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We analyzed the relation between rodent communities composition and diversity and the landscape
structure in the city of Buenos Aires. Between October 2002 and December 2005 rodent samplings were
conducted in a natural reserve, three parklands, three shantytowns and two industrial-residential neigh-
borhoods. Landscape structure at each site was characterized by the proportion of the surface occupied by
different land-cover types, and the proportion covered by buildings. We caught 413 rodents of the follow-
ing species: the native Oligoryzomys flavescens, Deltamys kempi, Calomys musculinus and Cavia aperea; and
the introduced Rattus norvegicus, R. rattus and Mus musculus. Native species were dominant in the natural
reserve but were also present in parklands. R. rattus, R. norvegicus and/or M. musculus were the domi-
nant species in parklands, shantytowns or industrial-residential neighborhoods. Differences in landscape
structure contributed to explain differences in community composition. Diversity, richness and represen-
tation of native species decreased with increasing urbanization. Our findings may be useful for planning
decisions for either conservation or pest control goals, based on the rodent community composition
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1. Introduction

Animal community structure and the population abundance of
the individual species that make up the community depend on
local conditions, landscape context, historical events and evolu-
tionary processes (Kotliar and Wiens, 1990; Levin, 1992; Ricklefs,
1987; Wiens et al., 1993). The increasing availability of Geographic
Information Systems and Satellite Images, combined with complex
computer methods of analysis and the capacity to deal with large
datasets using multivariate analysis software, allowed the devel-
opment of numerous ecological studies where the relationship
among the distribution of species is modeled with environmental
variables at large scales (see Rushton et al., 2004). Many of these
studies have emphasized the importance of landscape-scale struc-
ture and composition in the distribution and abundance of many
species. Currently, most research is focused on natural and rural
environments as well as on the conservation of endangered species
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(Rushton et al., 2004), while models for pest species like rodents in
urban environments are rare (e.g., Baker et al., 2003; Childs et al.,
1998; Langton et al., 2001; Traweger and Slotta-Bachmayr, 2005).
As urban areas are expanding and replacing natural habitats
worldwide, it is becoming increasingly important to understand
the relationship between urban environments and their resident
fauna populations. Most studies in urban areas are focused on avian
species and/or iconic species (Garden et al., 2006). Less research
has been focused on mammals, reptiles, amphibians, invertebrates
and aquatic species (Garden et al., 2006). Information on rodent
distribution in an urban landscape is valuable because rodents are
known to be involved in the transmission of diseases to humans
and domestic animals (Battersby and Greenwood, 2004), and cause
damage to stored food, buildings and infrastructure (Battersby,
2004; Drummond, 2001). On the other hand, the knowledge of
species’ associations with the landscape structure may help to
make planning decisions to improve urban environmental condi-
tions for native fauna (Clergeau et al., 2001; Garden et al., 2006).
Although the conversion of natural or semi-natural ecosystems
to urban ecosystems is a slow process, it is usually irreversible
(Matteucci et al., 1999; Morello et al., 2000). Urban ecosystems
provide fewer ecological services, such as the capacity to control
animal and plant populations that may prevent pest outbreaks
(Morello et al., 2000). The development of urban ecosystems
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Fig. 1. (a) Map of the city of Buenos Aires showing the nine sites where rodent were sampled. Black flags indicate the location of the sampled sites. R: natural reserve, P1-3:
parklands 1-3, S1-3: shantytowns 1-3 and N1-2: industrial-residential neighborhoods 1 and 2. Grey polygons indicate the location of open green spaces, black polygons
indicate the location of shantytowns and the white foreground corresponds to the matrix of blocks with buildings and pavement. Aerial photographs from: (b) the reserve,
(¢) the parkland 1, (d) the shantytown 1 and (e) the industrial-residential neighborhoods 1.

generates new anthropic habitats. In turn, it decreases biologi-
cal productivity due to a reduction in plant cover, and enhances
the fragmentation, isolation and degradation of natural habitats
(Marzluff, 2001). The structure of urban areas and their fringes
consist of a variety of components, ranging from totally built
environments to natural or semi-natural areas (McDonnell and
Pickett, 1990). Natural remnants in an urban context are those
not intensively managed by people, such as reserves and patches
of spontaneous vegetation in parklands, lakes, ponds and streams
(McDonnell and Pickett, 1990).

As a consequence of urbanization, the compositions of species
(plant, bird and insect communities) tend to be simplified and
homogenized (Alberti and Marzluff, 2004; Marzluff, 2001; Shochat
etal., 2004), and exotic species become more prevalent (McDonnell
et al., 1997; Melles et al., 2003). There is little information on the
effect of urbanization on small mammal communities at a land-
scape scale (but see Bock et al., 2002; Delattre et al., 1999).

