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Abstract

The main goal of the paper was to determine the habitat distribution of the house mouse (Mus musculus) within
a rural landscape of Buenos Aires province, Argentina. We also studied the seasonal variation in abundance and
reproductive activity. The habitats studied were poultry farms, human houses in a small village, cropfields, pas-
tures, cropfield and pasture edges, riparian habitats (streams), railway embankments and woodlots. We captured
817 M. musculus and 690 individuals of 5 native rodent species. M. musculus was captured in poultry farms,
houses, riparian habitats, cropfield and borders, but it showed a significantly higher abundance in poultry farms
compared to the other habitats. Its presence outside poultry farms was significantly related to the distance to
streams and poultry farms. The mean trapping success index of M. musculus did not show significant variations
between periods, but the proportion of active males was significantly higher in the spring—summer period than
in the autumn—winter period. All captures of M. musculus in cropfields, borders and riparian habitats occurred
in the spring—summer period. The capture of M. musculus in many types of habitats suggests that it can disperse
outside poultry farms, and streams may be used as corridors.
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INTRODUCTION mans around the world. Despite having wide distribu-
. tion, M. musculus is frequently restricted to commensal
. The house mouse [Mus musculus (ngnaeus, 175 8)] habitats (Elias 1988; Singleton ef al. 2005). However, it
is one of the most .w1des.p~read m.ammahan spemes. n is also found in other habitats, such as cropfields, pas-
the world. The species originated in the northern Indian tures, and natural habitats with low levels of human in-
subcontinent (Boursot ez al. 1996) and has followed hu- tervention (Pocock ef al. 2005; Witmer & Jojola 2006).

Mus musculus is considered a pest in urban and sub-
urban areas, where it causes food loss and contamina-
tion, damages building structures by gnawing and bur-
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age crop production, which, in turn, is linked to winter—
spring rainfall (Singleton et al. 2001; MacAllan et al.
2003; Pech et al. 2003; Ylonnen et al. 2003). Howev-
er, in North America and China, large feral populations
of house mice are rare or sporadic, and populations are
subdivided into subpopulations inhabiting islands of fa-
vorable habitats around human dwellings (Pocock ef al.
2005; Wu et al. 2006).

Understanding how the environment affects M. mus-
culus abundance and distribution and the processes that
are involved may contribute to the design of manage-
ment practices to control the population of the species.
In countries where M. musculus has been introduced, its
habitat distribution depends on its requirements for re-
sources and conditions, on its vagility, on biotic interac-
tion as competition and predation, as well as on coloni-
zation opportunities, the lack of which may account for
its absence in potentially good habitats.

Mus musculus is well adapted to human habitats,
where it takes advantage of the low abundance of com-
petitors (Pocock et al. 2005), although in some cases it
may interact with rats (Harris & Macdonald 2007). The
competitive rank of M. musculus appears to vary de-
pending on the presence and density of other species of
rodents (Crespo 1966); while in some areas native ro-
dent species prevent its expansion, in others M. muscu-
lus successfully invades and eliminates native species
(Pefaur et al. 1968).

In Argentina, M. musculus is frequently found in cit-
ies, where it thrives in a variety of habitats, such as hu-
man houses (especially in precarious conditions) or
parks and vacant areas with weedy vegetation (Castillo
et al. 2003; Cavia et al. 2009). Previous studies suggest
that the species is rarely found in agroecosystems, ex-
cept in intensive breeding farms (Mifio ef al. 2001).

We have previously studied different aspects of the
biology of M. musculus and their relationship to its con-
trol, in agrarian systems, but these studies have been
mainly conducted in poultry farms (Ledn et al. 2007,
2009, 2010; Mifio et al. 2007). At present, there is no
quantitative information regarding the distribution and
abundance of M. musculus in non-commensal habitats,
such as cropfields, cropfield borders, pastures, woodlots,
riparian habitats and railway embankments. There is
also little information on the factors limiting the spread
of the species. Such information is relevant to assess the
potential of this species to become a pest in cropfields.

