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ABsTRACT. Interspecific competition may influence demographic parameters and affect population sizes
of competing species. In this study, we evaluated the effect of Akodon azarae abundance on demographic
parameters of other assemblage species through capture-mark-recapture data (CMR). In addition, we assessed
the effects of time fluctuation, anthropogenic disturbances (burning), climate (rainfall and temperature) and
endogenous variables (sex and abundance) on those parameters. The study was carried out in a railway bank
in central Argentina through monthly CMR surveys from November 2011 to May 2014. We estimated species
abundance using Pradel’s closed population models throughout a robust design. We modeled recapture and
survival probabilities by Cormack Jolly Seber models and seniority probabilities and population growth
rates by Pradel’s models. Akodon azarae abundance showed an inverse pattern to Mus musculus and Calomys
musculinus abundance. Population numbers of A. azarae declined after fire, whereas M. musculus and C.
musculinus increased their numbers and became the most abundant species. Akodon azarae abundance did
not affect any demographic parameters of the other species. Instead, time fluctuations, sex and temperature
explained those parameters. Even though burning changed species population numbers for a short period of
time, it did not affect demographic parameters of any species. Although A. azarae is considered a dominant
species, we did not find evidence that its abundance affects the demography of other small mammal
species. Railway banks would offer shelter and food for all species during the year, allowing them to
avoid competition for available resources. However, anthropogenic disturbances can produce changes in
the composition of small mammal assemblage since they affect habitat quality and allow invasive species
such as the Mus musculus to establish.

[Keywords: abundance, anthropogenic disturbances, capture-mark-recapture models, recruitment probabilities,
survival probabilities, Akodon azarae, house mouse]

ResuMEN. Competencia interespecifica y demografia de pequefios mamiferos en habitats lineales. La
competencia interespecifica puede influir en los parametros demograficos y afectar el tamafio poblacional
de las especies competidoras. En el presente estudio evaluamos el efecto de la abundancia poblacional
de Akodon azarae sobre los parametros demograficos de otras especies del ensamble mediante datos
de captura-marcado-recaptura (CMR). Ademads, evaluamos los efectos de la variacién temporal, las
perturbaciones antropogénicas (quemas), el clima (precipitaciones y temperaturas) y variables endégenas
(sexo y abundancia) sobre dichos parametros. El estudio fue realizado en un terraplén de ferrocarril en el
centro de la Argentina, a través de muestreos mensuales de CMR desde noviembre de 2011 hasta mayo de
2014. Estimamos la abundancia usando modelos de Pradel con disefio robusto para poblaciones cerradas.
Modelamos las probabilidades de recaptura y sobrevida mediante modelos de Cormack Jolly Seber y
las probabilidades de permanencia y tasas de crecimiento poblacional mediante modelos de Pradel. La
abundancia de A. azarae disminuyé después de la quema, mientras que las abundancias de M. musculus
y C. musculinus aumentaron hasta convertirse en las especies mas abundantes. La abundancia de A.
azarae no afecté ningtn pardmetro demografico de las demds especies del ensamble. Dichos parametros
fueron explicados por la variacién temporal, sexo o temperatura. Si bien la quema modificé los niimeros
poblaciones durante un periodo de tiempo corto, no afecté ningtin parametro poblacional. Aunque A.
azarae es considerada una especie dominante, no encontramos evidencia de que su abundancia afecte la
demografia de las demds especies. Los terraplenes de ferrocarril ofrecerian refugio y alimento a todas las
especies durante el afio, lo que permitirfa evitar la competencia por los recursos disponibles. Sin embargo,
las perturbaciones antropogénicas pueden producir cambios en la composicién del ensamble permitiendo
que especies invasoras como el ratén doméstico se establezcan.

[Palabras clave: abundancia, disturbios antrépicos, modelos CMR, probabilidad de reclutamiento, probabilidad
de sobrevida, tasa de crecimiento, Akodon azarae, ratén doméstico]
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INTERSPECIFIC COMPETITION AND DEMOGRAPHY OF SMALL MAMMALS IN LINEAR HABITATS

INTRODUCTION

Populations  inhabiting  spatially
heterogeneous landscapes are influenced
by multiple environmental factors that vary
over space and time (Tuljapurkar 1990; Post
et al. 1997). Intrinsic and extrinsic factors
may influence different demographic
parameters of animal populations (e.g.,
survival, reproduction, and recruitment) in
different directions and magnitudes (Oli and
Dobson 2003; Chen et al. 2014). Competition
and predation are considered among the
most important biotic processes influencing
species distribution and abundance (Huitu et
al. 2004). Additionally, the effects of weather
on vital rates are also important to elucidate
the ecological and demographic mechanisms
underlying the dynamics of populations in
fluctuating environments (Coulson et al. 2000;
Oli and Dobson 2001; Ozgul et al. 2004).

