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ABsTRACT. Variation in population abundance is a consequence of changes in demographic parameters such
as survival and recruitment. These demographic parameters can be affected by intraspecific competition, thus
adults may play an important role influencing the survival and/or reproduction of juvenile individuals in
many species of small mammals. We present an analysis of Calomys musculinus populations using capture-
mark-recapture models in order to evaluate the effect of female removal on their demography. The study was
carried out in four enclosures during two different periods: a reference period and a treatment period, with
the removal of adult females. Reference period was analyzed to describe population demography without
manipulations. In treatment period, two control enclosures maintained both parents remained with their
offspring whereas other two enclosures had their adult females removed. Seven monthly trapping sessions
were carried out (spring to autumn). We estimated apparent survival, recruitment, population growth rates
and recapture probabilities. Models considered these parameters constrained to vary as a function of time,
enclosure, sex and/or treatment. During the reference period survival and recruitment showed sex and time
effects, survival was higher in females and decreased towards June; recruitment showed a peak in February
with a higher number of recruited males; population growth rates peaked in February and decreased towards
June. During the treatment period survival showed time effect whereas recruitment showed time and treatment
effects. Survival was higher at the beginning of the breeding period and decreased afterwards, and recruitment
was higher in control enclosures; population growth rates showed a similar pattern than in reference period.
There were not differences in growth rates and abundances between control and experimental enclosures.
Under our experimental and methodological conditions, the results would indicate that the absence of females
in experimental enclosures was not enough to cause a clear impact on final population size.

[Keywords: adult female removal, Calomys musculinus, population growth, recruitment, survival]

REsuMEN. Respuesta demografica ala manipulacion de hembras adultas en poblaciones del ratén maicero: La
variacién del tamario de una poblacién obedece a cambios en pardmetros demogréficos tales como sobrevida
y reclutamiento. Estos parametros demogréficos pueden estar afectados por la competencia intraespecifica,
de modo que los adultos pueden desempefiar un papel importante en la sobrevida y/o la reproduccién de
los juveniles en muchas especies de mamiferos pequefios. Estudiamos una poblacién de Calomys musculinus
utilizando modelos de captura-marcado-recaptura para evaluar el efecto de la remociéon de hembras sobre la
demografia de la poblacién. El estudio se realizé en cuatro clausuras durante dos periodos: periodo de referencia
y de tratamiento. El periodo de referencia permitié describir la demografia poblacional sin manipulacién
mientras que el periodo de tratamiento evalué la remocién de hembras. Se realizaron siete sesiones de trampeo
mensuales entre primavera y otofio. Se estimaron la sobrevida aparente, el reclutamiento, la tasa de crecimiento
poblacional y la probabilidad de recaptura. Los modelos fueron construidos con dichos parametros restringidos
a variar como funcién del tiempo, la clausura, el sexo y/o el tratamiento. Durante el periodo de referencia la
sobrevida fue mayor en hembras y disminuy6 hacia el mes de junio; el reclutamiento mostré un pico en febrero
con un mayor nimero de machos reclutados; la tasa de crecimiento poblacional mostr6 un pico en febrero y
disminuyé hacia junio. Durante el periodo de tratamiento la sobrevida fue mayor al comienzo del periodo
reproductivo disminuyendo posteriormente y el reclutamiento fue mayor en los controles que en los tratamientos
sin hembras; la tasa de crecimiento mostré un patrén similar al del periodo de referencia. La remocién de
hembras no afect6 las tasas de crecimiento ni el tamafio poblacional. Bajo nuestras condiciones experimentales
y metodolégicas, los resultados indicarfan que la ausencia de hembras en las clausuras experimentales no fue
suficiente para causar un efecto claro en el tamario final de la poblacién.

[Palabras clave: Calomys musculinus, crecimiento poblacional, reclutamiento, remocién de hembras adultas,
sobrevida]
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INTRODUCTION

Variation in population abundance is a
consequence of changes in demographic
parameters such as survival, recruitment and
immigration (Dobson & Oli 2001; Lima et al.
2001).

