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a b s t r a c t

We compared diet composition, prey selection, home-range size, daily movements, and habitat prefer-
ence of Geoffroy’s cats (Leopardus geoffroyi) between cattle ranches and an adjacent national park in
scrublands of Argentina. Although overall prey abundance was higher in the park than in the ranches,
diet composition was similar between sites, and small rodents were the most common prey item found
in Geoffroy’s cat feces in both sites. Geoffroy’s cats selectively preyed on sigmodontines in the ranches
throughout the year and in the park during spring, when the abundance of this prey type was the lowest
for this site. Mean daily movements of radio-collared Geoffroy’s cats in the park were significantly
shorter than those of cats in the ranches. Differences in habitat use between sites reflected differences in
the availability of different habitat types, and Geoffroy’s cats exhibited different patterns of habitat
selection according to the site and the scale considered. Changes in home-range size and overlap were
also apparent, but the small sample sizes and the short period during which individuals could be
monitored may cloud the actual magnitude of these responses. Geoffroy’s cats exhibited behavioral
plasticity, as the two subpopulations in close proximity had such contrasting trophic and spatial ecology.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Livestock accounts for about 20% of total terrestrial animal
biomass and the 30% of the earth’s land surface that livestock now
pre-empt was once habitat for wildlife (Steinfeld et al., 2006).
Livestock reduces the density and biomass of plant species, alters
their spatial heterogeneity, and decreases habitat productivity
(Belsky and Blumenthal, 1997; Kauffman and Pyke, 2001), thus
affecting the nutrient cycle, soil erosion, and fire regimens (Belsky
and Blumenthal, 1997). These livestock-induced changes, in turn,
can alter the density and vulnerability of small mammals, birds,
invertebrates, and other prey species of carnivores by affecting
availability of food and cover (Hayward et al., 1997; Pia et al., 2003).
About 20% of the world’s pastures and rangelands, and 73% of those
in dry areas, have been degraded to some extent due to livestock
activity (Steinfeld et al., 2006). At present, expansion of crops into
drier areas is forcing livestock production to even drier lands (Sere
et al., 1995). Argentina is following this global trend, with livestock
farming increasing by over 19% between 1998 and 2002 in the
central semiarid region of the country (INDEC, 2004). If this trend

continues, impacts of livestock farming will intensify, resulting in
increased pressure on wildlife and habitats.

Habitat degradation is a major cause of population decline of
many species of carnivores (Wilson and Mittermeier, 2009). Some
felid species may be more sensitive than others to habitat degra-
dation due to ecological and behavioral differences among species
(Gittleman, 1989). However, since most studies on natural history
of felids e particularly of small- and medium-sized felids e have
been performed in protected landscapes (Nowell and Jackson,
1996), knowledge about the ecological response of different
species to potential habitat degradation by livestock is lacking.

The Geoffroy’s cat (Leopardus geoffroyi) is a small felid (approx.
4 kg) classified as “Near Threatened” (Lucherini et al., 2008), found
mostly in arid and semiarid environments from Bolivia to southern
Patagonia in Argentina and Chile (Nowell and Jackson, 1996). This
felid has been described as an opportunistic predator, and the bulk
of its diet in dry areas is composed of small rodents (mainly sig-
modontines, subfamily Sigmodontinae) and introduced hares
(Lepus europaeus) (Johnson and Franklin, 1991; Novaro et al., 2000;
Bisceglia et al., 2008). Geoffroy’s cats tend to use habitats with
dense vegetation and high prey density (Johnson and Franklin,
1991; Manfredi et al., 2006; Pereira et al., 2006).

We studied the effects of livestock management and associated
disturbances on the trophic and spatial ecology of Geoffroy’s cats by
comparing diet composition, prey selection, home-range size, daily
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movements, and habitat preference between cattle ranches and an
adjacent protected area in a semiarid scrubland of central
Argentina. To relate changes in the cat’s trophic and spatial ecology
to habitat characteristics that may be affected by livestock, we also
measured differences in vegetation structure and prey availability
between sites.