The aim of the present paper is to test the follow-
ing hypotheses: (i) M. musculus differs from native spe-
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cies in habitat use; (ii) M. musculus abundance is higher
in peridomestic habitats than in less perturbed habitats
by human activity; (iii) M. musculus is evenly distrib-
uted among poultry farms and among sheds within the
poultry farms; (iv) there are no seasonal variations in M.
musculus abundance in poultry farms; (v) reproductive
activity does not differ between the warm and the cold
season; and (vi) M. musculus captures decrease with in-
creasing distance to poultry farms and when native spe-
cies are abundant.

MATERIALS AND METHODS

Study area

Field work was conducted at the Department of Ex-
altacion de la Cruz, Buenos Aires province, Argentina
(34°18'S, 59°14'E; Fig. 1). The study area is located in
the Rolling subregion of the Pampean region, and it has
a temperate climate with a mean annual temperature of
16 °C and an average annual precipitation of 1000 mm.
The maximal temperature occurs in January, while the
coldest months are June and July. Although there are
seasonal variations in precipitation, there is no dry period
(Hall et al. 1992).

The original grasslands of the area were highly mod-
ified by agriculture and livestock, and by the introduc-
tion of trees (Soriano et al. 1991). At present, the study
area is an agroecosystem with a matrix of cropfields and
thin corridors along their edges, roads, railways and ri-
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Figure 1 Location of the Exaltacion de la Cruz Department,
Buenos Aires province, Argentina.
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parian habitats (streams). In these areas, remnants of
original plant communities are present, with many exot-
ic species (Bonaventura & Cagnoni 1995). Small patch-
es of woodlots, houses and poultry farms are also pres-
ent. Other activities in the area are cattle, horse, pig and
poultry breeding (Mifio et al. 2007).

Cropfields are frequently disturbed by agricultur-
al activities, ploughing and herbicide application. Soy-
bean, maize and wheat are the main crops of the area.
The borders of cropfields and pastures are longitudinal
habitats found along wire fences, usually covered by a
weed community. These habitats are less disturbed by
agrarian labor and livestock than fields (Busch & Kra-
vetz 1992; Bilenca & Kravetz 1998). Pastures are fields
covered with spontaneous vegetation usually supporting
livestock. Woodlots are small patches of approximately
0.5 to 2.5 ha, with trees of approximately 5 m high and
their juveniles. These woodlots are highly variable ac-
cording to the dominant tree species. The soil is cov-
ered by litter. Riparian habitats are present along small
streams, which are dry at some moments of the year and
are characterized by spontaneous herbaceous vegetation
associated with wet conditions. Railway embankments
are longitudinal habitats usually covered by spontane-
ous herbaceous vegetation and trees.

Poultry farms are devoted to breeding broiler chick-
ens and occupy approximately 1 ha. Most of them have
3 rectangular sheds (Gomez Villafafie et al. 2001). Ro-
dent chemical control by anticoagulants is performed in
all farms, but not in a systematic way, and, in many cas-
es, there is population recovery between anticoagulant
applications (Leon et al. 2009). Therefore, the popula-
tion of rodents may be limited, but not eradicated (Go-
mez Villafafie et al. 2001). Urban houses are located in
a small village with a population of 500, with most peo-
ple engaged in rural work. Houses are dispersed within
small fields, pastures and poultry farms, and most roads
connecting them are unpaved.

In the study area, commensal species such as M. mus-
culus and Rattus spp. are dominant in peridomestic hab-
itats and poultry farms. However, these species are less
abundant in cropfields and in other less disturbed hab-
itats (Kravetz et al. 1987; Miio et al. 2001). In poultry
farms, M. musculus and Rattus spp. are mainly present
around poultry sheds, while native species are present in
the weedy edges of farms (Mifio ef al. 2007). Other ro-
dent species present in the area are the sigmodontines
Akodon azarae (J. Fischer, 1829), Calomys laucha (G.
Fischer, 1814), Calomys musculinus (Thomas, 1913),
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Oligoryzomys flavescens (Waterhouse, 1837) and Oxy-
mycterus rufus (J. Fischer, 1814) and 1 caviomorph, Ca-
via aperea Erxleben, 1777. In cropfields, C. laucha is
numerically dominant, whereas in field borders and in
less perturbed areas, 4. azarae, O. flavescens, Oxy. ru-
fus, Ca. aperea and C. musculinus are more abundant
(Mills et al. 1991; Busch & Kravetz 1992; Bilenca &
Kravetz 1995).