Demographic parameters can vary with
individual characteristics such as age,
sex, weight and reproductive condition,
and also as a function of biotic and abiotic
environmental variables (Lebreton et al. 1992;
Eccard et al. 2002; Crespin & Lima 2006). Intra
and interspecific competition can also affect
demographic parameters (Gurevitch et al.
1992; Eccard et al. 2002; Crespin & Lima
2006). Regarding intraspecific competition
and age structure of a population, adults
play an important role influencing the survival
and/or reproduction of juvenile individuals
in many species of small mammals (Wolff
1992; Pusenius & Viitala 1993; Wolff et al.
2002). In most rodent species, females are
generally assumed to have a greater impact
on reducing juvenile performance than males
due to the fact that females typically compete
for exclusive offspring-rearing space (Bond &
Wolff 1999; Wolff & Macdonald 2004).

The corn mouse, Calomys musculinus
(Muridae: Sigmodontinae), is the dominant
rodent species of central Argentina, and it
is mainly studied due to its role as reservoir
of Junin virus, the etiological agent of the
Argentine Hemorragic Fever (AHF) (de
Villafafie & Bonaventura 1987; Mills & Childs
1998). Calomys musculinus is a short-live
grassland mouse and is found in a variety of
habitatsincluding natural pastures, crop-fields,
border areas protected by wire fences with
little agricultural disturbance, road borders,
borders between cultivated fields or pastures
and railway banks of pampean agrarian
ecosystems (Busch et al. 2000; Sommaro et al.
2010a). Calomys musculinus populations are
characterized by seasonal density changes
with low density during winter and peaks
during late summer or mid autumn (Mills &
Childs 1998; Sommaro et al. 2010a). This mouse
has a promiscuous mating system and during
the breeding period females keep exclusive
home ranges and actively defend breeding
spaces (territories) irrespective of population
density (Steinmann et al. 2009; Sommaro
et al. 2010b). Reproductive females of C.
musculinus would defend an exclusive area
to avoid infanticidal females as an adaptation
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for pup defense (Coda et al. 2011). Therefore,
young females reaching reproductive age
will be at risk of competition with resident
adult females and should disperse. Calomys
musculinus males have home ranges twice as
large as those of females with high intra and
intersexual home range overlap, and exhibit
high level of intrasexual tolerant and amicable
behaviours (e.g., sniffing partner, encounter,
sharing space) (Steinmann et al. 2005, 2009).

We present a demographic analysis of C.
musculinus enclosure populations using
capture-mark-recapture models in order to
evaluate the effect of adult female removal on
the demographic parameters of populations.

METHODS

Experimental setup and field procedures

The study was performed in four 0.25 ha outdoor
enclosures (Figure 1) on Espinal Reservation, in
the National University of Rio Cuarto Campus,
Argentina (33° 07’ S, 64° 14" W). The study area
comprised a natural pasture interspersed with
brush and weed species, similar to C. musculinus
natural habitats. The four enclosures had similar
habitat conditions (i.e., floristic composition and
vegetation cover). Enclosures were successful in
limiting the entry of competing herbivores and
terrestrial predators. Although the natural pasture
within each enclosure had a high vegetative cover
of about 95% throughout the year, each enclosure
was supplied with six artificial shelters built with
bricks. Each shelter was enclosed by a concrete circle
of 1m diameter and 0.7 m high and covered with
iron mesh. On the inner margin of each enclosure,
a 1 m wide grass strip was devegetated .
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Figure 1. Enclosures located in the Espinal Reservation
(UNRC) campus. Enclosure details, with traps location
and artificial shelters.

Figura 1. Clausuras ubicadas en la Reserva de Espinal
(UNRC). Detalle de una clausura, con la ubicacién de las
trampas y los refugios artificiales.
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The study had two periods: 1) a reference period
(from November 2002 to June 2003) and 2) a
treatment period, with the removal of adult females
(from October 2004 to June 2005). The first study
was performed in order to describe population
demography without population manipulations.
To obtain the initial population for each enclosure
C. musculinus individuals were translocated
from an area located 30 km far from our study
place and mated in the laboratory. In November
- December 2002 (reference period), 24 adult
females and 24 adult males were mated whereas
16 adult females and 16 adult males were mated in
October - November 2004 (treatment period). This
difference was due to the fact that a lower number
of individuals were captured in treatment period.
Both sex and birth date of the offspring of the first
litter were recorded. Adults and their offspring
were ear-tagged for permanent identification. In
reference period, the initial population in each
enclosure was made up by six families (the mate
with their offspring). In treatment period, the initial
population in each enclosure was made up by four
families. In both periods, each family was carried
to the enclosures and located in an artificial shelter.
After three days the shelters were opened and the
animals dispersed into the enclosures. In treatment
period, treatments were assigned randomly to each
enclosure, in two enclosures (Experimental I and II)
only the adult males remained with their offspring.
The other two enclosures served as controls
(Control I and II) where both parents remained
with their offspring.