2. Materials and methods

2.1. Study area

The study was conducted from April 2007 to January 2009 in
Lihué Calel National Park (37�570S, 65�330W, 100 km2) and two
adjacent cattle ranches (each >50 km2), central Argentina. The
vegetation is characterized by amosaic of creosote bush (Larrea sp.)
flats, grasslands (dominated by Stipa spp.), and mixed shrub
patches (with Condalia microphylla, Prosopis flexuosa). Current
livestock density (9e21 cows per km2) and other management
practices (e.g., paddock rotation, vegetation management with fire)
are similar between studied ranches and other ranches in the
region (J. A. Pereira, unpublished data). Ranchers usually hunt
Geoffroy’s cats (Pereira et al., 2010). In the national park, livestock is
absent and hunting is not permitted.

Mean daily temperatures were 7 �C in winter and 25 �C in
summer, and annual rainfall averaged 503.1mm (�172.8 SD; period
1983e2001; data from the park weather station). However, a pro-
longed drought occurred during the period 2005e2008 (mean
annual rainfall 337.1 � 19.0 mm). The pampas fox (Lycalopex gym-
nocercus), pampas cat (Leopardus colocolo), jaguarundi (Puma
yagouaroundi), and puma (Puma concolor) are potential competitors
of Geoffroy’s cats in the area.

2.2. Habitat structure and prey abundance

To characterize vegetation structure we measured cover of bare
soil and cover and mean height of trees, shrubs, and grasses in
10 � 10 m plots (5 in creosote bush scrublands, 5 in xeric forests,
and 5 in grasslands) at both the ranches and the park. To maximize
the possibility that differences between sites were attributable
mostly to the actions of livestock, plots in the park and the ranches
were located in areas with similar geomorphology and physiog-
nomy. The cover of each variable was expressed as its relative cover
percentage on the plot following Braun-Blanquet (1979), and
results for each site were expressed as the average of all plots
located in each habitat type.

Based on previous studies, we considered that sigmodontines
(see Bisceglia et al., 2011 for details on species), the hystricognath
rodent Ctenomys azarae (tuco tucos), small birds (mainly passer-
ines), and European hares were the main potential prey for Geoff-
roy’s cats in our study areas.We estimated the seasonal abundances
of these prey groups over a year (2008), considering summer
(JanuaryeFebruary), autumn (AprileMay), winter (August), and
spring (NovembereDecember) periods. We operated 7 � 7-trap
grids (1 in the creosote bush scrubland, 1 in the mixed scrubland,
and 1 in the xeric forest with understory of grassland) with 10 m
between traps (H. B. Sherman Traps Inc., Tallahassee, FL) at both
sites. Traps were active for 5 consecutive nights, using rolled oats
and peanuts as bait. We individually identified captured sigmo-
dontines by natural marks, sex, or toe-clipping, and released them
at the capture site. We estimated density of sigmodontines by using
the minimum number of individuals known alive, adding a buffer
to each grid set at 8m on each side (representing half of the average
maximum distance traveled by captured individuals) and averaging
the values obtained in the 3 grids weighted by the coverage area of
each habitat type at each site.

Due to the underground activity of tuco tucos, we estimated
their relative density by counting active mounds along transects of
300 m � 10 m (12e14 per season in each site) randomly placed in
different habitat types (creosote bush scrubland, mixed scrubland,
and grassland). We estimated the abundance of small birds using
the variable circular-plot method (Reynolds et al., 1980), recording
all individuals seen or heard from the focal point of observation
during a 20 min period. We sampled 8 points (3 in the creosote
bush scrubland, 3 in the mixed scrubland, and 2 in the grassland)
separated by>500m per season at each site, and analyzed the data
using the variable radius method (Estades, 1995) and the program
DISTANCE (Laake et al., 1994). We estimated abundance of hares
using the line transect method (Buckland et al., 1993), running 4
times per season at each site 3 6-km long transects along secondary
roads. Each transect was sampled at night using a spotlight, from
a vehicle, and data were analyzed using DISTANCE (Laake et al.,
1994). For comparisons of prey densities between sites and
among seasons, we used the software CONTRAST (Hines and Sauer,
1989).