In this work we analyzed the relation between rodent commu-
nities composition and diversity and the landscape structure in the
city of Buenos Aires.

2. Materials and methods
2.1. Study area

Fieldwork was conducted in Buenos Aires, Argentina (34°37'S,
58°24'W), with a surface of around 200 km?2 and 2,776,138 inhabi-

tants, representing 9.09% of the country’s total population (INDEC,
2001). The climate is temperate with a mean annual temperature

of 17.4°C, a seasonal amplitude of 13.2°C and a mean annual pre-
cipitation of 1014 mm. The city is situated on the rolling pampa
in the shore of the de la Plata river (Soriano et al., 1991) (Fig. 1).
The original vegetation consisted of 1 m high grasses, which were
reduced to small relict grasslands along field borders and roads
in agro-ecosystems due to intensified agriculture (Soriano et al.,
1991). Trees are absent in the region, except for riverside areas
where woodlands, riparian thickets and flooded grasslands co-exist
(Cabrera and Zardini, 1993). The original grasslands were replaced
by agro-ecosystems, which in turn are now increasingly replaced by
urban habitats, along with the city growth. The matrix of the city is
formed by buildings and paved streets, while parks and open green
areas form patches (Fig. 1). In this work we sampled rodents in nine
sites belonging to four different landscape units: a natural reserve,
three parklands, three shantytowns and two industrial-residential
neighborhoods (Fig. 1 and Table 1).

The natural reserve is located on the coast of the de la Plata
river and has an extension of 350ha. It is occupied by riparian
habitats similar to those developed along the Parana and de la
Plata rivers, like woodlands, riparian thickets, fresh water marshes
and flooded grasslands, which were developed on sediments gen-
erated by anthropogenic activity since 1970. Parklands are public
areas of recreation, where areas of spontaneous vegetation and
woodlots with planted species are included in a matrix of grass
or ornamental lawn (Cavia, 2006). The spontaneous vegetation
is developed as patches of herbs, shrubs and small woods with
some species in common with the natural reserve (Cavia, 2006).
Shantytowns are residential neighborhoods with low impervious
surface coverage compared to other neighborhoods due to the
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Table 1

Sites sampled in the city of Buenos Aires: site name, landscape unit type (mnemonic), location, season and year, total sampling effort and proportion of the surface occupied

by different land-cover types and buildings.

Site Name Landscape unit types (Mnemonic)

Land-cover and buildings proportions Location

Reserva Ecol6gica Costanera Sur Natural reserve (R)

Parque de los Nifios Parkland 1 (P1)
Parque Presidente Roca Parkland 2 (P2)
Parque de la Facultad de Agronomia Parkland 3 (P3)
Villa 31 Shantytown 1 (S1)
Villa Bermejo Shantytown 2 (S2)
Villa Chacarita

Shantytown 3 (S3)

Barrio Mataderos

Colonia Sola

Site name Season (year)

Industrial-residential neighborhood 1 (N1)

Industrial-residential neighborhood 2 (N2)

0.77
0.35
0
0.77
0.35

34°36'18"S 58°20'58"W

34°31'48"S 58°27'40"W

0.77
0.354 34°40'38"S 58°26'37"W
0.77
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Total sampling effort

Reserva Ecolégica Costanera Sur

2004/2005
Parque de los Nifios Fall 2004, Winter 2004
Parque Presidente Roca Spring 2004
Parque de la Facultad de Agronomia Summer 2004/2005

Villa 31
Winter 2004
Villa Bermejo Spring 2005
Villa Chacarita Summer 2005/2006

Barrio Mataderos

Colonia Sola Fall 2005

Spring 2002, Fall 2004, Winter 2004, Summer

Spring 2003, Summer 2003/2004, Fall 2004,

Spring 2003, Winter 2004, Spring 2004,
Summer 2004/2005, Fall 2005

2571 Cage trap nights (CTN), 2582 Sherman
trap nights (STN)
272 CTN, 343 STN
410 CTN, 433 STN
258 CTN, 258 STN
798 CTN, 759 STN

258 CTN, 264 STN
175 CTN, 169 STN
1224 CTN, 1355 STN

333 CTN, 183 STN

Proportion of surface occupied by highly vegetated urban cover (H), moderately vegetated urban cover (M) and low vegetated urban cover (L), tree cover (T), herb cover (Hb)

and bodies of water (W); and proportion of surface occupied by buildings (B).

unpaved streets, sparsely distributed houses, and the presence
of patches of spontaneous vegetation. In addition, shantytowns
are characterized by precarious housing conditions and an inade-
quate supply of urban services, such as garbage removal, sanitation
networks and/or plumbing (Cavia, 2006; Fernandez et al., 2007).
The industrial-residential neighborhoods studied are areas where
buildings and pavement are the dominant elements in the land-
scape unit. Open green areas are restricted to gardens and parks.
In both neighborhoods the dominant type of construction were
houses of no more than two floors, but in some sections there were
also industries. Department block buildings and shops were found
along avenues. We named this unit as industrial-residential neigh-
borhoods because, although houses were dominant, there were
also industries present, and their presence may have an effect on
rodents.