Each enclosure had a grid of 6x10 Sherman-live
traps placed at 6 m intervals. Thirty-two additional
traps were placed in the devegetated edge. Traps
were baited with a mixture of peanut butter and
cow fat and were checked each morning. For each
captured individual sex and body measurements
(weight and length of body and tail) were recorded.
All new individuals were marked with numbered
ear-tags and released at their site of capture.

Trapping sessions were taken from January to
June in reference period and from December to
June in treatment period. Monthly CMR trapping
sessions were conducted for 8 consecutive days. In
order to detect animals that were not able to settle
in the habitat area of the plot, animals that were
trapped two consecutive times in the devegetated
edge in the same trapping session were removed
from the population since we assumed that they
were not able to settle within the enclosures. During
the study, only five and 10 animals in reference
period and treatment period respectively were
removed because they did not settle in the habitat
area of the plot. In reference period, one of the
enclosures had to be discarded from the analysis
because a high trap mortality registered in January
could have confounded the results obtained. This
trap mortality could be in relation to the fact that the
traps were checked just at midday in this enclosure
due to operational problems.
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Analytical procedures

Apparent survival (¢) and seniority (y)
probabilities variation was modelled following the
CMR methodology using program MARK (White
& Burnham 1999). To assess the goodness-of-fit of
the models we used program U-CARE (Choquet et
al. 2003). In reference period several models were
constructed with the two parameters constrained to
vary as a function of time (t), sex (s) and enclosure
(e). Models were ranked according to Akaike’s
Information Criterion, corrected for small sample
size (AIC) (Burnham & Anderson 1998). Model
comparison was based on the differences in AIC_
values (AAIC ), so when AAIC_values were greater
than two units, the model with the lowest AIC,
could be considered a statistically better description
of the process that generated the data. We started
by modelling survival and recapture probabilities
as a function of time, sex and enclosure in reference
period (with interactions and additive effects among
them). Seniority was also constrained according to
time, sex and enclosure in reference period (with
interactions and additive effects among them).
Seniority probability was estimated by a method
developed by Pradel (1996). Seniority probabilities
are used to estimate recruitment component (1-y)
of population growth rate (Nichols et al. 2000). The
best resulting models obtained from the analyses of
survival and seniority were selected and included in
the analysis of treatment effect in treatment period
to test if these parameters were best modelled by
treatment.

Population growth rate (A) was modelled using
Pradel (1996) survival and lambda model in
program MARK. The best model for survival and
recapture probabilities in each period was used to
model population growth. To minimize the number
of parameters to be estimated in A analyses, we
analysed sex and enclosure (in reference period)
and sex and treatment (in treatment period)
effects by examining both combined and additive
contributions of each effect to time dependent
population growth rates. Population densities
were estimated using the program CAPTURE
(White et al. 1982) incorporated as an independent
module into program MARK. The estimations were
performed for each enclosure in reference period
and for control and experimental enclosures in
treatment period.

REsuLTs

The goodness of fit test for reference period
data showed there was not either transient
(individuals never recaptured) (N(0,1)
statistic for transients=-0.956; P=0.830) or
trap dependency (N(0,1) signed statistics for
trap dependency=-1.163; P=0.245) effects.
By contrast, in treatment period there
was no transient effect (N(0,1) statistic for
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transients=-0.115; P=0.546), but significant
trap dependency (trap happiness; N (0,1)
signed statistics for trap dependency=-4.705;
P<0.000) was registered. Hence we used QAIC
for model selection. QAIC is a measure that
provides a compromise between bias and
precision when the global model does not
fit the data and incorporates a variation
inflation factor ¢ (Anderson et al. 1994; Telfer
etal. 2002). We estimated c from the goodness
of fit chi-square statistic and its degrees of
freedom (Anderson et al. 1994). Models with
differences in QAIC_ of <2 were considered
similar in their ability to describe the data
(Burnham & Anderson 1998).

