
ISSN  0327-9383

Recibido 7 julio 2005. Aceptación final 7 abril 2006.

Mastozoología Neotropical, 13(1):103-116, Mendoza, 2006
©SAREM, 2006 Versión on-line ISSN 1666-0536

www.cricyt.edu.ar/mn.htm

INTRODUCTION

A striking diversity of small mammals can be
found in the variety of habitats scattered
throughout the central Paraguayan Chaco. The
central Chaco presents a broad array of habi-
tats ranging from undisturbed forest to grass-
lands, riparian habitats, and agroecosystems.
Although studies of wildlife-habitat relation-
ships in South America historically have been
conducted in natural, relatively undisturbed
ecosystems (Meserve et al., 1988; Patterson et
al., 1990; Kelt et al., 1994), interest is increas-
ing regarding studying small mammal com-
munities in agroecosystems. Much of this re-
search has focused on small mammal reser-

voirs of infectious diseases. For example, a
number of studies have been conducted in
agroecosystems in central Argentina in the
endemic region of Argentine Hemorrhagic
Fever (Mills et al., 1991a; Mills et al., 1992;
Ellis et al., 1997; Ellis et al., 1998), whereas
other studies have looked at agroecosystems
associated with hantavirus reservoirs (Calderon
et al., 1999; Yahnke et al., 2001; Carroll et
al., 2005).

Habitat selection, which affects nearly all of
an individual’s subsequent choices concerning
food, shelter, risk of predation, and mating
opportunities, can be viewed as a hierarchical
process in which organisms first choose a
general place in which to live (a habitat) and
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then make subsequent decisions about the use
of different patches or microhabitats (Orians
and Wittenberger, 1991). The spatial distribu-
tion of patches within a habitat affects the
ability of different species to coexist in a re-
gion. A necessary requirement for coexistence
is that each species possesses a habitat or patch
in which it is the most efficient forager (Kotler
and Brown, 1988).

Most natural assemblages comprise compet-
ing species that range from those with narrow
habitat requirements (specialists) to others with
wider habitat requirements (generalists), with
specialists competitively excluding less well-
adapted species (Morris, 1996). Brown (1996)
demonstrated that widespread habitat general-
ists might coexist with competing habitat spe-
cialists if they exploit the shared environment
at a larger spatial scale. The generalist’s strat-
egy is to exploit whichever habitats are un-
used or underused by more specialized spe-
cies. Because habitat selection can occur any-
where along a continuum of spatial scales from
the level of microhabitat to macrohabitat
(Kotler and Brown, 1988), attempts were made
to sample small mammals at multiple spatial
scales for this study. I sought to investigate
habitat selection in a variety of habitats, in-
cluding agroecosystems, at different spatial
scales as a mechanism of coexistence among
small mammals in the central Paraguayan
Chaco.

MATERIALS AND METHODS

The Chaco of Paraguay covers an area of 246 925
km2 (61% of the land in Paraguay) and has about
3% of the human population in Paraguay (Raidán,
1985). The 2002 census listed 142 501 people liv-
ing in the three departments of the Chaco (DGEEC,
2002). Many of these are Mennonites, who live in
three large colonies in the central Paraguayan
Chaco. The Mennonites are ardent farmers with
large plantations of peanuts, castor beans, sorghum
and cotton (Benirschke et al., 1989). This area of
the central Chaco is dominated by extensive agri-
culture and cattle production. Although a large
number of cattle ranches exist throughout the
Chaco, it is only in the vicinity of Mennonite
colonies that dry farming of crops exists on a large
scale (Kleinpenning, 1984). Prior to the coloniza-

tion of the central Chaco by the Mennonites in the
1930s, most of this area consisted of low, dry thorn
forest and native grassland. Remnants of these habi-
tat types, together with agricultural habitats and
successional communities, have created a landscape
mosaic.

The central Chaco is subtropical and semixeric,
with a pronounced seasonality in precipitation.
Annual rainfall averages 850 mm, and tempera-
tures range from a mean maximum during the
hottest month, January, of ca. 35°C, to a mean
minimum temperature of ca. 23°C during the cold-
est month, July (Fig. 1). A predictable dry season
occurs from April through September, with most
of the rain occurring during the months of Novem-
ber to February (Fig. 1). Precipitation also can be
patchy in distribution. For example, one of the
trapping sessions during the wet season was re-
scheduled because the site received over 300 mm
of rain during a two-day period, whereas most other
sites received between 30-60 mm during the same
two days.