2.3. Trophic ecology of Geoffroy’s cats

We determined the seasonal diet of Geoffroy’s cats by analyzing
fresh scats collected in the park and in the ranches during the same
periods that we were estimating prey abundance. We collected
scats from latrines used regularly by Geoffroy’s cats (for details see
Bisceglia et al., 2008) and examined them following the protocol
described in Reynolds and Aebischer (1991). We reported the
contribution of different prey items to the diet as percent occur-
rence (PO¼ number of times an itemwas found as percentage of all
food items found in all feces) and compared diet composition
between sites and among seasons with log-linear analysis of
frequencies (Zar, 1996) using the program SPSS, version 15.0 (SPSS,
Inc. 2006). We removed from the analyses those categories poorly
represented in the diet (Sokal and Rohlf, 1995) and considered only
sigmodontines, cavies, tuco tucos, birds, reptiles and arthropods to
perform this analysis. We collected and analyzed 31e35 scats per
season per site, which contained 63.0 � SD 6.8 prey individuals per
season in the park and 64.5 � 9.9 per season in the ranches.

We evaluated prey selection by Geoffroy’s cats for the 3 prey
groups for which absolute abundances could be determined in the
field (sigmodontines, small birds, and hares) using Chi-square tests
and Bonferroni confidence intervals (Neu et al., 1974). Because the
absolute abundance of tuco tucos was not estimated, selection of
this prey item by Geoffroy’s cats was only visually evaluated.

2.4. Spatial ecology of Geoffroy’s cats

We captured Geoffroy’s cats in the park and ranches during
AprileJuly 2007 and May 2008, using Tomahawk live traps
(Tomahawk Live Trap Co., Tomahawk,WI) baited with live domestic
pigeons. Captured individuals were immobilized with ketamine
(dosage ¼ 5 mg/kg) and medetomidine (dosage ¼ 0.06 mg/kg). We
fitted adult individuals with radio-collars with mortality switches
(M1940, ATS, Isanti, MN), representing <1.9% of the cats’ body
weight, and released them at the capture site. Manipulation and
care of animals involved during this study followed the American
Society of Mammalogists’ guidelines (Animal Care and Use
Committee, 1998). We radio-collared 13 Geoffroy’s cats (10 M,
3 F) in the park and 9 (4 M, 5 F) in the ranches. We included data for
4 Geoffroy’s cats (3 M, 1 F) radio-tracked in the park during 2002
(Pereira et al., 2006) to improve the estimation of home-range size
and daily movements by increasing sample sizes; weather and
habitat conditions in 2002 were similar (398.4 mm of annual
rainfall) to those during the current study. Geoffroy’s cats in the
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park were monitored an average of 98 d (range ¼ 1e467 d),
whereas in the ranches they were monitored an average of 174 d
(range ¼ 3e388 d).

The locations of Geoffroy’s cats were obtained by triangulation
from the ground (White and Garrott, 1990), using a hand-held 5-
element Yagi antenna and a portable receiver (Telonics, Mesa,
AZ). We checked the accuracy of telemetry fixes by using test
transmitters (White and Garrott, 1990), obtaining a triangulation
error of <120 m in 73% of locations. We located individuals at least
8 times per month, dividing effort between day and night. We
assumed independence between consecutive locations by taking
locations separated by at least 10 h, a time period sufficient for
a Geoffroy’s cat to cross its entire home-range (see movements
below). We estimated home-range size using the minimum convex
polygon (MCP, Harris et al., 1990) method in CALHOME (Kie et al.,
1996). We choose MCP because it is more robust than other tech-
niques when the number of fixes is low (Harris et al., 1990). We
considered 100% of locations to represent the full area and 50% to
represent the core area of an animal’s home range (Harris et al.,
1990).

