; Crespin et al., 2002).
These manipulations of the experimental con-
ditions may reduce the possibilities of extrapo-
lation of the results to natural conditions.
Nevertheless, due to the aim of this study, the
requirement of isolating the effect of cohorts
from the effect of environmental conditions
was given priority.

Cohorts 2 and 3, as the over-wintering co-
horts, constitute the breeding population at the
beginning of the breeding period. The number

Fig. 3. Growth curves of male and female offspring of the first litter for cohorts 2 and 3. a) Body length; b) body
mass.
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of individuals of each cohort at this time might
depend on both the number of individuals of
each cohort at the end of the previous breed-
ing period and on mortality/dispersal during
winter. Provensal (2001) found differences
in C. venustus in the proportion of C2 and C3
individuals between the end of the breeding
period and the beginning of the next one in
field studies. This author suggested that these
differences may be the consequence of differ-
ences in cohort survival, although in field only
apparent survival can be estimated since per-
manent emigration is not distinguished from
death (Crespin et al., 2002). In this study, we
tested if the innate differences among the in-
dividuals belonging to the two cohorts could
influence their survival in semi-captivity con-
ditions. We did not find any differences in
survival between the cohorts. We would ex-
pect that older individuals (C2 animals) would
have less winter survival rates than younger
individuals (C3 animals), as it was observed
in other species (Wiger, 1979; 1982). The ab-
sence of significant differences in winter sur-
vival between both cohorts suggests that the
physiological differences among individuals of
both cohorts, if any, would not be enough to
generate differences in survival. Therefore,
differences in proportions of C2 and C3 indi-
viduals between the end of a breeding period
and the beginning of the next one must have
alternative explanations, 1) a differential dis-
persal of C2 and C3 individuals, and in con-
sequence survival differences between cohorts
in the field. There was no evidence to prove
it in C. venustus; 2) an interaction between
the impoverishment of habitats and the cohort
might produce differential mortality in field
conditions, since the quality of the environ-
ment and the quality of the individual might
affect the performance of individuals
(Lindstrom, 1999; Lambin and Yoccoz, 2001;
Lindstrom and Kokko, 2002).

There was only one significant difference in
the reproductive potential between the two
cohorts. Cohort 3 females had more post-
partum pregnancies than C2 females. However,
the number of second litters was very similar
between the two cohorts. Thus, the shorter

interbreeding interval in C3 females is unlikely
to have much influence on subsequent dynam-
ics.

Nevertheless, the length of the breeding
period in C. venustus is variable (Polop et al.,
2005). Therefore, the association found be-
tween post-partum pregnancies and cohort
might influence the number of offspring pro-
duced by each cohort during a shortened breed-
ing period. Under these circumstances, a dif-
ferent number of C2 and C3 individuals in the
over-wintering population at the beginning of
the breeding season might generate a different
number of cohort 1 individuals. During post-
partum pregnancies, females must simulta-
neously meet the energetic demands of lacta-
tion and pregnancy (Lambin and Yoccoz,
2001). Therefore, the low number of postpar-
tum pregnancies of C2 females may be caused
by the inability of these individuals to undergo
two reproductive periods with high energetic
cost (gestation and lactation). This decreased
reproductive ability may be an evidence of
senescence of these eldest females.

In our study, C2 and C3 animals would not
contribute differently to cohort 1 abundance,
and in consequence the composition of the
over-wintering population does not fully ex-
plain interannual variations in cohort 1 abun-
dance. However, the lack of significant differ-
ences between the cohorts in survival and re-
productive potential may be due to the rela-
tive small sample sizes used in this study,
which probably increased the probability of
not detecting significant differences when they
occurred.

 Previous studies on C. venustus established
that females of the same age had different
survival and reproductive potential when they
came from populations with different densi-
ties (Provensal, 2001). These results and the
results obtained in the present study may sug-
gest that in C. venustus, density effects would
be interacting with cohort effects to determine
survival and reproductive potential. However,
we could not analyze the two cohorts in dif-
ferent density conditions, because our study
was conducted for only one year. To support
the conclusion, we suggest that a more con-
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trolled long-term study should be conducted
using greater sample sizes.
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