Survival probabilities decreased towards the
end of breeding (April) and the beginning of
the non-breeding periods (May-June) (Figure
2). Females generally had higher survival
probabilities but the inverse was observed in
April- May. There were three approximating
models with similar support (AAIC<2) for
describing survival and recapture probabilities
in reference period (Table 1). We did not
expect enclosure effect in survival since the
three enclosures had similar foundational
populations and habitat conditions (vegetation
cover, weather) and trapping sessions were
carried out at the same time. The low number
of replicates could cause the inclusion of the
models {(e+s+t), p(.),(e+s+t), p(s)} as two of
the best models. For this reason, we selected

Reference period
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Table 1. Statistical best models of reference and treatment
(removal of adult females) periods are denoted according
to each model-specific variation in the probabilities of
survival (¢) and recapture (p)); (*) and (+) symbols mean
combined effects and additive effects respectively. Only
models with AAIC_or AQAIC <2 are shown. AIC_and
QAIC : measure of each model fit; K: number of estimable
parameters.

Tabla 1. Mejores modelos estadisticos de los periodos de
referencia y tratamiento (remocién de hembras adultas),
denotados de acuerdo a cada variacién especifica en
las probabilidades de sobrevida (¢) y recaptura (p); los
simbolos (*) y (+) significan efectos combinados y aditivos
respectivamente. Sélo se muestran modelos con AAIC,
0 AQAIC <2. AIC y QAIC: medida de ajuste de cada
modelo; K: nimero de pardmetros estimables.

Period Best models AIC.  AAIC, K
Reference period (4. p)} 615782 0.000 11
{denp0}  617.646  1.865 11

(PesssnPe) 617759 1977 12

QAIC AQAIC?

Treatment period (4. p()}  404.838 0.000 8
{po,P0)}) 405010 0171 7

{par+t pe)} 406041 1202 9

the model with sex and time effects for
survival and constant recapture probabilities
{(s*t), p(.)}, which was biologically plausible,
for analysing survival in this period. We
included the most biologically plausible and
parsimonious model identified for survival
and recapture in reference period and tested
for treatment, sex and/or time variations in
these parameters in treatment period. From the
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Figure 2. Demographic
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candidate model set, there were three models
with similar support for describing survival
(Table 1). We selected the simplest of the best
approximating models, thus survival showed
a time effect whereas recapture was constant
{(t), p(.)}. Apparent survival probabilities had
similar time pattern than in reference period
but without sex effect, with decreasing values
towards the end of the reproductive period
(April) and the beginning of non-reproductive
period (May-June) (Figure 2).

There were three approximating models
with similar support (AAIC<2) for describing
seniority in reference period (Table 2). The
most parsimonious model indicated an
additive effect of sex and time on seniority
probabilities and constant recapture {y(s+t),
p()}. Thus, when we analyzed recruitment
(1-y), the peak of recruited individuals was
observed at the end of summer (February-
March) and there were more males recruited
in all trapping sessions (Figure 2). We included
the most parsimonious model identified for
seniority and tested for treatment, sex and/or
time variations in this parameter in treatment
period. There were two approximating models
with similar support (AQAIC<2) and the same
number of parameters for describing seniority
probabilities (Table 2). In the model with the
lower QAICc {y(tr+t), p(.)}, control enclosures
had higher recruitment probabilities than
experimental enclosures in all time intervals
(Figure 2). The other model {y(s+t), p(.)}

Table 2. Statistical best models of reference and treatment
(removal of adult females) periods are denoted according
to each model-specific variation in the probabilities of
seniority (y) and recapture (p); (*) and (+) symbols mean
combined effects and additive effects respectively. Only
models with AAIC or AQAIC <2 are shown. AIC and
QAIC : measure of each model fit; K: number of estimable
parameters.

Tabla 2. Mejores modelos estadisticos de los periodos de
Referencia y Tratamiento (remocién de hembras adultas)
denotados de acuerdo a cada variacién modelo-especifica
en las probabilidades de permanencia (y) y recaptura (p);
los simbolos (*) y (+) significan efectos combinados y
aditivos respectivamente. S6lo se muestran modelos con
AAIC_ o AQAIC =2. AIC_y QAIC: medida de ajuste de
cada modelo; K: niimero de pardmetros estimables.