By plotting home-range size against the number of location
fixes (Harris et al., 1990) we estimated that the minimum number
of locations needed to adequately describe home-range size was
18 (Pereira, 2009); thus, we used for this analysis only those
animals with �18 locations. Some Geoffroy’s cats did not occupy
a well-defined territory and dispersed out of the study areas
within the first month after their capture. These animals were
hence presumed to be transient animals and thus they were not
considered for the analysis of spatial ecology. We calculated home-
range and core-area size for the remaining individuals and
compared home-range size between areas using a ManneWhitney
test. To avoid comparing home range size of cats monitored during
periods with different conditions, we split the year in two periods

(autumn ewinter and spring e summer) based on the number of
individuals monitored during each of them.

We calculated percent home-range and core-area overlap
among pairs of Geoffroy’s cats as the percentage of the total
combined areas that was shared, considering only pairs that were
monitored during the same period. We did not test for statistical
significance of home-range overlap because number of pairs of
overlapping Geoffroy’s cats was low.

We estimated daily movements by tracking each animal
continuously for 8e36 h, taking locations every 30 min. Minimum
distance traveled per unit of time was the straight-line distance
between successive locations. The estimated average error (n ¼ 24
measurements) was 55 m, with an error <60 m in 68% of locations.
Therefore, we considered as movements only those events which
involved a departure of >60 m from the previous location. We
assessed differences in movement rate between areas with Student
t tests. Our monitoring regime resulted in an average of 3 24-h
tracking sessions per individual (range ¼ 2e4), each with 16e72
locations.

We developed a geographic information system of both study
areas based on vegetation information obtained from 5 random
transects crossing each area (JanuaryeFebruary 2007) and from
a Landsat 7 TM satellite image (CONAE, Buenos Aires, Argentina;
bands 3, 4, and 5) from February 2007. We performed a supervised
classification using the maximum-likelihood decision rule
(Lillesand and Kiefer, 1994) using ERDAS IMAGINE 8.4 software
(ERDAS Inc., Atlanta, GA). Locations of Geoffroy’s cats were con-
verted to a spatial data layer using ARC VIEW 3.2/THEMATIC
MAPPER (Environmental Systems Research Institute Inc., Redlands,
CA). We linked each Geoffroy’s cat location to one habitat type
(creosote bush scrubland, mixed scrubland, grassland, low steppe,
xeric forest, and others) and investigated habitat use at 2 spatial
scales (selection of a home range within the study area and

Fig. 1. Seasonal abundance (mean � SD) of (a) sigmodontines, (b) tuco tucos (Ctenomys sp.), (c) small birds, and (d) European hares (Lepus europaeus) in Lihué Calel National Park
(black bars) and adjacent cattle ranches (grey bars), Argentina, in 2008.
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selection of habitat types within the home-range; Johnson, 1980).
In the first case, we defined the study area by obtaining the 100%
MCP of all locations for all Geoffroy’s cats monitored (White and
Garrott, 1990), independently for the park and the ranches.
Habitat selection at the 2 spatial scales was estimated following
Neu et al. (1974). Because relatively few locations were obtained on
many animals, data were pooled (White and Garrott, 1990) for all
individuals in each site to compare between sites.

3. Results

3.1. Habitat structure and prey abundance

We found more grass cover (U � 1.0, P � 0.016), higher grasses
(U� 1.0, P� 0.012), and less bare soil (U� 1.0, P� 0.016) in the park
than in the ranches in all three habitats. In the xeric forest, shrub
cover (U ¼ 2.0, P ¼ 0.028) was also higher in the park than in the
ranches (Appendix A).

Overall prey abundance was higher in the park than in the
ranches. Throughout the study, sigmodontines were on average
98% and tuco tuco 67% more abundant in the park than in the
ranches (Fig. 1). The density of small birds was higher in the park
than in the ranches (c2 > 16.0, d.f. ¼1, P < 0.001), except during the
summer, when it was higher in the ranches (c2 ¼ 232.4, d.f. ¼ 1,
P < 0.001; Fig. 1). The density of hares was higher in the ranches
than in the park during the winter (c2 ¼ 273.9, d.f. ¼ 1, P < 0.001),
whereas no significant differences were found between sites in the

remaining seasons (c2 < 0.5, d.f. ¼ 1, P � 0.461; Fig. 1). In both the
park and the ranches, maximum abundances of sigmodontines,
tuco tucos, and small birds were in summer and autumn (Fig. 1).