Rodent sampling

Rodent samplings were conducted from December
2004 to February 2008 in different seasons, with a total
of 21 570 trap nights. The peridomestic habitats stud-
ied were poultry farms and human houses in 1 small vil-
lage. Because the houses were scattered within pastures,
poultry farms and small cropfields, we considered the
abundance of M. musculus in each house as indepen-
dent. The other habitats studied were cropfields, pas-
tures, cropfield and pasture borders, riparian habitats,
railway embankments and woodlots (Fig. 2).

The number of sites sampled for each habitat and sea-
son are shown in Table 1. In all habitats, except houses
and poultry farms, we placed 1 line of 15 Sherman traps
spaced at 10 m intervals. In poultry farms, we placed 10
Sherman traps along the external walls of the breeding
sheds. We sampled 3 sheds in each farm, except in those
that had only 2. We also placed 10 traps along the pe-
rimeter of the farm. In all sampled houses, we distributed
15 Sherman traps in the perimeter, garden and around
other buildings.

Traps were baited with rolled oats mixed with peanut
butter. For each trapping session, we checked each trap
in the morning over 3 subsequent days. For each animal
captured, we recorded the location and habitat of cap-
ture, species, sex, measurements (body and tail length),
body weight and external evidence of reproductive con-
dition. We classified those with scrotal testes as repro-
ductive active males, and reproductive active females as
those with perforate vagina and those who were lactat-
ing and/or pregnant.

Because capture success differed among samplings
and habitats, M. musculus abundance was estimated us-
ing the trapping success index (TSI, number of cap-
tures/number of trap nights), as suggested by Mills et al.
(1991). We grouped data according to season, with a
warm period corresponding to spring—summer (Septem-
ber—March samplings) and a cold period corresponding
to autumn—winter (April-August samplings).
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Figure 2 Habitats studied (a) cropfields; (b) pastures; (c) crop-
field and pasture edges; (d) railway embankments; (e) riparian
habitats; (f) woodlots; (g) poultry farms; and (h) human houses.

Mus Muscules in rural Argentina

Data analysis

Habitat use

We estimated the TSI for each species captured in
each habitat and period. In this analysis, we did not in-
clude data from July and August samplings (winter) be-
cause they were collected from only 2 farms.

We conducted a principal component analysis (PCA)
based on a correlation matrix, which uses standardized
variables to describe the distribution of M. musculus and
native species according to the studied habitats (Infostat
2009). The variables used were the TSI of the 6 species
of rodent captured and the 8 studied habitats. The PCA
scores for each habitat were calculated using the Infostat
program (2009) considering the abundance of each spe-
cies and their relative contribution to the principal com-
ponent axes. Trapping sites in which there were no cap-
tures of any species were not considered in this analysis.

To compare the abundance of M. musculus among
habitat types, we estimated confidence intervals of the
mean TSI for each habitat. For each pair of habitats,
we assumed that abundance was significantly different
when the confidence intervals of the TSI did not over-
lap (Zar 1996). This analysis was conducted because the
data did not fulfill the assumption of homogeneity of
variances, which is necessary for conducting a paramet-
ric or non-parametric analysis of variance (Quinn & Ke-
ough 2002).

Analysis of the distribution within each habitat was
only conducted for poultry farms because the number
of captures in the other habitats was insufficient to con-
duct statistical analysis. We assessed whether the distri-
bution of captures among farms was different from that

Table 1 Means and confidence intervals for the trap success index (TSI) of Mus musculus in the different habitats studied

Habitat n Mean SE LL (95%) UL (95%)
Poultry farms 21 0.0766 0.0682 0.0455 0.1076
Houses 24 0.0065 0.0039 —-0.0016 0.0145
Cropfields 60 0.0037 0.0037 —0.0037 0.0111
Pastures 24 0 0 0 0
Cropfield and pasture borders 84 0.0011 0.0006 —-0.0002 0.0023
Riparian habitats 24 0.0019 0.0013 -0.0008 0.0045
Railway embankments 24 0 0 0 0
Woodlots 24 0 0 0 0

n, number of sites studied for each habitat; LL, lower limit of the confidence interval; UL, upper limit of the confidence interval.
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randomly expected as described by the Poisson distribu-
tion by means of the variance/mean index. In the present
study, if the number 1 is included within the confidence
interval of this index, there is random distribution. If the
lower limit of the confidence interval is greater than 1,
then there is aggregated distribution. However, if the up-
per limit of the confidence interval is less than 1, there
is regular distribution.