The effect of competition on populations
depends on interacting species, the strength
of the interactions, and the availability of
resources (Paine 1966; Bowers and Dooley
1991). Changes in abundance of dominant
species (numerically and competitively) may
have strong effects on community structure
and species diversity (Valone and Brown 1995;
Brady and Slade 2001). Competitive interac-
tion effects may be either direct, through inter-
actions between dominant species and other
community members (interference competi-
tion), or indirect, by changing the interactions
among them (Brady and Slade 2001; Sozio and
Mortelliti 2016). Interspecific competition may
influence demographic parameters, such as in-
dividual growth, fecundity and/or survival
(Begon et al. 1996), and therefore affect popu-
lation sizes of competitive species.

Evaluating interspecific competition through
field studies can be difficult (Hoeck 1989). Sev-
eral studies have showed that the removal of
dominant species may lead to an increase in
the abundance and affect the competitive re-
lationships of subordinate species (Paine 1966;
Busch et al. 2005; Brunner et al. 2013). To be
able to make strong inferences about interspe-
cific competition effects on populations, it is
important to evaluate demographic parame-
ters through capture-mark-recapture (CMR)
methods (Sozio and Mortelliti 2016). These
methods consider the variation in recapture
probabilities and provide unbiased estimates
of demographic parameters (Priotto et al. 2010;
Gomez et al. 2016). Another essential element
to consider in the evaluation of interspecific
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competition is the use of less biased probabi-
listic models of abundance estimations (Otis
et al. 1978; Graipel et al. 2014; Gémez et al.
2016). Closed population designs provide
more robust estimators and reduce bias (Otis
et al. 1978; Graipel et al. 2014).

Among species groups that coexist in agricul-
tural landscapes, small mammals are crucial
due to their contribution to well-structured
food webs (Salamolard et al. 2000; Butet and
Leroux 2001; Li and Wo 2007; Arlettaz et al.
2010). Additionally, they consume and dis-
perse plant material (Kollmann and Bassin
2001; Kollmann and Buschor 2002; Baraibar
etal. 2009; Fischer et al. 2011) and mycorrhizal
fungi (Schickmann et al. 2012), and consume
and control invertebrates (Gliwicz and Tay-
lor 2002). In central Argentina, particularly in
the southwest of Cérdoba province, the small
mammal assemblage is mainly represented by
the Cricetidae rodents Calomys musculinus, C.
venustus, C. laucha, Akodon azarae, A. dolores,
Oxymycterus rufus and Oligoryzomys flavescens.
In addition, the house mouse, Mus musculus
is also found (Simone et al. 2010; Martinez et
al. 2014; Gémez et al. 2015, 2016).

The small mammal assemblage has been
widely studied in the past and several stud-
ies have provided empirical evidence of com-
petitive dominance of A. azarae over the other
rodent species. In food addition experiments,
A. azarae was the only species that increased
its abundance (Cittadino et al. 1994), and
in behavioral studies this species showed
competitive dominance over C. laucha and O.
flavescens when resources were limited (Cueto
et al. 1995; Courtalon et al. 2003). Moreover,
Busch et al. (2005) performed a removal study
of A. azarae where M. musculus populations
were favored, increasing their abundance,
and showed higher pregnancy and lactation
rates in removal borders. Furthermore, stud-
ies carried out in Australia and New Zealand
showed that M. musculus is registered in high
numbers in agricultural fields with few or
no competitors (Singleton 1989; Ylénen et al.
2002; Pocock et al. 2005; Singleton et al. 2005).
However, in Europe and North America,
the house mouse has not been successful in
agriculture fields, possibly because it would
not be a good competitor with native rodent
species like Apodemus sylvaticus and Microtus
spp. (Berry and Tricker 1969; Tattersall et al.
1997). A study carried out in an urban area
of Argentina showed that the abundance and
reproductive activity of the house mouse were
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higher in those habitats where native species
were rare or absent (Gomez et al. 2008).