Gross habitat utilization

Four habitats common to the central Chaco were
chosen for trapping of small mammals. Two of
these habitats (pastureland and cropland) repre-
sented the predominant agricultural land use,
whereas the other two habitats (thorn forest and
thorn scrub) represented the dominant undisturbed
and successional habitats, respectively. Three sites
for each habitat type were chosen for a total of 12
sites (Fig. 2). The elevation of the 12 sites ranged
from 120 to 149 meters above sea level. Trapping
was concentrated in Fortin Toledo (including
Corrales), Filadelfia (Chacra Experimental
Filidelfia), and Cruce de Los Pioneros (Chacra
Experimental Chaco Central, Isla Poi). Because
thorn scrub represented a successional habitat,
identifying a uniform patch of similar age and
sufficient size in each of the trapping centers was
difficult. To maximize similarity of sites represent-
ing this habitat type, all were located near Estancia
Toledo, a large cattle ranch that was abandoned
about fifteen years ago.

Sorghum was chosen to represent the common
cropland habitat in the central Chaco. Bland or
unstructured soil and a lack of trees and shrubs
characterized cropland habitats. These habitats were
disturbed seasonally when crops were harvested.
Generally, two to three crops are harvested during
the wet season. If the last crop is not productive,
the field usually will be left uncut until it is pre-
pared for planting in spring (about mid-Septem-
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Fig. 1. Mean monthly maximum and minimum temperatures, and total monthly rainfall, during the study period.
Bars represent standard deviation about the mean. Measurements were taken at Fortin Toledo (S 22o20’23”,
W 60o20’22”).

Fig. 2. Map of the central Paraguayan Chaco showing trapping centers near Fortin Toledo, Filadelfia, and Cruce Los
Pioneros. Boxes represent trap sites. Letters in boxes represent habitat (P = Pasture, C = Cropland, T = Thorn
scrub, F = Forest), and numbers correspond to sites in Table I.
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ber). The typical growing season in the central
Chaco is from October through March.

Pasture is the most common land use in the
central Chaco and extensive variation occurs from
ranch to ranch in the quality and type of pasture.
The pastures that I sampled were moderately grazed
to ungrazed. In general, these pastures were not
devoid of trees and shrubs; with a few large trees
that were left by ranchers to provide shade for
cattle. These trees are usually red and white que-
bracho (Schinopsis quebracho-colorado, Aspi-
dosperma quebracho-blanco), although the en-
demic palo santo (Bulnesia sarmientoi) is com-
monly found in pastures. The soil was generally
hard or more structured than that found in crop-
land habitats.

Thorn scrub represents the major successional
habitat in the central Chaco. The habitat is charac-
terized by hard, sun-baked soils with high clay
content, low herbaceous ground cover and a high
diversity of cacti and shrubs including Opuntia spp.,
Acacia spp., and Capparis spp. Moreover pioneer-
ing trees such as mesquite (Prosopis spp.) and verde
oliva (Cercidium praecox) are characteristic of this
habitat. Most of the trees and shrubs range from
three to five meters in height, although large trees
(15 meters) such as red and white quebracho are
scattered throughout this habitat.

Thorn forest is the major forest type in the cen-
tral Chaco. It is characterized by medium soil
hardness, a high diversity of shrubs and trees, a
mixed understory of herbs, bromeliads (Bromelia
spp.) and cacti (Cleistocactus spp., Eriocerus spp.),
and a low canopy (five to ten meters) consisting
mainly of Rupretchia triflora with occasional tall
trees (15-20 meters) such as Schinopsis quebra-
cho-colorado, Aspidosperma quebracho-blanco,
and the bottle tree Chorisia insignis.

Small mammal trapping was conducted from July
1996 to September 1997. Animals were captured
using Sherman live traps (8 x 9 x 23 cm, baited
with a mixture of ground peanuts, cracked corn,
and rolled oats), and Victor snap traps (baited with
manioc). Trapping stations were placed at 10-meter
intervals in four parallel traplines of 25 stations.
The shape of the grid and spacing of the traps
covered one hectare. In addition, every fourth sta-
tion contained a Tomahawk trap (14 x 14 x 40 cm,
baited with manioc, banana, or fish). After six trap-
ping sessions, the Tomahawk traps were not cap-
turing any unique species, and so they were dis-
continued. At each site, trapping was done for four
consecutive nights, once during the wet season and
once during the dry season. Four of these sites

(one in each habitat type) were trapped in each of
two consecutive dry seasons, yielding a total of 28
trapping sessions (Fig. 2). Trapping duration was
determined empirically after preliminary studies
showed that no new species were encountered af-
ter three nights and trap success decreased dra-
matically by the forth night. Trap success was
calculated as the total number of captures divided
by the total number of trap nights (i.e., total num-
ber of traps minus one-half of snapped-but-empty
traps) (Mills et al., 1991b). Because trapping ef-
fort and grid size was constant, relative densities
of small mammal species were estimated as total
captures during the trapping session on a one hect-
are grid (Brower et al., 1998).