The distribution of captures of M. musculus among
sheds within farms was assessed by comparing the ob-
served number of captures in each shed of every farm
with the expected number according to an equal distri-
bution (total number of captures in the farm/number of
sampled sheds in the farm) by means of a y’-test (Zar
1996). We also compared the abundance between inter-
nal sheds, those located among other sheds, and external
sheds, those neighboring farm perimeters, by means of a
t-test for paired samples (Zar 1996). When the farm had
more than 1 internal or external shed we used the aver-
age for each category.

Seasonal variations in abundance and reproductive
activity

We compared the mean abundance in poultry farms
between spring—summer and autumn—winter periods by
means of an analysis of variance (ANOVA) test (Zar
1996). To assess variations in reproductive activity in
poultry farms according to the period, we compared
the proportion of active females and males by means
of a 2-sided test of difference between proportions (Zar
1996), under the hypothesis of no difference in repro-
ductive activity between warm and cold periods. Fur-
thermore, we also compared pregnancy rates (number
of pregnant females/number of reproductively active fe-
males) between periods by means of a test of difference
between proportions (Zar 1996).

To assess whether the size at reproductive maturation
differed between seasons, we compared the mean total
body length and the corporal weight of both active and
inactive individuals by means of a 1-factor ANOVA test,
except for the weight of active males, which was com-
pared by means of a non-parametric Kruskal Wallis test,
because data did not fulfill the assumptions of the para-
metric ANOVA (Zar 1996).

Distance to poultry farms and streams, and the
abundance of other rodent species as factors affecting
M. musculus abundance

To evaluate whether the captures in cropfields, bor-
ders and riparian habitats were related to poultry farm
distance, we located the captures in a digitalized map
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(Google Earth 2007) and measured the distance to the
nearest farm. We also estimated distances to streams,
because many of the captures outside poultry farms oc-
curred near streams.

We carried out logistic regressions between M. mus-
culus presence in cropfields, pastures, woodlots, bor-
ders and riparian habitats (as dependent variables) and
the distance to the nearest poultry farm and the near-
est stream, and the TSI of native species (as explanato-
ry variables). We used data from all sites situated out-
side poultry farms and houses where M. musculus was
captured (n = 6) and a random sample from sites where
M. musculus was absent (n = 30). As described in Nich-
olls (1991), we used a stepwise logistic regression to se-
lect the best model, adjusted with an intercept = 0. We
first performed an analysis including all variables, and
then we entered the variables in a stepwise procedure in
an order determined by their contribution to a decrease
in deviance with respect to the null model. Remaining
variables were those with a significant contribution to
the decrease in deviance. The significance of the contri-
bution of the variables to the decrease in deviance was
assessed by assuming that the change in deviance is dis-
tributed as a y-statistic (Nicholls 1991) with df = 1.

RESULTS

We captured a total of 817 M. musculus individuals,
and 690 individuals of 5 native rodent species: 4. az-
arae (485), O. flavescens (53), Oxy. rufus (60), C. lau-
cha (63) and C. musculinus (29).

Habitat use

According to the PCA, the first component explained
49% of the variance, with M. musculus and A. azarae
being the variables that contributed the most (Table 2).
M. musculus was associated with poultry farms and
houses and was separated from the other species associ-
ated with borders, cropfields, pastures and riparian hab-
itats (Fig. 3).The second principal component explained
23% of the variance, with O. flavescens and C. laucha
being the variables that contributed the most (Table 2).
This axis separated the Calomys spp. (associated with
cropfields and pastures) from the other native species.
In contrast, O. flavescens was associated with woodlots
and railway (Fig. 3).

Mus musculus showed a significant higher abundance
in poultry farms than all other habitats (Table 1), while
native rodent species were scarce in farms (Fig. 4). Mus
musculus was captured in 5 out of 8 of the habitats stud-
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Table 2 Factor loadings for the 2 first principal components af-
ter a principal component analysis on a data matrix with 6 trap
success index (TSI) species in the 8 habitats studied

TSI Components
I 1I

Aa 0.54" 0.03

of —4.9x10° 0.80°

Or 0.50" 0.20

Cm 0.41 -0.12

Cl 0.41 -0.45

Mm -0.36 -0.33

Eigenvalue 2.93 1.39

% variance 49 23

% cumulative variance 49 72
"Loadings > 0.5.

ied. It was captured in all the farms studied, whereas
in the other habitats, M. musculus was present only in
a few sites (12.5% of the houses, 8.3% of the riparian
habitats, 3.7% of the borders of cropfields and pastures
and 1.7% of the cropfields studied).