3.2. Trophic ecology of Geoffroy’s cats

Small rodents (including sigmodontines, tuco tucos, and cavies)
were the most frequent food items recorded in both the park and
the ranches (>41% of PO in all seasons), whereas birds, reptiles, and
arthropods constituted secondary food items (Table 1). The satu-
rated log-linear model indicated that only prey type had a signifi-
cant effect on diet composition (c2 ¼ 84.14, d.f. ¼ 5, P < 0.001),
whereas the only significant interaction between factors was
season x prey type (c2 ¼ 48.93, d.f. ¼ 15, P < 0.001), indicating
seasonal differences in prey use. Many food items were consumed
differently across seasons. For instance, sigmodontines were
consumed more frequently during the autumn, tuco tucos were
consumed more frequently during the winter, and reptiles were
more used during spring and summer (Table 1).

Geoffroy’s cats behaved as selective predators in the ranches
throughout the year (c2 > 8.5, d.f. ¼ 2, P < 0.02). In this site, sig-
modontines were consumed more than expected and small birds
and hares less than expected during all seasons, except hares in
winter when they were consumed in proportion to their avail-
ability. In the park, this felid used all prey items according to their
availability (c2 � 1.8, d.f. ¼ 2, P � 0.405), except during spring
(c2 ¼ 45.7, d.f. ¼ 2, P < 0.01) when sigmodontines were positively
selected, birds avoided, and hares used in proportion to their
availability. The pattern of selection of tuco tucos appeared to be
similar between areas except during the summer, when tuco tucos
were used more in-line with their availability in the national park
than they were in ranches (Fig. 2).

3.3. Spatial ecology of Geoffroy’s cats

Five radio-collared Geoffroy’s cats in the park and 1 in the
ranches were considered transients, whereas 2 cats (both in
ranches) died within 1 month after being caught (1 due to starva-
tion and 1 due to an unknown cause). Thus, our analysis was based
on 12 Geoffroy’s cats in the park and 6 in the ranches. Combining
body weights and measurements from both sites (differences for
both sexes between sites were non significant; P � 0.62), adult
males outweighed adult females (3.92 kg � 0.45 SD vs.
2.88 � 0.35 kg, t ¼ 5.57, d.f. ¼ 20, P < 0.001) and were larger (body
length; 920.4 mm� 39.7 SD vs. 844.8� 31.3 mm, t ¼ 4.61, d.f.¼ 20,
P < 0.001).

During the autumn e winter period, mean home-range
(U ¼ 8.00, P ¼ 0.089) and core-area (U ¼ 15.00, P ¼ 0.479) sizes

Table 1
Seasonal percentage occurrence of prey categories in feces of Geoffroy’s cat (L.
geoffroyi) in Lihué Calel National Park (NP) and adjacent cattle ranches (CR),
Argentina, in 2008.

Prey category Summer Autumn Winter Spring

NP CR NP CR NP CR NP CR

Mammalia
Rodentia
Sigmodontinae 22.9 16.7 40.0 27.0 19.9 29.5 31.5 17.5
Caviidae 2.9 3.7 15.0 12.7 5.5 14.1 4.5 4.8
Ctenomys azarae 28.6 18.5 16.7 22.2 41.8 23.1 16.4 19.0
Unidentified 5.7 5.6 0 0 0 0 0 0
Lagomorpha
Lepus europaeus 0 0 0 0 0 3.8 3.0 0
Other mammals 5.6 3.5 0 1.6 1.8 1.4 0 0
Aves 8.6 9.3 10.0 17.5 5.5 1.3 13.4 12.7
Reptilia 20.0 22.2 8.3 7.9 7.3 9.0 20.7 20.6
Unidentified