Microhabitat utilization
Quantitative analysis of vegetation was conducted

to characterize structural microhabitat within a five-
meter radius of each trapping station where ani-
mals were captured (Patterson et al., 1990; Kelt et
al., 1994). Measurements included distance, diam-
eter, and height of nearest shrub, number of spe-
cies of shrubs and trees, number of shrubs over
100 cm in height, number of trees over 5 cm in
diameter, number of trees over 15 cm in diameter,
maximum height of trees, mean percent ground
cover (bare, herbaceous, tree plus shrub), percent
litter cover, and soil hardness (measured with a
soil penetrometer). In addition, numerically domi-
nant trees and shrubs were identified to species at
each trap station using descriptions in Arenas
(1981) and Lopez et al. (1987). The term “micro-
habitat” refers to the structural characteristics within
a five-meter radius of each trapping stations,
whereas the term “habitat” refers to the habitat
where a trapping grid was located (e.g. cropland,
pasture, thorn scrub, thorn forest).

Data concerning vegetation were tested for nor-
mality using the Shapiro-Wilk statistic (Shapiro
and Wilk, 1965), as well as the g1 and g2 statistics
for skewness and kurtosis (Zar, 1984), and trans-
formed where necessary to meet the assumptions
of normality. Transformations were not necessary
for most data; a square-root transformation was
used for distance to nearest shrub, diameter of
nearest shrub, number of trees over 5 cm in diam-
eter, number of trees over 15 cm in diameter, and
soil hardness, and square-root transformations fol-
lowed by an arcsine transformation were used for
litter cover and percent herbaceous ground cover.
All statistical analyses were performed with SAS
version 6 (SAS Institute, 1990) or SPSS version
10.0 (SPSS, 1999).



NATURAL HISTORY OF PARAGUAYAN MAMMALS 107

Multivariate analysis of variance (MANOVA)
was conducted on vegetative parameters to deter-
mine which differed significantly among mamma-
lian species. Vegetative parameters deemed sig-
nificant using the Student-Neuman-Keuls post-hoc
test were used in a principal components analysis
(PCA), in order to reduce the multidimensional
variation to fewer axes. Correlation matrices were
used to equalize the influence of variables with
highly different ranges. Captures of rodents at trap-
ping stations (mean and 95% confidence interval)
subsequently were superimposed onto reduced di-
mensions to visualize habitat separation.

RESULTS

Gross habitat utilization

Total rainfall during the 14 month study at
Fortin Toledo was 1052 mm, with 727 mm
(69%) of precipitation occurring between
November and February (Fig. 1). A total of
1089 small mammals representing 13 species
was captured during 23 296 trap nights
(Table 1). Trap success averaged 5.55% for
the entire study but ranged considerably from
0.4% to 50.5% (Fig. 3). Trap success was

higher during the dry season (mean = 8.78%,
n = 16) than during the wet season (mean =
1.25%, n = 12) (Fig. 3). Each small mammal
species was more abundant during the dry
season. Only Monodelphis domestica was cap-
tured more often during the wet season. Only
118 small mammals were captured during the
entire wet season, representing 10.8% of all
captured mammals during the 14 month study.
Holochilus chacarius and Bolomys lasiurus
exhibit a strong preference for pastures,
whereas species such as Calomys laucha and
Akodon toba were captured in all habitats
(Table 1). Species of Calomys were more
common in agricultural habitats, whereas
Graomys, Oligoryzomys, and marsupials were
more common in wooded habitats (Table 1).

Microhabitat utilization
Based on vegetation metrics at all trapping

sites (n = 837), species differed significantly
(Table 2). However, no difference existed
among species for soil hardness (Table 2), so
this variable was excluded from the principal
components analysis. Three eigenvalues were
greater than unity, and accounted for 81.0%

Table 1
Number and distribution of small mammals in four habitats of the central Paraguayan Chaco. Three sites
were sampled within each habitat. Each site was sampled once during the dry season and once during the
wet season. Four sites (asterisks) were sampled three times yielding a total of 28 trapping sessions.