Although several studies of interspecific
competition in the small mammal assemblage
in Argentina have been carried out (Cittadino
et al. 1994; Cueto et al. 1995; Courtalon et al.
2003; Busch et al. 2005), none of them were
performed through the estimation of demo-
graphic parameters with CMR models. There-
fore, the aim of this work was to evaluate the
effect of interspecific competition between A.
azarae and the other assemblage species us-
ing a demographic approach with CMR data.
We hypothesize that, if there is competition
between species, changes in the abundance of
the dominant species modify the demographic
parameters of the less competitive species in
the assemblage. Therefore, we predicted that
changes in Akodon azarae abundance will affect
demographic parameters of the less competi-
tive species.

MATERIALS AND METHODS

Study area

We carried out this study on a railway bank
in the rural area of Chucul, in the southwest
of Cérdoba province, Argentina (64°11" W -
33°01’S). In this area, the weather is temperate
with an annual average temperature of 23 °C
and annual rainfall of 700-800 mm. Although
the area belongs to the Espinal ecoregion
(Burkart et al. 1999), native vegetation has
undergone marked alterations as a result of
agriculture and cattle farming. At present, the
landscape mainly consists of a heterogeneous
matrix of crop fields surrounded by different
types of linear habitats including crop field
margins, roadsides, riversides, fencerows and
railways. All these linear habitat types support
mixed vegetation dominated by native
herbaceous species together with introduced
weedy and invasive plants. Moreover, they
have a homogeneous plant cover of about 85%
throughout the year and a high availability of
seeds in the soil (Priotto et al. 2002).

Data collection

We analyzed the degree of competitive
interference between species using small
mammal data collected as part of demographic
studies of the assemblage species. We live-
trapped small mammals in a 6x15 grid using
traps similar to Sherman live-traps covering
the entire width of the railway bank (60 m).

VN SERAFINI ET AL

Ecologia Austral 29:416-427

We placed traps every 10 m and baited them
with a mixture of peanut butter and cow fat.
We checked traps daily in the morning. We
carried out monthly surveys through CMR
methods from November 2011 to May 2014
during three consecutive nights per month,
with the exception of five months due to
logistical reasons (September 2012, June,
August, September and October 2013, and
January 2014). In July 2013, the grid was
completely burned. We also modeled the
effect of this anthropogenic disturbance on
the demographic parameter estimations. We
identified trapped animals and marked each
individual with ear tags. We also recorded
weight, length, sex and reproductive state
(males: scrotal or abdominal testicles,
females: perforated or non-perforated vagina,
pregnancy evidence, visible nipples or not).

Data analyses

We developed all statistical analyses with
RMark library (Laake 2013) in R program (R
Core Team 2016). We estimated and analyzed
abundances of the most commonly captured
species: A. azarae, C. musculinus, C. venustus
and M. musculus. Abundance of each species
was estimated using methods for closed
populations through a robust design with a
full heterogeneity estimator, by which the data
are organized into primary and secondary
sample occasions. In this study, primary
occasions refer to the periods between months
and the secondary occasions to the periods
within each month (corresponding to the three
sampling nights). Abundance is estimated in
the secondary occasions, assuming that the
period is short enough to consider migration
and birth rate/mortality negligible (Cooch
and White 2019). This model provides robust
estimates of abundance for each period as
derived parameters (Gomez et al. 2016).

We evaluated interspecific competition
including A. azarae abundance as a predictor of
demographic parameters of the target species.
To compare the effect of competition with the
effect of other variables, we constructed and
compared several models: no time variation
(.), monthly variation (m), season variation (s)
and full-time variation (t). We also assessed
the effects of endogenous (sex and population
abundance) and exogenous (temperature,
rainfall and anthropogenic disturbance)
factors, including both combined and additive
contributions (Appendix). The null model
was also included. All co-variables were
standardized to have zero mean and a variance
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equal to one to help convergence (White
and Burnham 1999). Data series of climatic
variables were provided by the Universidad
Nacional de Rio Cuarto agrometeorological
laboratory.