4.00]]

Figure 3 Biplot of principal component
analysis (PCA) to describe the distribu-
tion of Mus musculus and native species

Mus Muscules in rural Argentina

Mus musculus captures were more evenly distributed
among farms, compared to what was randomly expect-
ed (V/M = SE = 0.057 £+ 0.014). Approximately 70%
of farms had a TSI < 0.04, while only 1 farm had a TSI
higher than 0.30.

In 73% of the farms, the distribution of captures
among sheds did not differ from an equal distribution,
and there were no significant difference between inter-
nal and external sheds (1 =-1.0703, df = 16, P=0.3004).

Seasonal variation in abundance and

reproductive activity

In poultry farms, the mean TSI of M. musculus did
not show significant variation between periods (mean
TSI 0.073 and 0.088 for autumn—winter and spring—
summer periods, respectively, F = 0.75, P = 0.42), and
there was no consistent trend of variation among sea-
sons (Fig. 5).

We found reproductively active individuals of both
sexes in all months of the year, except for females in
August 2007, probably because of the low sample size.
However, the proportion of reproductively active males
was significantly higher (P = 0.0000) in the spring—
summer period (0.690) than in the autumn—winter peri-
od (0.273). There were differences in the proportion of
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L ]
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PC 2 (23%)

abundance (trap success index, TSI) ac-
cording to the different habitats studied.
The species are represented by lines and
the centroids of the habitats by full cir-
cles. PC1 and PC2: principal compo- 2.00 4
nent 1 and 2, respectively; the explained
variation for each component is shown
in parentheses. Aa, Akodon azarae; Cl,
Calomys laucha; Cm, Calomys muscu-
linus; Mm, Mus musculus; Of, Oligory-
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Figure 4 Trap success index (TSI) of the different rodent species according to the habitat and period. Data are mean values (the
number of replicates is the same as in Table 2). Aa, Akodon azarae; Cl, Calomys laucha; Cm, Calomys musculinus; Mm, Mus mus-
culus; Of, Oligoryzomys flavescens; Or, Oxymycterus rufus. SS, spring-summer; AW, autumn-winter.
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Figure 5 Mean trap success index (TSI)
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reproductively active females between periods (0.377
and 0.331 for spring—summer and autumn—winter, re-
spectively, P = 0.395). There were also no differences in
pregnancy rates (number of pregnant females/active fe-
males) between periods (0.39 and 0.36 in autumn—winter
and spring—summer, respectively, P = 0.325).

For both periods and sexes, reproductively inactive
individuals showed more variation in body weight and
length than reproductively active individuals because
of the presence of small individuals, whereas the larg-

24

est values were similar for inactive and active individ-
uals (Fig. 6). There were no differences in body length
according to the period in any of the categories consid-
ered (Table 3). Reproductively active males were sig-
nificantly heavier in autumn—winter than in spring—
summer (Table 3). This difference was probably due to
differences in the minimal values, which were larger in
autumn—winter (Table 3). There were no differences in
body weight between periods for the other categories
(Table 3).
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Figure 6 Corporal length and body weight of female and male Mus musculus according to the reproductive status for spring—sum-

mer and autumn—winter.

Table 3 Differences in body length and differences in body weight according to the season for reproductively active and inactive in-

dividuals of both sexes

Period Min/Max H F n P

Differences in body length

Reproductively active females Spring—summer 130/198 0.150 113 0.7002
Autumn-winter 130/189

Reproductively inactive females Spring—summer 107/197 0.320 232 0.5694
Autumn—winter 117/189

Reproductively active males Spring—summer 88/184 0.99 192 0.3193
Autumn—winter 145/179

Reproductively inactive males Spring—summer 75/176 0.000 176 0.9898
Autumn—winter 97/199 176

Differences in body weight

Reproductively active females Spring—summer 8/28.4 0.300 113 0.5830
Autumn—winter 10/25

Reproductively inactive females Spring—summer 0.840 232 0.3602
Autumn—winter 4/28.6

Reproductively active males Spring—summer 7.5/121.7 10.39 192 0.0015"
Autumn—winter 11.4/22

Reproductively inactive males Spring—summer 5.10/20 0.62 176 0.4323
Autumn—winter 3.5/21

Min/Max = Minimum and maximum value of the variable; H = test statistics of the Kruskal-Wallis test; F' = test statistics of the

analysis of variance test and 1 = sample size; 'significant difference.