2.2. Environmental gradient proposed

The landscape units of Buenos Aires selected for this study dif-
fered in the abundance of various environments, and can be ordered
along a gradient from those dominated by natural and semi-natural
vegetation to those dominated by anthropogenic elements such
as buildings and pavement. The natural reserve represents the
most natural landscape, followed by parklands, where patches of
spontaneous vegetation are included in a matrix of park grass or
ornamental lawn. The urban neighborhoods, represented by shan-
tytowns and industrial-residential neighborhoods are placed at
the opposite end of the gradient. Following Morello et al. (2000),
shantytowns are less urbanized than industrial-residential neigh-
borhoods because of their low impervious surface coverage and an
inadequate supply of urban services.
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2.3. Rodent communities

According to their geographic distribution, 12 small rodent
species may be found in the city of Buenos Aires (Galliari et
al., 1991): the native caviid Cavia aperea (Order Rodentia, Fam-
ily Caviidae, Subfamily Caviinae); the native sigmodontines (Order
Rodentia, Family Cricetidae, Subfamily Sigmodontinae) Holochilus
brasiliensis, Scapteromys aquaticus, Oxymycterus rufus, Oligoryzomys
flavescens, Akodon azarae, Deltamys kempi, Calomys laucha and
Calomys musculinus; and the introduced murines (Order Rodentia,
Family Muridae, Subfamily Murinae) Rattus rattus, Rattus norvegi-
cus and Mus musculus. Only eight species were reported before
this study: the native species C. musculinus, C. laucha, A. azarae,
0. flavescens and C. aperea (Massoia and Fornes, 1967; Pearson,
1967), and the introduced species R. rattus, R. norvegicus and M.
musculus (Arango et al., 2001; Massoia and Fornes, 1967; Seijo et
al.,, 2003).

In agro-ecosystems near the city of Buenos Aires the rodent com-
munity includes C. aperea, A. azarae, O. flavescens, C. musculinus, C.
laucha and M. musculus. C. aperea, A. azarae and O. flavescens are
more abundant in less disturbed habitat like road and crop field
borders. Calomys species are more abundant in crop fields and M.
musculus and Rattus species are rare in these habitats and are com-
mon in farms (Busch and Kravetz, 1992; G6mez Villafafie and Busch,
2007; Mills et al., 1991; Mifo et al., 2007). In crop borders sys-
tems sigmodontine species exhibit variations in abundance with a
minimum in spring, peaks in late autumn, and decreases in winter
(Busch and Kravetz, 1992; Mills et al., 1991). In farms introduced
species abundances do not vary seasonality (Gémez Villafafie and
Busch, 2007; Miio et al., 2007).

In the coastal area of the de la Plata and Parana rivers near the
city of Buenos Aires the rodent community includes C. aperea, A.
azarae, O. flavescens, O. nigripes, D. kempi, O. rufus, H. brasiliensis
and S. aquaticus. Except C. aperea, A. azarae and O. flavescens which
are also present in agro-ecosystems, the other species are typically
present in riparian habitats like woodlands, thickets, marshes and
flooded grasslands (Gonzalez and Pardifias, 2002; Massoia, 1964).
O. nigripes occupies mainly woodlands making its nests in trees
(Massoia and Fornes, 1964b). C. aperea, D. kempi and O. flavescens
use sites dominated by trees, shrub marshes or flooded grasslands
in riparian areas (Bonaventura et al., 2003a,b; Cassini, 1991; G6mez
Villafafie et al., 2005; Gonzalez and Pardiiias, 2002). O. rufus uses
patches with shrubs or tall grasses patches in marshes (Cueto et al.,
1995; Dalby, 1975; Suarez and Bonaventura, 2001). S. aquaticus and
H. brasiliensis have semiaquatic habits and are restricted to grass-
lands located near bodies of water (Gémez Villafaiie et al., 2005;
Massoia and Fornes, 1964a). Many of these species are seasonal
breeders (Barlow, 1969; Bonaventura et al., 2003a, 2003b; Cueto
et al,, 1995; Dalby, 1975; Kravetz, 1972), but those species that live
a year or more, like O. rufus and C. aperea, do not show seasonal
variations in abundance (Bonaventura et al., 2003a,b; Cueto et al.,
1995; Dalby, 1975). In riparian habitats A. azarae, O. flavescens, O.
nigripes and D. kempi show seasonal variations in abundance with
a minimum in winter-spring and a peak in summer (Bonaventura
et al., 1991; Cavia, 2006).