Models were ranked according to Akaike’s
information criterion, corrected for small
sample size (AICc) (White and Burnham 1999).
Model comparison was based on the differ-
ences in AICc values (AAICc), and models with
AAICc values lower than two units were taken
as an evidence of support for the relationship
between the parameter and the covariate.
Model average was performed to estimate de-
mographic parameters when there was more
than one model with the same explanatory
power (e.g., AAICc lower than two units or
similar weights). First, we modeled recapture
probabilities (p), since they contribute less to
biological interpretation (Crespin and Lima
2006), with full time variation in apparent
survival (®) (Appendix). Second, using the
most parsimonious model selected for re-
capture probabilities, we modeled apparent
survival in relation to time variation and the
co-variates mentioned above (Appendix). We
used Cormack Jolly Seber (CJS) models for the
estimations of both recapture and survival
probabilities.

Finally, we modeled seniority probabilities
(v) and population growth rates (A) through
Pradel’s reverse models (Pradel 1996), using
the best models for recapture and apparent
survival probabilities (Appendix). Seniority
probabilities (y) can be considered as surviv-
al probabilities that extend backward in time
(Williams et al. 2002). They were estimated
by the method developed by Pradel (1996).
If an individual is alive and in the population
at time £, y is defined as the probability that
it was alive and in the population at time t-1
(Pradel 1996). Seniority probabilities are used
to estimate other related demographic param-
eters, such as the recruitment component (1-y)
of population growth rate (Nichols et al. 2000).
Population growth rate () was modeled us-
ing the Pradel survival and lambda model. To
minimize the number of parameters to be esti-
mated in these analyses, we only incorporated
the effect of each explanatory factor without
combined contributions in the models.

We used U-CARE program (Choquet et al.
2003) to assess the goodness of fit of the mod-
els. We estimated variance inflation factors,
i.e.,, median ¢ using the most complex model
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with the time-sex interaction on both appar-
ent survival (®) and recapture probabilities
(p) (White and Burnham 1999).

REesuLTs

We captured 771 individuals of seven small
mammal species during 6480 trap-nights,
256 A. azarae individuals (33.20% of the
total registered captures), 117 C. musculinus
(15.18%), 81 C. venustus (10.50%) and 317 M.
musculus (41.12%).

Population abundance

Figure 1 shows abundance estimated through
robust design for all species during the
sampling period. Akodon azaraeand M. musculus
were the most abundant species during the
study. Even though A. azarae numbers seem to
be the opposite of those of C. musculinus and
M. musculus at specific times during the study
(Figure 1a), no inverse patterns among their
abundances were observed (Figure 1b, ¢, d).
Population numbers of A. azarae declined after
fire whereas M. musculus and C. musculinus
increased their numbers, becoming the most
abundant species. In the next autumn, A. azarae
abundance started to increase, reaching values
as high as before the fire whereas M. musculus
and C. musculinus reached their minimum
numbers (Figure 1a).

Demographic parameter estimations

The goodness-of-fit test for the general model
CJS d(sex*t) p(sex*t) did not provide evidence
of lack of fit in any of the studied species (A.
azarae X?,=52.20, P=0.69, C. musculinus:
X?,=1.24, P=1.00; C. venustus: X?=2.04,
P=0.73 and M. musculus: X?,,=19.84, P=0.99).
Underdispersion of data was observed in some
species (C. venustus: C=0.51, M. musculus:
C=0.48).

According to model selection, we did not find
evidence that A. azarae abundance affects any
other species demographic parameters (Table
1, Appendix). Instead, we observed that time
fluctuations and extrinsic factors explained
variations of demographic parameters. The
most parsimonious model for recapture
and apparent survival probabilities for C.
musculinus indicated an effect of temperature
(Table 1, Figure 2a and 2b). Recapture
probabilities were greater during the warmer
months. By contrast, survival probabilities
were negatively associated with temperature,
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Figure 1. (a) Population abundance of the most captured species during the study. Vertical dotted line (July 2013)
indicates the burning event in the grid; relationship between Akodon azarae and (b) Calomys musculinus, (c) Calomys
venustus and (d) Mus musculus abundances.

Figura 1. (a) Abundancia poblacional de las especies méds capturadas durante el estudio. Linea punteada vertical (Julio
2013) indica el evento de quema del area de la grilla. Relaciones entre las abundancias de Akodon azarae y (b) Calomys
musculinus, (c) Calomys venustus 'y (d) Mus musculus.