Agricultural habitats Wooded habitats

Species Cropland Pasture Forest Thorn scrub

1 2 3* 1 2 3* 1 2 3* 1* 2 3 Total

Akodon toba 0 6 2 3 26 79 1 0 5 12 0 0 134
Andalgalomys pearsoni 0 4 1 0 0 8 0 0 0 3 0 1 17
Bolomys lasiurus 3 9 2 6 214 37 0 0 0 0 1 0 272
Calomys callosus 0 6 1 0 14 55 4 0 0 1 0 0 81
Calomys laucha 10 19 49 47 3 33 8 0 0 32 8 8 217
Calomys musculinus 0 44 31 7 2 49 1 0 0 6 2 0 142
Galea musteloides 0 0 0 0 1 4 2 0 0 0 0 0 7
Graomys griseoflavus 1 1 0 1 0 31 10 9 15 24 18 17 127
Holochilus chacarius 0 2 0 0 32 10 0 0 0 0 0 0 44
Oligoryzomys chacoensis 1 2 1 0 0 7 1 0 21 2 0 0 34
Gracilinanus agilis 0 0 0 1 1 0 1 0 3 0 0 0 6
Monodelphis domestica 0 0 0 0 0 0 4 0 1 0 0 0 5
Thylamys pusilla 0 0 0 0 0 0 0 2 1 0 0 0 3

1089
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Fig. 3. Total rainfall (measured at Fortin Toledo) and percent trap success in each of four habitats sampled in the
central Paraguayan Chaco. Trap success was calculated as the total number of captures divided by the total
number of trap nights (i.e., total number of traps minus one-half of snapped-but-empty traps), and each point
represents total trap success during a four day trapping session.

of the variability among capture sites (Table 3).
Univariate ANOVAs conducted on PC axes
scores revealed significant segregation of spe-
cies along axis 1 (F = 27.64, df = 11, P <
0.001) and axis 2 (F = 5.41, df = 11, P <
0.001). PC 1 loaded heavily on variables as-
sociated with trees and shrubs, whereas PC 2
was strongly associated with herb height and
litter (Table 3). When captures of small mam-
mals were mapped onto PC axes, consider-
able overlap characterized species (Fig. 4).
However, Student-Newman-Keuls’ a posteriori
tests on component scores identified separa-
tion of small mammals found in agricultural
habitats versus those in wooded habitats
(Fig. 4). Multiple captures at a trap site vio-
lates the assumption of independence in the
species data since the same vegetation mea-
surements were used more than once. The data

were analyzed discarding trap sites with mul-
tiple captures (n=201) and the results for both
MANOVA and PCA were almost identical.

DISCUSSION

Published reports of habitat use by small
mammals in the Chaco are generally in agree-
ment with these results, although with note-
worthy exceptions. Research concerning the
morphological and behavioral specialization of
these species elsewhere in South America pro-
vides some insights into their use of habitat in
the central Chaco.

Akodon toba: is endemic to the Chaco of
western Paraguay, eastern Bolivia, and north-
western Argentina (Myers, 1989). In the west-
ern Chaco, individuals were captured in thorn
forests and semi-desert scrublands. Although
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Table 2
Multivariate analyses of variance for species differences with respect to 16 vegetative parameters demon-
strated significant differences among species (Wilk’s Lambda = 0.266, F = 6.58, df = 176, P < 0.001).
Significance levels from the individual ANOVAs are presented for each parameter as are means for each
species. Superscripts denote groupings according to Student-Newman-Keuls’ a posteriori tests. Species
sharing superscripts were found to not differ significantly ( =0.05). Means are untransformed values.

TAXON

Parameter P Akodon Bolomys Calomys Calomys Calomys
toba lasiurus callosus laucha musculinus

Distance to nearest shrub (cm) <0.001 61.92 abcd 27.75 ab 14.25 a 61.78 abcd 43.42 abc