Period Best models AIC® AAIC® g«
Reference period vy P} 668769 0000 11
{Y(s P} 669.773  1.004 11
(yesipo) 670507 1737 7

QAIC® AQAIC?
Treatment period  {yr+),P()} 428.875 0.000 8
yenPe) 430571 169 8
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Figure 3. Population abundances of C. musculinus in
reference and treatment (removal of adult females)
periods.

Figura 3. Abundancias poblacionales de C. musculinus
en los periodos de referencia y tratamiento (remocién de
hembras adultas).

showed more recruited males than females
in all months.

We used the model with sex and time effects
in survival and constant recapture {(s*t), p(.)},
which was biologically plausible, for analysing
population growth rates in reference period.
The best approximating model for describing
population growth in this period included the
interaction between enclosure and time (Table
3). The pattern was similar among the three
enclosures, the highest population growth
rates were observed at the end of summer
(February-March) in the three enclosures, but
enclosure 1 showed a lower value than the
other two (Figure 2). Afterwards, population
growth started to decrease to values near or
lower than 1 (Figure 2). We used the most
parsimonious model identified for survival
and recapture probabilities {(t), p(.)}, and tested
for treatment effect in population growth rates
in treatment period. There were three models
with similar support (Table 3), but the most
parsimonious one did not show treatment
effect but only time effect on population
growth. The observed pattern was similar to
reference period, with the highest population
rate at the end of summer (Figure 2).

Comunicacion breve



126

Table 3. Statistical best models of reference and treatment
(removal of adult females) periods are denoted according
to each model-specific variation in the probabilities of
survival (@), population growth rate () and recapture
(p); (*) and (+) symbols mean combined effects and
additive effects respectively. Only models with AAIC_or
AQAIC <2 are shown. AIC_and QAIC : measure of each
model fit; K: number of estimable parameters.

Tabla 3. Mejores modelos estadisticos de los periodos de
referencia y tratamiento (remocién de hembras adultas)
denotados de acuerdo a cada variacién modelo-especifica
en las probabilidades de sobrevida (¢), tasa de crecimiento
poblacional (1) y recaptura (p); los simbolos (*) y (+)
significan efectos combinados y aditivos respectivamente.
Sélo se muestran modelos con AAIC_ o AQAIC =<2. AIC,
y QAIC_: medida de ajuste de cada modelo; K: ntimero
de pardmetros estimables.

Period Best models AIC* AAIC® K°
Reference period {¢*),P0)Men} 1621.6 0.0 25

QAIC® AQAIC?

Treatment period {g@®,P() A}  952.3 0.0 13
(opodarn) 9534 108 14
953.6 1.27 14

{ge.PO s+

In both periods, population densities showed
a peak at the end of summer and beginning of
autumn,andlowernumbersafterwards (Figure
3). In reference period abundance pattern was
similar among the three enclosures, except that
enclosure IV peaked one month earlier than
the other two. In treatment period, population
densities were estimated for control and
experimental enclosures separately. The
pattern of abundance was similar between
control and experimental enclosures except
that experimental enclosures peaked one
month earlier than control enclosures. The
estimation of population growth rates (Figure
2) reflected the abundance pattern observed in
the enclosures in both periods (Figure 3). Due
to the fact that recapture probabilities were
always best modelled with constant values;
we used the Null model to estimate population
densities in CAPTURE program.

Discussion

Calomys musculinus females are territorial,
they have exclusive home ranges and
aggressive behaviour towards other females
in association with the defense of their own
home range as an adaptation of pup defense
(Steinmann et al. 2006; Steinmann et al. 2009;
Coda et al. 2011). Considering this behaviour,
it would be hope that the presence of adult
females would cause poor survival and/or
lack of reproduction of the females reaching
reproductive age. In this experimental
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study, the most parsimonious model in
survival analysis showed time effects but
not sex effect. Recruitment probabilities were
higher in presence of adult females (control
enclosures), possibly due to the fact that
these females would contribute with a higher
number of new recruited individuals until
juvenile females started to reproduce. In spite
of the differences in survival and recruitment
probabilities, there were not any differences
in population growth rates between control
and experimental enclosures. The positive
effect that the higher recruitment probability
would have on growth rate of C. musculinus
in control enclosures would be damped by
lower survival in these populations. Thus,
the population growth rates at the end of
the study were similar between control and
experimental enclosures.