Table 1. Null and statistical best models (AAICc<2) are denoted according to each model-specific variation in the
probabilities of survival (®), seniority (y) and recapture (p) probabilities, and population growth rates (1) for C. musculinus,
C. venustus and M. musculus. K: number of parameters. T°: temperature, t: time, f: fire, 1: rain, seas: season, (.): null.

Tabla 1. Modelo nulo y mejores modelos (AAICc<2), especificando su variacién para las probabilidades de sobrevida (D),
permanencia (y) y recaptura (p), y tasa de crecimiento poblacional (A) para C. musculinus, C. venustus and M. musculus.
K: niimero de parametros. T°: temperatura, t: tiempo, f: fuego, r: lluvia, seas: estacion, (.): nulo.

Species Demographic parameter Best Models K AIC? AAIC®  AIC weighte Deviance
Calomys musculinus ~ Survival D(T?) p(T9) 4 179.521 0.000 0.377 86.760
D(.) p(T?) 3 185.284 5.76 0.021 94.652
Seniority O(T?) p(T°) (1) 27 837.413 0.000 0.845 73.712
O(T2) p(T) v(.) 5 854.061 16.647 2,034 148.026
Growth rate O(T2) p(T®) A(t) 27 833.190 0.000 0.957 69.489
O(T2) p(T?) M) 5 852.281 19.02 0.000 146.246
Calomys venustus Survival D(f) p(sex) 4 114.645 0.000 0.149 72.777
D(sex+f) p(sex) 5 115.251 0.606 0.111 71.127
D(sex+T?) p(sex) 5 115.565 0.920 0.095 71.441
D(.) p(sex) 3 115.897 1.252 0.080 76.230
D(sex) p(sex) 4 116.120 1.482 0.071 74.260
D(sex+a.cv) p(sex) 5 116.274 1.629 0.066 72.149
D(T?) p(sex) 5 116.332 1.688 0.064 74.465
D(a.cv) p(sex) 5 116.444 1.799 0.060 74.576
Seniority D(.) p(sex) y(seas) 7 566.043 0.000 0.912 124.759
D(.) p(sex) y(.) 5 587.667 21.624 1.81° 153.289
Growth rate D(.) p(sex) A(seas) 7 566.043 0.000 0.884 124.759
() p(sex) A(.) 4 584.667  21.624 1.74% 153.289
Mus musculus Survival D(sex+t) p(sex) 26 531.700 0.000 0.709 222429
D(sex+t) p(.) 3 563.329 31.662 1.007 304.278
Seniority D(sex+t) p(T) v(f) 28 2272310 0.000 0.344 315.199
D(sex+t) p(T®) y(r) 28 2273.049 0.739 0.238 315.938
D(sex+t) p(T%) v(.) 27 2274113 1.803 0.140 319.351
Growth rate D(sex+t) p(sex) At) 48 2285.604 0.000 0.999 275.664
D(sex+t) p(sex) A(.) 27 2391.588  105.984 0 436.826

*Akaike’s information criterion, corrected for small sample size. "Differences in AICc (Akaike’s information criterion) values. ‘Weight
of Model.
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Figure 2. Population parameters (recapture probability (p), apparent survival (¢), recruitment (1-y) and population
growth rate [A]) of Calomys musculinus (a, b, ¢, d), C. venustus (e, f, g, h) and Mus musculus (i, j, k, 1). Vertical dotted line
(July 2013) indicates the burning event in the grid.

Figura 2. Pardmetros poblacionales (probabilidad de recaptura (p), sobrevida aparente (¢), reclutamiento (1-y) y tasa

de crecimiento poblacional [A]) de Calomys musculinus (a, b, c, d), C. venustus (e, £,
punteada vertical (julio 2013) indica el evento de quema del area de la grilla.