© 2012 Wiley Publishing Asia Pty Ltd, ISZS and I0OZ/CAS
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Table 4 The change in the deviance between full and reduced regression models for Mus musculus presence outside peridomes-
tic habitats containing the variables: distance to farms, distance to streams, Akodon azarae trap success index (TSI) (Aa), Oligory-
zomys flavescens TSI (Of), Calomys musculinus TSI (Cm), Calomys laucha TSI (Cl) and Oxymycterus rufus TSI (Or); for Model 1

and distance to streams and farms (added sequentially) for Model 2

Residual deviance df Change in deviance df P
Model 1
Null model 48.5203 35
Distance to farms 32.6269 34 11.8933 1 0.000"
Distance to streams 28.7805 33 7.8464 1 0.005"
Aa 28.4887 32 0.2919 1 0.589
Oof 27.6879 31 0.8008 1 0.371
Cm 27.1069 30 0.5810 1 0.446
Cl 26.6415 29 0.4653 1 0.497
Or 23.5397 28 3.1018 1 0.078
Model 2
Null model 48.5203 35
Distance to streams 29.5643 34 18.9600 1 0.000°
Distance to farms 28.7806 33 0.7838 1 0.337

'Significant difference.

Table 5 The estimated parameters and approximate standard errors for the model fitted with distance to streams and distance to
farms as explanatory variables for the presence of Mus musculus; and for the model fitted with only distance to streams as explana-

tory variable for the presence of Mus musculus

Variable Parameter estimate SE df Student’s ¢ P

Distance to streams 0 0.6434 34 -2.1667 0.037"
—1.3940

Distance to farms -0.2147 0.2507 33 -0.8563 0.398

Distance to streams —1.6402 0.6013 34 —2.7279 0.005"

'Significant difference.

Distance to poultry farms and streams, and the
abundance of other rodent species as factors

affecting M. musculus abundance

Mus musculus individuals captured in cropfields,
borders and riparian habitats were males and females,
adults and juveniles. According to the logistic regression
for the model that included all variables, only the dis-
tance to farms and distance to streams were significant
(Table 4). To assess the relative contribution of these
2 variables, in a second step, we included only these 2
variables (distance to streams first, Table 4). For both
variables, there was a higher probability of M. muscu-
lus presence at shorter distances (Table 5). According to
the difference in deviance explained with respect to the
null model after considering the distance to streams, the
distance to farms did not have a significant contribution,
and, consequently, we fit the final model (that explains
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39.06% of the deviance) with the distance to streams (as
the explanatory variable) (Table 5).

DISCUSSION

Our results confirm that in the study region M. mus-
culus has only established populations in peridomes-
tic habitats, and that M. musculus differs in habitat use
to native species. There is a great difference between
the population dynamics of M. musculus in agroecosys-
tems of Argentina and similar habitats in Australia. In
Argentina, its population is scarce, whereas in Austra-
lia, M. musculus often reaches plague levels and native
rodent species are rare or sparsely distributed (Yl6nen
et al. 2002). The existence of an established community
of native rodents in agroecosystems of Argentina prob-
ably restrains the invasion of M. musculus beyond poul-
try farms (Busch ef al. 2005), although in this survey we
could not confirm the effect of other rodent species on M.
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musculus abundance. The absence of significant results
may be due to the small sample sizes of M. musculus in
cropfields, borders and riparian habitats.

The observed habitat distribution of M. musculus
may have been the consequence of habitat selection, be-
cause M. musculus is strongly influenced by food avail-
ability (Ylonen ef al. 2002; Jacob 2008), which is high
in poultry farms (Miflo et al. 2007). However, we can-
not disregard that predation risk, which is probably low-
er in farms than in other habitats, may be determining
habitat use (Ylonen et al. 2002). In contrast, we ob-
served that human control was greater in houses than in
poultry farms (V. Leon, pers. observ.), and this could be
an alternative explanation of the lower abundance of M.
musculus in houses than in poultry farms.