vertebrates
0 0 0 0 5.5 2.6 0 6.3

Arthropoda 5.7 20.5 10.0 11.1 12.7 15.2 10.5 19.1
Number of feces

analyzed
33 31 32 31 33 35 32 31

Fig. 2. Observed frequency of consumption (black bars) of tuco tucos (Ctenomys azarae) by Geoffroy’s cats (Leopardus geoffroyi) relative to the activity index of tuco tucos (grey bars)
recorded in (a) Lihué Calel National Park and (b) adjacent cattle ranches, Argentina, in 2008.
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Author's personal copy

of males in the park (207.5 � SD 125.5 ha) were not significantly
different from males in the ranches (300.0 � 98.3 ha; Table 2).
Home-range and core-area sizes of the two females monitored in
the park were 86% and 79% smaller, respectively, than those of the
two females monitored in the ranches, but were not statistically
evaluated due to the small sample size. During the spring e

summer period, too few individuals were monitored (2 in the park
and 4 in the ranches) to statistically evaluate differences in home-
range and core-area sizes between sites, but males had similar
ranges in the park and ranches and females in the ranches had
larger ranges than the female in the park (Table 2).

Sixteen pairs of individuals (6 males in the park and 3 males and
2 females in the ranches) had overlapping home ranges. Percent
home-range overlap among males in the park was extensive
(39 � 23%, range ¼ 4e69, n ¼ 12 pairs), including an 18 � 16%
overlap of core areas for 2 pairs. A transient male was captured
within the territory of a resident male (OG23). On the other hand,
the home-range overlap between one pair of males in the ranches
was only 3% with no overlap of core areas. Two other male dyads
maintained home ranges in close proximity but no overlap was
detected among them.

During the autumn ewinter period, the mean daily movements
(MDM) of males in the park were significantly shorter (t ¼ 6.62,
d.f.¼19, P< 0.001) than those of males in the ranches (Fig. 3). In the
same way, MDM of the single female monitored in the park were
significantly shorter (t ¼ 2.65, d.f. ¼ 7, P ¼ 0.032) than those of the
two females monitored in the ranches (Fig. 3). During the spring e

summer period, males (t ¼ 2.62, d.f. ¼ 7, P ¼ 0.034) and females
(t¼ 2.84, d.f.¼ 5, P¼ 0.036) also showed significantly shorter MDM
in the park (Fig. 3).

The most abundant habitat type in the park was creosote bush
scrubland followed bymixed scrubland and low steppe, whereas in
the ranches the predominant habitat type was low steppe followed
by creosote bush scrubland and grassland (Appendixes B and C).
Overall, differences in habitat use between sites reflected differ-
ences in the availability of different habitat types. Home ranges of
individuals monitored in the park were composed primarily of
creosote bush scrubland and mixed scrubland, whereas in the

ranches they were primarily creosote bush scrubland and low
steppe (Appendixes B and C).

Geoffroy’s cats exhibited different patterns of habitat preference
according to the site and the scale considered. In the park, cats
showed no significant preference for any particular habitat type for
establishment of home ranges or at the home-range scale
(Appendix B). In the ranches, cats did not establish their home
ranges at random, and the mixed scrubland was preferred at this
scale, whereas at the home-range scale the grassland was preferred
and the creosote bush scrubland was avoided (Appendix C).

4. Discussion

We found differences in habitat features and prey base, as well
as in the spatial and trophic ecology of Geoffroy’s cats, between the
ranches and the park. Themost obvious differences were the higher
movement rate in the ranches and a differential pattern of habitat
and prey selection between areas. These differences may be related
to the presence of livestock in the ranches, although variations in
landscape composition between sites may be involved as well.

Differences in movement rates between the ranches and the
park could be correlated to home range size, with a higher move-
ment rate of Geoffroy’s cats in ranches related to the lower abun-
dance of prey compared to the park. The active search is one of the
hunting strategies most used by small- and medium-sized felids
(Emmons, 1987; Jedrzejewski et al., 2002), as the encounter rate

Table 2
Seasonal home-range (100% MCP) and core-area (50% MCP) size estimates (ha) for
Geoffroy’s cats (L. geoffroyi) with �18 locations in Lihué Calel National Park and
adjacent cattle ranches, Argentina, 2002 and 2007e2008.