The populationdemography of bothreference
and treatment (i.e., removal of adult females)
periods showed similar time pattern, but they
seemed to be also influenced by other different
factors. In reference period sex and time were
the most important factors that influenced
both survival and recruitment probabilities.
In treatment period there were two models
with similar support to explain recruitment,
one including the same factors than in the
first period and the other with treatment and
time effects. On the other hand, in this period
survival was only explained by time. Although
in this period the survival models including
treatment had similar support to the most
parsimonious model, they were discarded
due to their higher number of parameters for
estimating.

Considering the demographic parameters
analyzed in this study, it would be important
to emphasize some results. Pradel’s model
does not differentiate between reproduction
and immigration as different sources of
recruitment. However, recruitment in our
study, developed with enclosed populations,
would be almost entirely from reproduction
(Priotto et al. 2010). Temporal variations in
recruitment would be in relation to the annual
reproductive pattern observed in this species,
where a peak in reproduction is registered
in summer (Polop & Suarez 2010). This
reproductive pattern would cause an increase
of the summer-autumn population numbers
as we observed in the enclosed populations.
Besides greater numbers of captured males,
as we observed, are common in sigmodontine
rodents due to their high movement rates
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(Polop & Suérez 2010; Sommaro et al. 2010a).
In relation to survival probability, there is
not any information about capture-marked-
recapture data in natural populations but a
winter declination in numbers associated with
breeding interruption and mortality increase
was observed (Polop & Suéarez 2010; Simone
et al. 2010; Sommaro et al. 2010a). This would
be in agreement with the decreasing survival
probabilities observed in this study. Finally,
temporal variation in growth rates was a result
of temporal variation in both survival and
seniority. In both periods population growth
rates peaked at the end of summer (February-
March), this observation is in agreement with
the highest population numbers registered
in late summer and early autumn (March
and April) in the enclosures. This pattern of
population abundance matches that observed
in C. musculinus natural populations (Mills &
Childs 1998; Sommaro et al. 2010a).

In this study to consider some methodological
aspects would be relevant. Firstly, there were
not any clear differences among the best
approximating models; there were various
models with similar support in almost
all analyses of demographic parameters.
Considering that habitat conditions and
trapping schedule were similar among
enclosures we did not expect enclosure effects
in recapture and demographic parameters.
The low number of replicates could reduce
our statistical power to find clear differences in
these parameters. In a study developed in the
same enclosures with Calomys venustus, Priotto
etal. (2010) found that the statistical power to
find differences in survival estimations would
increase 40%, considering the quadruple
number of replicates. One needs to be cautious
since some biologically significant effects in
reducing juvenile performance (survival and
reproduction) might have been missed due to
the small sample sizes. Secondly, we set up
a monthly time scale to experimentally test
population changes in a short time interval (7
months) although most demographic studies
in mammals involve long term analysis with
annual and/or seasonal time scales (Lima
et al. 2001; Crespin et al. 2002; Pocock et al.
2004; Ozgul et al. 2007). This was possible due
to the fact that C. musculinus has a short life
expectancy, a multivoltine life cycle and a clear
breeding period (Mills & Childs 1998; Polop
& Suérez 2010). Finally, our study attempts to
analyze the demography of populations under
experimental conditions using methods that
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account for variation in capture probabilities
and that provide unbiased estimates of
demographic parameters (CMR methods).
Despite the lack of clear treatment effects, the
use of this methodology allows us to estimate
demographic parameters of C. musculinus
populations. The development of statistical
models for demographic analyses based
on CMR data has great potential in rodent
management studies (Lima et al. 2003). The
demographic parameters would be useful
to be incorporated in population dynamics
models of this species. The link between
demography and population dynamics could
be very useful for gaining an understanding
of rodent population fluctuations (Lima et al.
1999, 2003).

In summary, the results of this study could
indicate that the low number of adult females
and the absence of them in experimental
enclosures were not enough to cause a
clear effect in juvenile female performance.
Nevertheless, female density values higher
than those manipulated in this study, with
a greater number of females with regard to
the number of available reproductive spaces,
might show the effect of female spacing
behaviour on population performance in C.
musculinus populations.
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