Width of nearest shrub (cm) <0.001 1.32 a 0.50 a 0.43 a 1.76 a 0.88 a

Height of nearest shrub (cm) <0.001 67.47 ab 26.64 ab 27.16 ab 75.17 ab 43.31 ab

Number of species of shrubs <0.001 1.25 a 0.39 a 0.26 a 1.56 a 1.00 a

Shrubs > 50cm in height <0.001 2.97 a 0.81 a 1.16 a 4.26 a 2.12 a

Shrubs > 100cm in height <0.001 2.15 a 0.55 a 1.03 a 3.46 a 1.70 a

Number of species of trees <0.001 0.21 a 0.04 a 0.09 a 0.49 ab 0.12 a

Trees > 5cm in diameter <0.001 0.36 a 0.04 a 0.19 a 0.81 ab 0.11 a

Trees > 15 cm in diameter <0.001 0.04 a 0.01 a 0.06 a 0.22 ab 0.01 a

Tree height (m) <0.001 0.64 a 0.22 a 0.58 a 1.90 a 0.41 a

Herb height (cm) <0.001 120.41 ab 130.64 b 116.88 ab 97.55 ab 129.73 b

Herbaceous ground cover <0.001 0.85 de 0.95 e 0.87 de 0.62 abc 0.80 cde

Bare ground cover <0.001 0.07 abc 0.03 ab 0.11 abcd 0.26 e 0.15 cde

Tree/shrub ground cover <0.001 0.08 a 0.05 a 0.02 a 0.12 a 0.05 a

Litter <0.001 0.47 abcd 0.68 de 0.56 cd 0.38 abc 0.43 abc

Soil hardness <0.001 3.31 a 3.28 a 2.96 a 3.50 a 3.08 a

TAXON

Parameter Andalgalomys Graomys Oligoryzomys Holochilus Galea Monodelphis Thylamys
pearsoni griseoflavus chacoensis chacarius musteloides domestica pusilla

Distance to nearest
shrub (cm) 58.77 abc 87.94 cd 76.48 bcd 3.55 a 36.71 abcd 89.60 d 86.40 cd

Width of nearest
shrub (cm) 0.77 a 4.45 b 4.81 b 0.13 a 2.14 a 7.20 b 4.80 b

Height of nearest
shrub (cm) 50.77 ab 183.73 cd 203.94 d 7.50 a 115.71 bc 310.00 e 203.94 cd

Number of species
of shrubs 0.23 a 3.40 b 3.16 b 0.03 a 1.43 a 4.00 b 3.00 b

Shrubs > 50cm
in height 2.38 a 9.59 b 9.42 b 0.05 a 3.71 a 12.60 b 13.20 b

Shrubs > 100cm
in height 1.92 a 8.37 b 8.81 b 0.05 a 3.57 ab 12.40 d 12.80 ab

Number of species
of trees 0.31 a 1.27 c 1.06 bc 0.00 a 0.57 a 2.20 b 0.60 b

Trees > 5cm in
diameter 0.62 ab 2.47 c 1.71 bc 0.00 a 0.68 abc 2.58 d 0.60 abc

Trees > 15 cm in
diameter 0.31 abc 0.76 c 0.77 c 0.00 a 0.43 bc 0.88 d 0.40 abc

Tree height (m) 2.19 a 6.10 b 6.56 b 0.00 a 6.43 b 14.00 c 7.00 b

Herb height (cm) 113.23 ab 78.27 a 113.74 ab 132.80 b 113.86 ab 88.00 ab 114.20 ab

Herbaceous ground
cover 0.69 bcd 0.45 a 0.57 ab 0.99 e 0.73 bcd 0.46 a 0.60 abc

Bare ground cover 0.24 de 0.28 e 0.19 cde 0.01 a 0.17 cde 0.20 cde 0.14 bcde

Tree/shrub ground
cover 0.07 a 0.27 b 0.24 b 0.00 a 0.10 a 0.34 b 0.26 b

Litter 0.29 a 0.32 ab 0.54 cd 0.75 e 0.53 bcd 0.56 cd 0.52 bcd

Soil hardness 2.68 a 3.58 a 2.78 a 3.34 a 2.21 a 2.30 a 2.70 a
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Table 3
Eigenvectors for the significant components resulting from a principal components analysis conducted on
vegetative parameters from all sites.

Parameter PC 1 PC 2 PC 3

Eigenvalues 9.393 1.578 1.180
Percent of Variance 62.620 10.52 7.860

Distance to nearest shrub within 5m 0.737 -0.245 0.412
Width of nearest shrub (cm) 0.894 0.048 0.290
Height of nearest shrub (cm) 0.873 0.019 0.331
Number of species of shrubs within 5m 0.890 -0.145 0.248
Number of shrubs over 50cm height 0.892 0.041 0.174
Number of shrubs over 100cm height 0.862 0.102 0.176
Number of species of trees within 5m 0.842 0.351 -0.186
Number of trees over 5cm diameter 0.843 0.296 0.218
Number of trees over 15cm diameter 0.739 0.491 0.226
Maximum tree height (m) 0.723 0.477 -0.154
Maximum herb height (cm) -0.580 0.228 0.380
Ground cover (%)