2.4. Rodent surveys

Sampling was performed between October 2002 and December
2005. Rodent samplings were conducted in each of the nine sites
using Sherman and cage traps. Both are single capture live traps.
The Sherman trap is an aluminum box-trap (8 cm x 9cm x 23 cm)
with a door open at one end leading to a weight-sensitive trea-
dle. As the animal walks along the weight-sensitive treadle, it
closes the spring-loaded door. Cage traps are wire mesh traps

(15cm x 16 cm x 31 cm) with one door that is locked open with a
pin connected to a trigger device holding the bait. Although we set
a ratio of 1:1 Sherman trap per cage trap at each of the studied
sites, the trapping effort was similar but not equal because some
traps were sprung without capturing animals or were stolen. In sites
dominated by vegetation (the natural reserve and parklands) Sher-
man and cage traps, which were 5 m apart, were placed on lines.
Following Aplin et al. (2003), there were a fixed number of traps
per house, shop or factory in areas with numerous constructions
or buildings (i.e. shantytowns and industrial-residential neighbor-
hoods). Two Sherman and two cage traps were set in each house,
shop or factory whose owners volunteered for the research project.
Traps were placed inside buildings and in their yards or gardens.
One to 23 blocks were sampled in each neighborhood. Sherman
traps were baited with a mixture of peanut butter and cow fat,
and cage traps with carrot and raw meat; they were monitored for
three consecutive nights and checked every morning. The species,
sex, weight and body and tail lengths were recorded for each animal
caught. In the natural reserve each individual captured was marked
and released at the site of capture. In all the other sites, animals cap-
tured were removed because tissues sampled were also collected
for parasitological studies.

2.5. Landscape variables

Landscape structure was based on a land-cover classification
from De Pietri and Karszenbaum (2000). The total area of the city
of Buenos Aires was classified into five classes using a numerical
procedure with a NDVI dynamic range computed from a LANDSAT
TM image obtained on December 4, 1997. Each one of the pixels
of 30 m x 30 m of the LANDSAT TM image was assigned to one of
the five land-cover types defined by De Pietri and Karszenbaum
(2000): tree cover when >75% of the pixel was covered by trees,
herb cover when >75% of the pixel was covered by herbs, highly
vegetated urban cover when 75-50% of the pixel was vegetated
and <50% was built up, moderately vegetated urban cover when
5-50% of the pixel was vegetated and 50-80% was built up, and
low vegetated urban cover when <5% of the pixel was vegetated
and >80% was built up. Built up are all surfaces in which buildings,
paved roads, or other constructions replaced the natural substrate.
Gardens, parks or other open areas with natural or implanted vege-
tation are excluded from this category. We also included two digital
maps: one of bodies of water and the other contained all buildings
of the city of Buenos Aires. We checked the information provided
by the land-cover classification and the digital maps by field obser-
vations. The classification of De Pietri and Karszenbaum (2000)
did not consider the bodies of water, which were misclassified.
We modified this classification in order to include the bodies of
water as a new land-cover type replacing the assignment of pix-
els misclassified, according to the digital map of bodies of water.
The new classification has 6 classes that cover 100% of the surface
of the city. The digital map of buildings was considered indepen-
dently.

At each site, we selected a 75 ha hexagonal window in which we
quantified the relative proportion of the surface occupied by the dif-
ferent land-cover types, and the proportion covered by buildings.
The size of these windows was determined according to the area
needed to include the trap lines or blocks where rodents were sam-
pled. In the industrial-residential neighborhood 1 we used three
windows to contain the 23 blocks sampled, while in the other sites
we used only one window because the area sampled was smaller.
Using only one window of greater size in all sites would have
included a large proportion of non-sampled area in eight sites. The
three windows of the industrial-residential neighborhood 1 were
considered as a single observation for the statistical analysis on the
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basis of their contiguity. A Geographic Information System was used
to process all data (ArcView GIS 3.2a and ArcView Spatial Analyst:
ESRI, 1999).