g, h) y Mus musculus (i, j, k, 1). Linea
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recording the highest survival probabilities at
thelowesttemperaturevaluescorrespondingto
austral winter months. Seniority probabilities
and population growth rates showed full time
variation. Recruitment showed two peaks
during the reproductive period and declined
abruptly during winter (Figure 2c). Population
growth rates showed a similar pattern to
recruitment, with values greater than one
during the reproductive period (Figure 2d).
The most parsimonious model for C. venustus
recapture probabilities showed differences
between sexes, being higher in females than
in males (Table 1, Figure 2e). There were
eight models (including null model) with
similar statistical support for describing C.
venustus survival probabilities. Most of them
included sex as explanatory variable (Table
1). Other explanatory variables included in
these best models were temperature, burning
event and C. venustus abundance. Results of
model averaging showed higher survival
probabilities in females than in males (Figure
2f). Recruitment probabilities and population
growth rates showed seasonal variation with
the highest numbers of recruited individuals
and population growth rates in summer
(Figures 2g and 2h). Finally, the most
parsimonious model for M. musculus recapture
probabilities showed the effect of sex, being
slightly higher in males than in females, and
for survival probabilities showed a combined
effect between sex and time, with higher
values in males than in females in almost every
month (Table 1, Figures 2i and 2j). There were
three models with similar statistical support
for describing seniority probabilities (Table 1).
Model averaging showed constant recruitment
with intermediate values throughout the study
period. Population growth rates displayed
full time variation without a clear fluctuation
pattern (Figures 2k and 21).

Discussion

Interspecific competition occurs when
the abundance of one species has negative
effects on the survival and growth rates of
other species (Begon et al. 1996, McCallum
2000). Studies carried out to test this kind of
interaction in small mammals of Argentina
have found that A. azarae is the numerically
and competitively dominant species in the
assemblage (Busch and Kravetz 1992; Cittadino
etal. 1994; Cueto et al. 1995; Busch et al. 2005).
These studies included removal experiments
of the strongest competitor or analyses of the
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relationships between the abundance patterns
of competitive species. However, the obtained
results could lead to misleading conclusions
either by a possible increase in the abundance
of subordinate species and consequently
changes in competitive relationships (Paine
1966; Brunner et al. 2013) or by the non-
existence of causality between the observed
patterns (Hodara et al. 2000).

Unlike previous works (Cittadino et al.
1994; Cueto et al. 1995; Busch et al. 2005), we
evaluated interspecific competition through
CMR statistical modeling, which considers
the variation in recapture probabilities and
provides unbiased estimates of demographic
parameters (Priotto et al. 2010; Gémez et al.
2016). We recognize that the present study
has some limitations in its design since it was
developed in a single grid, but we weighed
the time series, which is relevant in this kind
of study to obtain reliable information on the
effects of temporal variations in demographic
parameters (Gémez et al. 2016). Results of
our study show that changes in A. azarae
abundance did not influence the demographic
parameters of any species. Thus, we did not
find evidence that interspecific competition
between A. azarae and the target species is
occurring. Coexistence of all species could
indicate a differentiation in at least one aspect
of their niches (Begon et al. 1996). Therefore,
the current interspecific relationships may be
showing competition in the past (Pritchard
and Schluter 2001). In fact, there is evidence
that rodents have different activity times
in the study area, possibly as a mechanism
to avoid competition, e.g., A. azarae and
C. venustus have a partial overlapping on
their diets and space use (Bilenca et al.
1992; Polop 1996), but they differ in their
respective activity times (Priotto and Polop
1997). Additionally, competition occurs
when there are limited resources. So, if the
abundance of species never increases to
approach the potential carrying capacity
of the environment, species do not compete
(Huitu et al. 2004). This could be what is
happening on this particular study site where
resources are not a constraint. Railway banks
support a mixed vegetation, dominated by
native herbaceous species together with
introduced weedy and invasive plants and
constitute more stable habitats throughout
the year in the agroecosystem, since they
are less influenced by the surrounding
agricultural activity (Gémez et al. 2016).
Thus, interspecific competition for obtaining



INTERSPECIFIC COMPETITION AND DEMOGRAPHY OF SMALL MAMMALS IN LINEAR HABITATS

resources may not occur in these high-quality
habitats.

Despite the stability of railway banks, they
are sometimes subject to winter burnings. The
burning event assessed in this study produced
changes in the relative abundance of species,
resulting in an increase in the population
numbers of the most generalist species C.
musculinus and M. musculus, which became
numerically dominant. The colonization of
generalist species was possible because these
species are habitat tolerant and opportunistic
(Mills et al. 1991; Busch and Kravetz 1992;
Busch et al. 1997; Ellis et al. 1998), unlike A. az-
arae and C. venustus which are more dependent
on vegetation cover (Hodara et al. 2000; Busch
et al. 2001; Gomez et al. 2016). Even though
species numbers changed after burning, we
did not find evidence that this anthropogenic
disturbance affects any demographic param-
eter, which conforms with the results found
by Gémez et al. (2016) regarding burning
effects on A. azarae.