Bare 0.546 -0.478 -0.542
Herbaceous -0.865 0.315 0.313
Tree/shrub 0.908 -0.047 0.022
Litter -0.512 0.566 0.494

Fig. 4. Results of principal components analysis of habitat variables associated with capture sites of small mammals
in the central Paraguayan Chaco. Projections are means with 95% confidence intervals. Ellipses represent
groupings along PC 1 identified by Student-Newman-Keuls’ a posteriori tests.
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A. toba reached its highest densities in pas-
ture, it also was captured in wooded habitats
and cropland. In multivariate space, it occu-
pied an intermediate position with respect to
PC1 and PC2 (Fig. 4). Although it does not
exhibit strong microhabitat associations within
agricultural habitats, it is associated with high
herbaceous ground cover in wooded habitats
(Yahnke, 1999). An average of 4.5 embryos
(n = 4, range 1-7) was observed, with all preg-
nant females captured during December and
January.

Andalgalomys pearsoni: is endemic to the
western Paraguayan Chaco and was first de-
scribed by Myers (1977). It inhabits dry grass-
lands in islands of the western Chaco, leading
Myers (1982) to suggest that it probably is
restricted to the drier, sandier portions of the
western Chaco (along with Calomys laucha).
The majority of captures during this study were
in cropland habitats, with occasional captures
in thorn scrub. Andalgalomys pearsoni, along
with C. laucha and Graomys griseoflavus, are
associated with microhabitats that have rela-
tively little ground cover (Table 2). It was
never trapped in forested habitats. One preg-
nant female with five embryos was captured
in January.

Bolomys lasiurus: is a grassland species,
although it is trapped occasionally in forest.
In the Caatinga of Brazil, B. lasiurus was the
most abundant species, with densities as high
as 187 individuals per hectare (Alho, 1982).
Bolomys lasiurus was seasonally rare in the
Chaco, but during the dry season of 1997, grew
to densities of 208 individuals per hectare at
one pasture site. Bolomys lasiurus was cap-
tured almost exclusively in agricultural habi-
tats, and with Holochilus chacarius, was asso-
ciated most strongly with high herbaceous
ground cover and litter (Fig. 4). This is con-
sistent with work by Streilein (1982) who
found B. lasiurus exclusively in agricultural
habitats in the Caatinga. Pregnant females
averaged 5.8 embryos (n = 5, range 5-7) and
were captured in the months of January, April
and May.

Calomys callosus: in Paraguay, Calomys
callosus is found exclusively in the Chaco,

where it is widely distributed in grassland and
arid thorn scrub (Myers, 1982). In this study,
the highest densities were in pasture, with
occasional captures in other habitats. Only one
individual was captured in thorn scrub
(Table 1). Along with B. lasiurus and H.
chacarius, it associated most strongly with high
amounts of litter and high herbaceous ground
cover (Fig. 4). Pregnant females had an aver-
age of 6.25 embryos (n = 4, range 4-11) and
were captured in the months of May, August,
and December. Calomys callosus (or a close
relative, see Salazar-Bravo et al., 2002) was
identified as the reservoir for Machupo virus,
the etiological agent for Bolivian Hemorrhagic
Fever (Johnson et al., 1966). At the time
Machupo virus was identified, C. callosus
inhabited the moist forest regions in the Beni,
but clearing of forests for agriculture during
the 1950s provided a more productive habitat,
and populations of C. callosus increased dra-
matically (Johnson et al., 1966).

Calomys laucha: this species along with
Akodon azarae and C. musculinus has been
studied extensively in the pampas and
agroecosystems of Argentina (Bilenca et al.,
1992; Busch and Kravetz, 1992). In Argen-
tina C. laucha is most common in croplands
(corn and wheat) and may be excluded from
border habitats by the larger A. azarae. Mills
et al. (1991b) suggested that Calomys were
able to quickly take advantage of unstable,
temporarily suitable habitats such as crop
fields. In the Chaco, high densities of C. laucha
were recorded in agricultural habitats as well
as one thorn scrub site (Table 1). In both
agricultural and successional habitats, C. laucha
was associated with less herbaceous ground
cover than were most other small mammal
species (Table 2). Pregnant females had an
average of 5.15 embryos (n = 38, range 3-8),
and were encountered most frequently during
the austral fall and winter months. In the cen-
tral Chaco, populations of C. laucha began to
increase in April whereas increases for other
small mammal species were not detected until
May or June (Yahnke, 1999).