2.6. Data analysis

We estimated species richness, species diversity and commu-
nity composition at each site. Diversity was determined using
the Shannon-Wiener (H) diversity index (Krebs, 1989; Magurran,
1988). Finally, the community composition was described by the
relative abundance of each rodent species (p;), which was calcu-
lated as the number of individuals of a given species divided by the
total number of individual rodents captured. We assumed that the
different capture rates, that the species could have, do not bias the
results.

The similarity in the composition of the rodent community
among sites was evaluated with the Czekanowski's quanti-
tative index (Matteucci and Colma, 1982; Pielou, 1984). The
Czekanowski’s index is calculated as the total sum of the lower
relative abundance of each species between two compared com-
munities. If p;; and pj, are the relative abundances of species i in
communities one and two respectively and S the total number of
species, then the Czekanowski’s index; » = Zf:1minimum(p,-1 , Diz)-
The similarity matrix of rodent community was expressed as a
dendrogram, constructed with a cluster analysis using the simple
linkage method (Pielou, 1984). The simple linkage method (also
called nearest neighbors) joins two clusters, on basis of the two
most similar communities in the different clusters (Pielou, 1984).

We analyzed the relation between species richness, diversity
and the proportion of introduced species at each site and its
location in the proposed environmental gradient by means of
non-parametric rank correlations. We assigned the rank: 0 to the
reserve, the most natural landscape unit, 1 to parklands, 2 to
the shantytowns and 3 to the most urban landscape unit, the
industrial-residential neighborhoods.

The association between species composition and landscape
structure was analyzed using Euclidean distance matrices obtained
from landscape data. These were compared with the similarity
matrix based on rodent composition using simple and partial
Mantel tests (Legendre and Legendre, 1998). Significance of the
association was tested by 1000 Monte Carlo permutations (using
zt 1.0: Bonnet and de Peer, 2001-2002). Because the relation-
ships between rodent community and landscape structure may be
masked by spatial autocorrelation, a matrix based on the actual dis-
tances between sampled sites was calculated and also compared
with the other distance matrices using the Mantel tests (Legendre
and Legendre, 1998).

We analyzed the association between the relative abundance
of each rodent species from the nine studied sites and land-
scape structure using Generalized Linear Models (McCullagh and
Nelder, 1999), with a forward stepwise multiple regression pro-
cedure (Nicholls, 1991). The response variables were the relative
abundance of each species in the community, and the explana-
tory variables were the proportions of the different land-cover
types and buildings. The S-plus 6.0 software was used to fit the
model (Insightful, 2002). On the basis that the response variables
are proportions, we assumed a binomial distribution of errors and
applied the logistic function as a link for the response variable
(Crawley, 1993). This function constrains the predicted values to lie
between zero and one. We computed the Pearson correlation coef-
ficient between pairs of explanatory variables to test for colinearity
between them. Whenever two variables were strongly associated
(with p<0.01), the one accounting for the greatest change in vari-
ance was kept, whereas the other one was excluded from further
analysis.

3. Results

We caught 413 rodents belonging to seven species during 5462
Sherman trap-nights and 5211 cage trap-nights. Of these, four were
native species (O. flavescens, D. kempi, C. musculinus and C. aperea),
and three were introduced species (R. norvegicus, R. rattus and
M. musculus). Native rodents were exclusively found in vegetated
environments, whereas introduced rodents were also captured in
dwellings, shops and factories. The distribution of species was
not homogeneous among sites (2 =755.48, d.f.=40; P=0.000; C.
musculinus was not included in the analysis because of the small
number of captures). In the natural reserve, the rodent community
was dominated by the native species D. kempi and O. flavescens;
this site showed the highest species richness, Shannon-Wiener
diversity index and number of native rodent species (D. kempi, O.
flavescens, C. musculinus and C. aperea, Fig. 2). Parklands 1 and 2
ranked second in the Shannon-Wiener diversity index, and also
had native rodents (Fig. 2). M. musculus was caught in all three park-
lands, R. norvegicus and C. aperea in two of them, O. flavescens was
exclusively captured in parkland 2, and R. rattus in parkland 3. In
shantytowns, the dominant species were R. norvegicus and M. mus-
culus, and R. rattus was also found. In contrast with Arango et al.
(2001), Coto (2001), and Seijo et al. (2002, 2003), M. musculus was
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Fig. 2. Rodent community composition, richness, diversity, total rodents captured
(individuals) and similarity among sites sampled in the city of Buenos Aires. The
dendrogram depicts clustering of the Czekanowski’s quantitative index. Diversity:
Shannon-Weaner diversity index. R: natural reserve, P1-3: parklands 1-3, S1-3:
shantytowns 1-3 and N1-2: industrial-residential neighborhoods 1 and 2.
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animportant component of rodent communities in shantytowns. In
the two urban industrial-residential neighborhoods, R. rattus dom-
inated the captures, accompanied by R. norvegicus. According to
the Czekanowski’s index, the two industrial-residential neighbor-
hoods were the most similar in rodent composition, and differed
from shantytowns, parklands and the natural reserve. The rodent
community of the natural reserve was different from all others.
Parklands and shantytowns were similar, but did not constitute a
homogeneous group (Fig. 2).