The low abundance of M. musculus observed in crop-
fields, borders and riparian habitats may explain the re-
sults of previous work where we found that rodent
control in poultry farms is not more successful when an-
ticoagulants are applied at a larger spatial scale (includ-
ing not only poultry sheds, but also perimeters and sur-
rounding habitats, Leon et al. 2009).

Mus musculus was evenly distributed among farms
that are widely distributed in the study area, suggesting
that this species was able to colonize all the area, but
has stable populations only in farms and houses. Each
farm may have been colonized independently (e.g. by
passive transport by men) or by expansion from particu-
lar places. Genetic studies suggest that, although scarce,
there are movements among farms. There is no evidence
of passive transport (Leon et al. 2010).

Within farms, we did not find differences in abun-
dance according to the location of the sheds (near or far
from the perimeter of the farm), suggesting that M. mus-
culus populations in farms have a local dynamic that is
not strongly influenced by the surroundings (Leodn et al.
2007; Mifio et al. 2007).

Mus musculus abundance in poultry farms did not
vary between seasons, and there was an approximate
2-fold increase between minimum and maximum val-
ues. In contrast, in cropfields, pastures, borders, rail-
ways, riparian habitats and woodlots, native rodents
showed approximately 25-fold increases in abun-
dance. The absence of a seasonal variation suggests
that the population dynamic of M. musculus in poul-
try farms has a different pattern to the population dy-
namic of native species in other studied habitats, with
low numbers in spring, increased numbers during sum-
mer and peak numbers in autumn and early winter (Zu-

© 2012 Wiley Publishing Asia Pty Ltd, ISZS and I0OZ/CAS
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leta et al. 1988; Mills et al. 1991). The absence of dif-
ferences among seasons might be due both to the mild
conditions of farms that allow reproduction through-
out the year, or to the human effect (rodent control is
obligatory for the poultry farms of the area; see http://
www.exaltaciondelacruz.gov.ar), which stabilizes num-
bers. Although we found reproductively active individ-
uals in sampled months, the proportion of reproductive-
ly active males was higher in the spring—summer period
than in the autumn—winter period, when only males with
high body weight were reproductively active. These re-
sults suggest that climatic conditions have an effect on
reproductive activity, but the effect is not strong enough
to cause significant difference in abundance (Vadell
et al. 2010). Females did not show differences in repro-
ductive activity during the studied period. A differen-
tial response in reproductive activity and size at matu-
ration between males and females of M. musculus was
also found in a previous study, where the removal of the
dominant A. azarae in cropfield borders was followed
by higher reproductive activity and lower weight of ac-
tive M. musculus males, but there were no changes in
females (Busch et al. 2005).

Our data suggests that M. musculus disperses out-
side poultry farms, but the probability of its presence
decreases with the increase in distance to these habitats,
and riparian habitats could be corridors between farm
buildings, as suggested by Maisonnueve and Rioux
(2001) for this species in Canadian agroecosystems. The
high plant cover of the riparian habitats may reduce pre-
dation risk, enhancing survival during dispersal move-
ments (Maisonnueve & Rioux 2001). However, to con-
firm these results, extended samplings are necessary in
non-peridomestic habitats.

The reason why M. musculus does not form stable
populations in non-commensal habitats remains an open
question. Climatic conditions that affect reproduction
(as suggested by the differences in reproductive activi-
ty in farms during the studied period) in outside condi-
tions may limit abundance and favor competitive exclu-
sion by native species. In poultry farms, the competitive
dominance of native species may be reversed. Evidence
of the dependence of M. musculus on human dwellings
is its disappearance from a farm where it was previous-
ly abundant when the farm was abandoned and poultry
sheds were retired. This farm was invaded by weeds and
colonized by native rodent species, which were rare be-
forehand (Leon et al. 2010).

In summary, we conclude that in the studied agroeco-
system, M. musculus has established populations only in
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poultry farms, and those individuals found in cropfields
and borders are probably dispersers. Riparian strips may
be used as corridors for dispersing.
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