Calomys musculinus: in Argentine
agroecosystems, C. musculinus was associated
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strongly with cropland. Similar to C. laucha, it
takes advantage of temporarily unstable habi-
tats for rapid reproduction (Mills et al., 1991b).
Pregnant females had an average of 6.07 em-
bryos (n = 14, range 2-8) with captures re-
stricted to May and June. Myers (1982) listed
C. musculinus as occurring strictly in eastern
Paraguay. This is the first of the species in
large numbers from the central Chaco. In the
Chaco, it was captured commonly in cropland
and occurred at high densities at one pasture
site (Table 1).

Galea musteloides: seven Galea musteloides
were captured, mostly in pasture or forest. In
the Salta region of Argentina, Galea is com-
mon in croplands as well as along stream edges
(Redford and Eisenberg, 1989). In the Caatinga
it is found in a variety of naturally occurring
and agricultural habitats (Streilein, 1982).
Captures reported in this study probably un-
der represent its relative abundance in the
central Chaco. Although no captures were
recorded in thorn scrub, Galea was observed
daily in this habitat utilizing its above ground
runways.

Graomys griseoflavus: this was the only
species to maintain high population numbers
throughout the wet season (Yahnke, 1999). It
has been captured in diverse habitats, includ-
ing cultivated areas in northern Argentina
(Mares et al., 1989), and is distributed widely
in grasslands and thorn scrub in the Paraguayan
Chaco (Myers, 1982). In this study, it was more
associated strongly with forest and successional
habitats, although it occurred in high densities
at one of the pasture sites (Table 1). This
pasture site, near Estancia Toledo, had a high
amount of shrubs and trees relative to the other
pasture sites. PCA corroborated the associa-
tion of G. griseoflavus with tree and shrub
variables (Fig. 4). Pregnant females averaged
5.8 embryos (n = 5, range 4-8) and were cap-
tured between January and March.

Holochilus chacarius: marsh rats of the
genus Holochilus are specialized for semi-
aquatic life and are found commonly in
swamps, grasslands, and other moist,
unforested habitats throughout most of South
America, east of the Andes (Hershkovitz,

1955). In the Paraguayan Chaco, H. chacarius
was associated strongly with pasturelands, with
few captures in the other three habitats sampled
(Table 1). Along with B. lasiurus, it preferred
areas with high amounts of litter and high
herbaceous ground cover (Fig. 4). Numbers
were highest during the dry season and there
was no evidence of standing water near any
pastures sampled, although in many of the
pastures in this region, cattle ponds have been
dug to provide water throughout the dry sea-
son. H. chacarius may utilize these habitats
during the dry season, when standing water is
not present in other regions. Of 44 captured
individuals, only three were pregnant. These
included both individuals from the cropland
habitat in May. The average number of em-
bryos was 7 (n = 3, range 4-9).

Oligoryzomys chacoensis: this species was
described by Myers and Carleton (1981). The
holotype was collected in an area of dry grass
surrounded by thorn scrub, about 20 km from
trapping grids at the Chacra Experimental
Chaco Central. Myers and Carleton (1981)
found O. chacoensis to be ubiquitous in thorn
scrub, but found that its highest densities were
in grassland. Although this species occurred
in each of the four habitats in this study, its
highest density (21 individuals per hectare) was
in forest. This is consistent with the observa-
tion that the short hind feet of O. chacoensis
indicate a semi-arboreal existence (Myers and
Carleton, 1981). O. chacoensis has an affinity
for sites with tree and shrub characters (Fig. 4).
Myers and Carleton (1981) found an average
of 4.6 embryos (range 2-5) with reproduction
primarily occurring in January and February.
The two pregnant individuals in this study (2
and 5 embryos) were trapped in April and July.

Mouse opossums
Fourteen individuals representing three spe-

cies of marsupials were trapped during this
study, 12 in forest (Table 1). Each of the three
species was associated with forest, although
Monodelphis domestica has been captured in
grassy areas, brush piles, and domestic set-
tings (Myers and Wetzel, 1979). Marsupials
evince strong microhabitat associations with
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tree and shrub height as well as high amounts
of litter (Fig. 4). Because many mouse opos-
sums are primarily carnivorous or insectivo-
rous, marsupials may have been
underrepresented in the traps, in part because
of choice of bait. Also, all trapping was con-
ducted at ground level, which could underes-
timate the abundance of small arboreal mam-
mals.