Rodent communities showed a decrease in species diver-
sity (Spearman r=-0.710, n=9, p=0.032), richness (Spearman
r=-0.777,n=9, p=0.014) and native species representation (Spear-
man r=-0.782, n=9, p=0.013) with increasing urban conditions
according to the environmental gradient proposed (Fig. 3). Along
the environmental gradient the different land-cover types change
their proportion, from a dominance of tree cover in the reserve
to moderate vegetated urban cover in the industrial-residential
neighborhoods (Table 1). There was a strong association only
between the proportions of buildings and moderately vegetated
urban cover (rp=0.944, p=0.000).

According to the Mantel test, there was no spatial correlation
in species composition or in landscape structure (p>0.05 for all
cases). Species composition of sites was associated with the propor-
tion of surface occupied by buildings (simple ry;=0.455, p=0.012)
and highly vegetated urban cover (simple ry; =0.345, p=0.035). Sig-
nificant associations were also found between rodent community
composition and the proportion of surface occupied by buildings,
when the effect of the proportion of highly vegetated urban cover
was partialled out (partial Mantel test ry;=0.44, p=0.017), and
between rodent community composition and the proportion of
highly vegetated urban cover, when the effect of the proportion of
surface occupied by buildings was partialled out (partial ry; =0.324,
p=0.033).

Table 2

@ S P R

N
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Urban Natural
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R. rattus

R. norvegicus

M. musculus

C. aperea

O. flavescens

D. kempi

C. musculinus

Fig. 3. (a) Landscape units studied in the city of Buenos Aires ordered according to a
proposed environmental gradient and (b) rodent species’ distribution among them.
Black elements represent artificial elements like buildings, and green elements rep-
resent natural elements like vegetation. N: industrial-residential neighborhoods,
S: shantytowns, P: parklands and R: natural reserve. Horizontal lines over rodent
species’ names indicate the relative abundance of rodent species in the different
landscape units: dominant (thick line), not dominant (thin line), and absent (no
line). (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of the article.)

Forward stepwise multiple regression analyses conducted between the relative abundance of R. rattus, R. norvegicus, M. musculus, C. aperea and O. flavescens; and the abundance

of land-cover types (see text).

Coefficient t p Residual variance d.f. Change in variance d.f. p
R. rattus (R? = 0.943)
Null model 179.41 8
Intercept —8.46 —6.57 0.000
Buildings 23.98 6.57 0.000 10.23 7 169.18 1 0.000
R. norvegicus (R? = 0.967)
Null model 248.17 8
Intercept —5.53 —8.51 0.000
Highly vegetated 16.41 9.86 0.000 64.44 7 183.73 1 0.000
Herbs -17.62 —5.86 0.001 27.05 6 37.40 1 0.000
Bodies of water 7.47 3.95 0.028 8.11 5 18.94 1 0.000
M. musculus (R? = 0.670)
Null model 105.59 8
Intercept -1.71 —7.54 0.000
Herbs 12.85 4.55 0.003 85.19 7 20.40 1 0.000
Bodies of water —23.50 —-4.31 0.005 53.42 6 31.77 1 0.000
Trees 7.41 3.56 0.016 31.72 5 21.71 1 0.000
C. aperea (R? = 0.998)
Null model 28.13 8
Intercept —0.76 -1.24 0.250
Moderately vegetated —38.20 -1.49 0.180 8.55 7 19.58 1 0.000
Trees -3.79 —2.88 0.028 0.07 6 8.49 1 0.004
0. flavescens (R? = 0.808)
Null model 117.72 8
Intercept —4.28 —8.89 0.000
Trees 6.84 7.23 0.000 22.60 7 95.12 1 0.000

Proportion of the surface occupied by tree cover (trees), herb cover (herbs), highly vegetated urban cover (highly vegetated), moderately vegetated urban cover (moderately
vegetated) and low vegetated urban cover (low vegetated), bodies of water and buildings. R; 2 statistics: the proportional reduction in the absolute value of the log-likelihood,
t: Student’s statistics for the coefficients.
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According to multivariate regression analysis, the relative abun-
dance of R. rattus increased with increasing the surface occupied by
buildings (Table 2). R. norvegicus was most abundant in the com-
munities at sites with a larger proportion of highly vegetated urban
cover, a larger proportion of bodies of water, and a lower propor-
tion of herb cover. The relative abundance of M. musculus increased
with increasing proportion of surface occupied by herbs and trees,
and with decreasing proportion of surface occupied by bodies of
water. The relative abundance of C. aperea increased with decreas-
ing proportion of moderately vegetated urban cover and tree cover.
The relative abundance of O. flavescens increased with increasing
proportion of tree cover. These models explained almost all the
variance for R. rattus, R. norvegicus, C. aperea and O. flavescens, and
a great amount of it for M. musculus (Table 2).