Site Season Cat/sex Fixes 100%MCP 50%MCP

National park Autumn e Winter OG01 M 24 371.1 72.6
OG02 M 18 60.8 14.2
OG03 M 25 176.5 38.3
OG04 F 46 24.2 5.2
OG20 M 42 212.7 30.1
OG21 M 20 218.8 14.2
OG22 M 37 305.2 48.6
OG23 M 41 417.7 109.4
OG24 M 29 79.9 16.9
OG25 M 19 169.3 31.2
OG42 F 19 68.9 15.3
OG46 M 18 62.8 11.6

Spring e Summer OG04 F 24 27.3 6.1
OG23 M 35 382.4 51.2

Cattle ranches Autumn e Winter OG29 F 37 158.4 10.8
OG30 M 21 225.3 5.2
OG36 M 30 436.4 57.9
OG37 F 24 491.9 91.4
OG39 M 19 231.1 41.9
OG40 M 27 307.3 8.9

Spring e Summer OG29 F 26 143.9 7.1
OG36 M 24 371.7 24.0
OG37 F 22 376.2 116.8
OG39 M 19 254.3 51.0

Fig. 3. Mean daily movements (MDM) traveled by Geoffroy’s cats (L. geoffroyi) during
(a) Autumn e Winter and (b) Spring e Summer in Lihué Calel National Park and
adjacent cattle ranches, Argentina, in 2002 and 2007e2008. Boxes represent the
25e75th percentile range and contain the mean line, whereas capped bars indicate the
highest and lowest values. Numbers indicate the number of tracking sesions used to
calculate MDM.

J.A. Pereira et al. / Journal of Arid Environments 76 (2012) 36e4240
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with relatively abundant prey (such as small rodents) can be
increased when the movement rate of the predator increases.
Because foraging effort is closely related to prey availability, greater
efforts are needed as prey availability decreases (Liberg, 1984;
Jedrzejewski et al., 2002). Geoffroy’s cats typically use active
search for obtaining small rodents, as was recorded in 47 visual
records of individuals during foraging (J. A. Pereira, unpublished
data). The increased movement rate of both male and female
Geoffroy’s cats on ranches was perhaps an attempt to increase the
encounter rate with prey, which appeared to be less abundant due
to the presence of livestock.

Heavy foraging and constant trampling by livestock severely
reduced much of the horizontal and vertical structure of the
vegetation in ranches, and these changes may have triggered the
decrease in the abundance of small rodents and other herbivores. In
the face of this scenario, the preference for grasslands by Geoffroy’s
cats in ranches could be caused by at least three circumstances.
First, the most abundant sigmodontines in ranches are habitat
generalists (e.g., Graomys griseoflavus) or specialists of open areas
(e.g., Eligmodontia typus) (Bisceglia et al., 2011). Also, tuco tucos
preferred open grasslands and scrublands, even where they are
grazed by cattle (data not showed). Thus, even degraded grasslands
could be favorable for Geoffroy’s cats in terms of prey abundance.
Second, loss of vegetation cover and increased bare soil recorded in
open habitats could increase the vulnerability of rodents, facili-
tating their capture. Accordingly, lions (Panthera leo; Hopcraft et al.,
2005), Canada lynxes (Lynx canadensis; Fuller et al., 2007) and
leopard cats (Prionailurus bengalensis, Rajaratnam et al., 2007)
prefer to hunt in habitats where prey are easier to capture as
opposed to habitats where prey is more abundant. Third, the use of
less structurally-complex habitats such as grasslands may be
favored in ranches because of the lower abundance of pumas in
those areas (J. A. Pereira, unpublished data), a Geoffroy’s cat pred-
ator in the region (Pereira et al., 2010). These three factors would
allow Geoffroy’s cats to acquire the necessary resources through
a change in habitat use, exploitingmore open siteswhere structural
configuration and level of potential risk are altered due to livestock
management. This might be a strong indication of the Geoffroy’s cat
higher habitat plasticity than previously though.