Community-level patterns
The distribution and abundance of small

mammals in the central Paraguayan Chaco is
complex. Populations of most small mammal
species in this region were higher during the
dry season than during the wet season (Fig. 3).
Mammalian assemblages were diverse, with
compositional variation between similar habi-
tats from different locations (Table 1). In gen-
eral, pastures exhibited the highest species
richness and greatest abundance of small mam-
mals. In contrast, species richness varied
widely in the other three habitat types, with as
few as two species at one of the forest sites
and as many as nine species at one of the
cropland sites (Table 1). Only B. lasiurus and
H. chacarius demonstrated a strong associa-
tion with a single habitat type (pasture), al-
though each was captured occasionally in crop-
land (Table 1).

Relative distance between sites may be more
useful than gross habitat designations in pre-
dicting community composition in the central
Chaco since different gross habitat patches in
close proximity to one another appeared to
share a greater proportion of species than
apparently similar gross habitat patches that
were not close to one another. The pasture
site at Toledo shared 91% of the small mam-
mal species with the cropland site in nearby
Corrales (about 2 km). In contrast, the three
thorn scrub sites, which are close to each other
in both distance and vegetative structure, never
shared more than 50% of the small mammal
species. Although factor analysis demonstrated
differences among gross habitats based on
selected vegetation metrics (Yahnke, 1999),
these broad habitat categories were not neces-

sarily good predictors of small mammal com-
munity composition.

Implications for coexistence
of small mammals

Small mammals may partition microhabitats
within wooded and agricultural habitats. In
wooded habitats, marsupials and Oligoryzomys
chacoensis were captured at sites with tall trees
and shrubs, suggesting an arboreal association.
Coexistence of O. chacoensis and marsupials
within these microhabitats is likely due to
partitioning of food, with marsupials feeding
primarily on invertebrates and small vertebrates
and O. chacoensis being more granivorous
(Meserve et al., 1988).

Akodon toba is the only species in this
woodland community with a strong preference
for high herbaceous ground cover. Graomys
griseoflavus is a habitat generalist without
microhabitat preference in wooded habitats,
whereas Calomys laucha is captured at sites
with low amounts of litter and hard soils. These
preferences are likely due to higher densities
of C. laucha in thorn scrub habitats with
harder, sun-baked soils and less litter than in
forested habitats. However, the preference for
hard soils may be significant in wooded habi-
tats. Hodara et al. (1997) found that C. laucha
dug burrows under laboratory conditions, and
that hard, compacted soils as opposed to loose,
unstructured soils are best for digging burrows.

Partitioning of microhabitats is more com-
plex in agroecosystems that have higher spe-
cies richness and less habitat complexity. A
number of important environmental parameters
likely were not measured in this study, although
inferences are possible with available data.
Holochilus chacarius and B. lasiurus were
associated strongly with microhabitats with
high herbaceous ground cover. Additionally,
H. chacarius was associated with sites con-
taining high litter. Four species (Akodon toba,
Calomys callosus, C. musculinus, and Graomys
griseoflavus) did not display microhabitat pref-
erences within agroecosytems (Yahnke, 1999).
Coexistence of these species is due probably
to partitioning of food resources or time.
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Priotto and Polop (1997) found that Akodon
azarae was mainly active during daytime and
crepuscular hours, whereas Calomys venustus
was particularly active during crepuscular and
night hours in agroecosystems in Cordoba,
Argentina. Ellis et al. (1998) found that Akodon
and Bolomys were primarily entomophagous
in Argentina, feeding on arthropods, whereas
other rodent species ate dicot seeds. Further,
C. laucha and C. musculinus had nearly iden-
tical diets throughout the year, but exhibited
high spatial segregation in Argentine
agroecosystems (Ellis et al., 1998). That find-
ing corroborates this study, in which C. laucha
and Andalgalomys pearsoni were restricted to
microhabitats with low herbaceous ground
cover. It is unclear whether C. laucha prefers
microhabitats with bare soils, or it is excluded
from more preferred sites. Calomys laucha is
the only species that demonstrates negative
pair-wise correlations with all other species,
suggesting avoidance behavior (Yahnke, 1999).
In central Argentina, habitat segregation be-
tween species may be attributable to interspe-
cific competition that causes C. laucha to shift
to use of less preferred cropfields (Hodara et
al., 1997). Shifting to less preferred gross
habitats such as cropfields or even less pre-
ferred microhabitats may be an adaptive be-
havior for subordinate species in a two-spe-
cies system when densities are low
(Rozenzweig, 1979). Thus, C. laucha may
avoid direct competition with other species of
small mammals in the central Chaco by ex-
ploiting less preferred gross habitats (i.e.
cropfields) as well as less preferred micro-
habitats such as those with little herbaceous
cover and litter.
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