4. Discussion

We found seven rodent species in the studied landscape units
of Buenos Aires. According to previous works (Castillo et al.,
2003; Chernousova, 2001; Dickman and Doncaster, 1987) native
rodents can be common in urban landscapes. In the present work,
native species were dominant in the natural reserve but were
also present in parklands. R. rattus, R. norvegicus and/or M. mus-
culus were the dominant species in parklands, shantytowns or
industrial-residential neighborhoods (Fig. 3). R. norvegicus and M.
musculus were the most common species, being present in seven
of the nine sites studied, probably because of their high ability
of adaptation to different environments (Timm, 1994a,b). R. rattus
was mainly restricted to the industrial-residential neighborhoods,
whereas D. kempi and C. musculinus were restricted to the natu-
ral reserve. D. kempi was not reported previously for the city of
Buenos Aires, while A. azarae and C. laucha were cited by Massoia
and Fornes (1967) and Pearson (1967) and were not found in our
work. The growing urbanization that took place in the city during
the last 35 years resulted in the disappearance of remnant grass-
lands, which are the appropriate environments for these species
(Busch et al., 2001). Currently, rodent communities of Buenos Aires
are composed of a few species that likely lived in the area before
the foundation of the city, and of introduced species. The disappear-
ance of the remaining native species, as for A. azarae and C. laucha,
would also have resulted from the disappearance of appropriate
environments due the urbanization.

At alandscape scale, the abundance of organisms is determined
by the existence of different environments and spatial heterogene-
ity (Kotliar and Wiens, 1990; Levin, 1992; Wiens et al., 1993). As
was observed in other studies on small mammals and birds (Cueto
and Lépez de Casenave, 1999; Jeganathan et al., 2004; Macdonald
and Rushton, 2003; Rushton et al., 2004; Sauvajot, 1998; Savard et
al., 2000; Smart et al., 2004), we found that the community compo-
sition was associated to the landscape structure, characterized by
different proportions of land-cover types. The existence of differ-
ent environments within the landscape units allowed the species
present in the region to occupy the urban ecosystem, as proposed
by Alard and Poudevigne (2002). As was observed for bird com-
munities (Melles et al., 2003; Palomino and Carrascal, 2006), we
also found that rodent communities showed a decrease in species
diversity, richness and native species representation with increas-
ing urban conditions.

The natural reserve, may function as an island habitat for rodents
becauseitisisolated from other similar environments; colonization
may have involved random processes, and new species are expected
to appear in the future. We report the first record of O. flavescens,
D. kempi and C. musculinus populations in the reserve. In contrast,
no A. azarae and C. laucha were detected, despite the fact that they
have been cited previously (Narosky et al., 1996). Although D. kempi

was one of the dominant species at this site (Fig. 2), it is generally
rare in rodent communities from Argentina (Gonzalez and Pardifias,
2002). The absence of A. azarae, which is competitively dominant
in other communities (Bonaventura et al., 1991; Busch and Kravetz,
1992), probably favored the dominance of D. kempi.

C. aperea showed a negative association with the proportion of
moderately vegetated urban cover and with the proportion of tree
cover. This is in accordance with the idea that this species prefers
open areas like grasslands and ornamental lawns (Gémez Villafaiie
etal., 2005). O. flavescens was positively associated with sites show-
ing a high proportion of tree cover like the one provided by riparian
thickets in the natural reserve, and by patches of vegetation with
high cover of trees and/or shrubs in parklands, where this species
was commonly captured (Cavia, 2006).

R. norvegicus was associated with sites showing a large pro-
portion of highly vegetated urban cover, which are abundant in
shantytowns (Table 1). In contrast to areas with high abundance of
buildings, shantytowns would provide suitable conditions for the
construction of ground burrows. In parklands, R. norvegicus was
abundant in patches with high cover of trees and/or shrubs (Cavia,
2006), as shown by the inclusion of tree cover in the regression
model. The presence of R. norvegicus in parklands could be associ-
ated with bodies of water, based on its occurrence along riversides
in other cities (Bajomi and Sasvari, 1986; Castillo et al., 2003; leradi
et al., 1996). This environmental association, reflected by the inclu-
sion of the proportion occupied by bodies of water in the regression
model, would be related to the need of free water by R. norvegicus
(Timm, 1994Db).