Other endogenous and exogenous explanato-
ry variables seem to explain variations of pop-
ulation demographic parameters. Our models
estimated the highest survival probabilities for
C. musculinus in winter. These results could
be a consequence of the increase of minimum
and average winter temperatures registered
in the study area according to data from the
Agrometeorological Laboratory. However,
long time series data sources are required
to obtain reliable information on the effects
of environmental variables on demographic
parameters (Gomez et al. 2016).

Obtaining several models with similar
statistical support to explain survival of C.
venustus may be due to the low number of
individuals used for parameter estimations.
However, some explanatory variables in the
best selected models (sex, abundance and tem-
perature) would seem to have an important
role in survival probabilities of this species.
The highest survival probabilities, number
of recruited individuals and peak in popula-
tion growth rates observed in summer may
be related to a higher primary production in
that period with sufficient food and shelter
availability (Lima and Jaksic 1998; Andreo et
al. 2009). Factors that regulate inter-annual
dynamics of C. venustus (Andreo et al. 2009)
seem to be similar to those that affect demo-
graphic parameters.
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In M. musculus, apparent survival showed
temporal fluctuation while recruitment
showed constant and intermediate values
throughout the study. Despite the fact that
other studies found that recruitment could
be more important than survival in house
mouse populations (Berry and Tricker 1969;
Lidicker 1976; Berry et al. 1982), survival had
the greatest contribution to the population
growth in the railway bank (y was higher
than 0.5 during all the study period). These
results may differ from other small mammal
species, in which survival only contributes
to population growth rate in the non-repro-
ductive period (Lima et al. 2003; Gomez et
al. 2016). Apparent survival estimated in
this study does not distinguish between real
mortality and emigration (Nichols et al. 2000;
Nichols and Hines 2002; Ozgul et al. 2004,
2007). Thus, lower survival in some periods
may suggest higher levels of emigration than
mortality. On the other hand, this species has
a high reproductive potential (Singleton et al.
2001). House mouse populations in southern
Australia can reproduce in any season of
the year, but typically breed from spring to
autumn (Singleton 1989; Mutze 1991; Twigg
and Kay 1994). In Argentine farms, Ledn et al.
(2012) did not find seasonal variations in M.
musculus reproduction, differing from native
species. There is also some evidence that food
supplies trigger the onset of breeding and the
provision of high-quality food can extend the
breeding season (Bomford and Redhead 1987).
Although Pradel’s model does not differenti-
ate between reproduction and immigration
as different sources of recruitment, constant
recruitment for M. musculus would be a con-
sequence of its reproduction, since juveniles
and pregnant females were captured year-
round. On the other hand, M. musculus has
increased its representativeness in the railway
bank from 3.02% in 1990-1999 (Goémez et al.
2016) to more than 40% during our study pe-
riod. This change could be a consequence of
its above-mentioned demographic character-
istics combined with the effects of a major an-
thropogenic disturbance that occurred in the
study area in 2009. This disturbance was the
reconstruction of a bridge which produced a
reduction of habitat quality and could have
negatively affected native species. Thus, this
railway bank became more suitable to the
generalist and opportunistic M. musculus.
Although we did not find negative effects
of A. azarae on M. musculus demographic pa-
rameters, we observed a spatial segregation
of the house mouse in the study area. In the
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railway zone next to the bridge, M. musculus
was numerically dominant (more than 80%
of captures).

Although A. azarae is proposed as a domi-
nant species (Busch and Kravetz 1992; Citta-
dino et al. 1994; Cueto et al. 1995; Busch et al.
2005), our results indicate that its abundance
did not affect demographic parameters of the
other rodent species in the assemblage. As
mentioned above, the lack of evidence of this
effect could be due to a number of factors,
including that we are currently visualizing
the ghost of past competition, a differential
space and time use by different species or

VN SERAFINI ET AL

Ecologia Austral 29:416-427

that other variables have greater effects on
demographic parameters than competition.
In addition, railway banks could offer shelter
and food for all species during the year, al-
lowing them to avoid competition for avail-
able resources. Nevertheless, composition of
small mammal assemblages can change with
anthropogenic disturbances, which affects
habitat quality and allows invasive species
as the house mouse to establish.
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