Seasonal differences in consumption of sigmodontines and tuco
tucos may reflect differences in the relative abundance of these
preys and also a behavioral response (prey switching) by the
predator. In autumn, when sigmodontines were still relatively
abundant in the park, this prey group dominated the Geoffroy’s cat
diet even though in that season the tuco tucos reached their highest
annual relative abundance. By the winter, when the abundance of
sigmodontines fell, cats increased the use of tuco tucos although
tuco tuco activity also decreased (but not necessarily its abun-
dance). In the ranches, however, the availabilities of sigmodontines
and tuco tucos throughout the year may have been too low for the
Geoffroy’s cat to switch between these preys.

Further, the pattern of prey selection by Geoffroy’s cats indicates
that this carnivore did not behave as an opportunistic predator with
respect to sigmodontines. In the ranches, cats positively selected
them throughout the year at the expense of other potential prey
such as hares or birds. In the park, Geoffroy’s cats consumed sig-
modontines in proportion to their availability when the abundance
of this prey group was relatively high, but they become selective
predators of sigmodontines when their abundance declined in
early spring. This evidence suggests that the Geoffroy’s cat is a small
rodent specialist, as other authors have found (Manfredi et al.,
2004; Sousa and Bager, 2008).

Probably due to the locally low abundance of prey, the Geoff-
roy’s cat population studied showed high rates of emigration and
mortality (Pereira, 2009). Consequently, from our initial sample of

26 radio-collared cats, 16 individuals (62% of the sample) dis-
appeared from the area within the first four months of monitoring,
whereas only four cats provided information on long-term (>1
year) home range. Consequently, changes in home-range size were
difficult to assess due to the small sample sizes, the short period
during which most individuals could be monitored, and the large
variance of the estimates. However, Geoffroy’s cats may have
decreased their level of spatial overlap in ranches in response to
prey scarcity, as occurred with San Joaquin kit foxes (Vulpes mac-
rotis mutica; White and Ralls, 1993). To properly asses overlap
among home ranges there must be a high level of confidence that
all animals within an area are radio-collared (Sandell,1989), andwe
had fewer radio-collared males in ranches than in the park.
Nevertheless, small sample sizes are typical when population
density is low. Although non-collared individuals were present in
the ranches during the study (two non-collared animals were
recorded opportunistically), we are confident that most of the
individuals present in the site were radio-tagged. Mean home-
range overlap was extensive in the park, and some individuals
even had overlapping core areas. In the ranches, only a few indi-
viduals showed home-range overlap, though minimal, and two
other pairs remained in close proximity to each other but failed to
overlap. These differences could reflect an adjustment to address
the decline in food resources, with males increasing their level of
territorial exclusion of other males in response to resource scarcity.

The park and ranches exhibited major differences in vegetation
structure and prey abundance. Although some of these differences
could perhaps be attributed to differences in geomorphology or
geology, other studies documenting differences between sites with
andwithout livestock have obtained similar results (Pia et al., 2003;
Blaum et al., 2007). To deal with these differences, Geoffroy’s cat
exhibit behavioral plasticity, as the two subpopulations in close
proximity had such contrasting trophic and spatial ecology. This
plasticitymay help Geoffroy’s cats survive in the face of the growing
livestock industry, indicating that the conservation of this predator
could be compatiblewith this activity. Other small felids such as the
leopard cat also survive in seemingly less suitable habitat by
modifying their spatial ecology (Nakanishi et al., 2005). Thus,
conservation of Geoffroy’s cats in ranches would mostly require
reducing poaching and predation by dogs, themost common causes
of mortality of this felid in the area (Pereira et al., 2010), instead of
other alternatives such as habitat management (i.e., restoration).
Lessons about behavior and ecological plasticity of small felids are
relevant due to the increasing number of landscapes worldwide
where these predators must coexist with human activities.
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