M. musculus, in contrast, has been reported to have alow require-
ment for free water (Timm, 1994a) and to be a poor competitor
(Busch et al., 2005), and its high abundance in parklands lacking
bodies of water may be related to the absence of R. norvegicus.
This may also explain the negative association observed between
bodies of water and the relative abundance of M. musculus. How-
ever, in the other landscape units studied herein, lack of bodies of
water does not mean lack of available water. In shantytowns, for
example, rodents obtain water from the commonly found puddles
and trenches, and from drinking troughs for pets. Cavia (2006) has
reported the presence of M. musculus in patches with high cover of
herbs, trees and/or shrubs in the natural reserve and parklands. In
the present work this environmental association is reflected by the
inclusion of herb and tree cover in the regression model.

R. rattus was more abundant at sites with high proportion of
constructions, in agreement with Marsh (1994), who stated that
residential or industrial areas provide suitable habitats for this
species. The ability of this rat to climb and build nests with artificial
materials inside buildings (Marsh, 1994) may have contributed to
its spread in areas of high construction density in Buenos Aires.

According to our models, the most common species in Buenos
Aires may be R. rattus, because buildings and moderately vegetated
urban cover are dominated in the city. This is in disagreement with
observations in other cities where R. norvegicus is the most com-
mon rat, as in New York (Childs et al., 1998), Baltimore (Davis,
1951; Jackson, 1998), Rome (Ieradi et al., 1996), Budapest (Bajomi
and Sasvari, 1986), Salzburg (Traweger and Slotta-Bachmayr, 2005)
and many cities in England (Langton et al., 2001). This difference
may be attributed to the R. rattus worldwide geographic distribu-
tion, which suggests that it is much more suited to warm climates
(Marsh, 1994), and in consequence it may be the most common
species in cities with mild temperature conditions, while R. norvegi-
cus dominates in cities with cold climates. The differences between
the two species of rats may be taken in account to the design of
control measures.

Parklands may provide refuge for native flora and fauna in urban
ecosystems (Cornelis and Hermy, 2004). The presence of native
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species in parklands may suggest that they can be, along with
reserves, potential sites for their conservation. There could be a
conflict, however, between conservation goals and the need of con-
trol of some rodent species. In the present study, native rodents
were captured in patches of spontaneous vegetation within park-
lands, but these patches may also harbor introduced species that
may be involved in the transmission of pathogens to human, such
as Leptospira spp. (Seijo et al., 2002) and hantavirus Seoul (Cueto
et al.,, 2008). On the other hand, O. flavescens, one of the native
species captured in parklands, is associated with the transmis-
sion of a severe pulmonary disease in the region, the Hantavirus
Pulmonary Syndrome (Levis et al., 1995; Rivera et al., 2007). The
use of recreation areas as parklands for the conservation of native
rodents may increase the risk of zoonoses transmission to the vis-
itors.

In our study not all sites were sampled simultaneously and/or
in all seasons. However, the associations observed could not be
attributed to the different dates of sampling because communities
were similar when the landscape structure of the sites was similar
independently of the moments in which they were sampled. The
noise associated to different dates of sampling did not unmask the
effect of landscape structure probably because the effect of urban-
ization on rodent communities is stronger than the seasonal or inter
annual changes.

Based on the strong association observed between rodent
community composition and environmental characteristic at the
landscape scale, it is possible to identify areas where native fauna
is potentially present, determining which areas could be of interest
for conservation purposes. Our results also allow us to suggest that
in the reserve and parklands proactive actions are needed to reduce
the potential risk of transmission of hantavirus by O. flavescens to
the visitors. In residential areas, when rodent poison campaigns
are decided, the product used could be selected (the chemical,
bait bases and formulation) in accordance to the species that are
going to be controlled, such as R. rattus in industrial-residential
neighborhoods or R. norvegicus and M. musculus in shantytowns.
However, the association observed between rodent community
composition and environmental characteristic may be integrated
in a multi-scale approach, because factors that affect commu-
nity characteristics act at different scales, and a landscape scale
approach may not be sufficient to elucidate ecological outcomes
of community composition (Cornelis and Hermy, 2004; Corry and
Nassauer, 2005). Finally, a similar approach can be useful to map
the distribution of rodent species in other cities, in order to make
management decisions for either conservation or pest control
goals.
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