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a b s t r a c t

The prey base for Patagonian carnivores has been altered greatly over the past 150 years due to widespread
overgrazing by livestock, invasions by exotic wildlife, and hunting. On ranches in northern Patagonia car-
nivores consume mostly exotic species, and native herbivores are ecologically extinct in their role as prey.
In this study we compare diets of the culpeo (Lycalopex culpaeus), chilla (L. griseus), puma (Puma concolor),
Geoffroy’s cat (Leopardus geoffroyi), colocolo (L. colocolo), and hog-nosed skunks (Conepatus chinga and
C. humboldtii) in a reserve with a mostly native prey base to their diets on the ranches, and evaluate
how differences in prey bases affect trophic interactions among carnivores. Carnivores in the reserve
rgentina consumed mostly native prey. Dietary overlap among carnivores was not significant on the reserve, but
was highly significant on the ranches. This homogenization of diets where densities of native species are
reduced could lead to stronger negative interactions among carnivores, altering the composition of the
carnivore assemblage to the detriment of the more specialized species. Study of carnivore diets may be a
relatively quick way to evaluate the conservation status and ecological functionality of prey assemblages
in Patagonia and other areas where these have been altered.
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Human activities such as livestock husbandry, agriculture, hunt-
ng, introduction of exotic species, and predator control can alter
he composition of carnivore and prey assemblages, and mod-
fy intraguild and predator–prey interactions (Michalski and Peres
005; Shapira et al. 2008; Blaum et al. 2009). Over the last 150 years,
opulations of native herbivores of the Patagonian steppe of South
merica were reduced through hunting and active persecution to
ake way for sheep and other livestock. The top predator, the puma

Puma concolor), was extirpated from most of the region, but has
ebounded in the last 30 years, and smaller carnivores were heavily
unted (Walker and Novaro 2010). These drastic changes in prey
ase resulted in a switch by carnivores and raptors from consump-
ion of native prey to exotic species and livestock in many parts
f Patagonia (Jimenez and Jaksic 1991; Johnson and Franklin 1991,

994; Pavez et al. 1992; Hiraldo et al. 1995; Donazar et al. 1997;
ovaro et al. 2000a, 2004; Monserrat et al. 2005; Lambertucci et al.
009).
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Nowadays, the introduced European hare is probably a more
profitable prey item than most native prey, due to its numbers, size,
and vulnerability (Novaro et al. 2004), and in areas of high density of
livestock, carrion from livestock provides an ample and profitable
source of food. Carnivores most capable of exploiting these plentiful
introduced resources may increase their fitness and become more
abundant than those less capable of doing so, changing the com-
position, relative abundances, and trophic interactions within the
carnivore assemblage compared to areas with a less altered native
prey base (Roemer et al. 2002; Berger 2008).

Most of the Patagonian steppe and scrub is in private hands,
principally large ranches. On large ranches in northern Patagonia,
livestock and introduced wildlife comprise 94% of the herbivore
and omnivore biomass (Novaro et al. 2000a). Predator–prey inter-
actions on those ranches were documented in a previous study
(Novaro et al. 2000a), and large native herbivores were found to
be “ecologically” extinct (Estes 1996), no longer fulfilling their eco-
logical role as prey. Given the patterns of land use and tenure
throughout Patagonia, this ecological extinction of native prey and
altered predator–prey interactions is likely widespread.

In this study we describe diets of the carnivore assemblage in

the Auca Mahuida Reserve in Patagonia where densities of livestock
and exotic wildlife are low and density of guanacos, the previously
dominant native herbivores of the Patagonian steppe, remains rel-
atively high. We compare trophic interactions among carnivores in

hed by Elsevier GmbH. All rights reserved.
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he reserve with those results published by Novaro et al. (2000a) on
atagonian ranches with high densities of exotic prey and low den-
ities of large native prey. Conditions on the reserve likely represent
ore closely those prior to the arrival of Europeans than do the

urrently prevailing conditions throughout most of Patagonia, and
ay provide a benchmark for efforts to restore or conserve native

arnivore assemblages and predator–prey interactions in protected
reas and other places where the conservation of native ecosystems
s a concern.

aterial and methods

tudy area

The Auca Mahuida Provincial Reserve encompasses 80,100 ha
nd lies in Neuquén Province, Argentina, between 37◦30′–38◦S and
8◦30′–69◦15′W. Although it is a reserve, it is used for grazing by

ivestock at low density, mainly sheep and goats. The landscape is a
asaltic plate with numerous volcanic cones, with the reserve cen-
ered on the highest peak of 2253 m.a.s.l. The location of the reserve
nd its altitudinal gradient present a combination of biogeograph-
cal provinces, with dry scrub at the lowest elevations, Patagonian
teppe over 1500 m.a.s.l., and high Andean elements at the peak of
he volcano.

The carnivore assemblage in northern Patagonia includes two
anid species—the culpeo (Lycalopex culpaeus) and chilla (L. griseus)
González del Solar and Rau 2004), five felid species—the puma
Puma concolor), Geoffroy’s cat (Leopardus geoffroyi), colocolo (L.
olocolo), the jaguarundi (Puma yagouaroundi), and the Andean cat
Leopardus jacobita), only recently discovered in the region, and
our mustelids, including two hog-nosed skunks (Conepatus chinga
nd C. humboldtii), the grison (Galictis cuja) and the Patagonian
easel (Lyncodon patagonicus). The largest of these species by far

s the puma (35–105 kg, Redford and Eisenberg 1992; Sunquist and
unquist 2002), followed by the culpeo (6–12 kg, Fuentes and Jaksic
979; Jiménez et al. 1997; Jiménez and Novaro 2004). The other cats
nd canids are intermediate (2–8 kg) in size, and the mustelids are
he smallest of the carnivores (<1–3 kg).

The reserve is approximately 250 km northeast of the Patag-
nian ranches where large native wildlife was found to be
cologically extinct as prey (Novaro et al. 2000a). Habitats are sim-
lar, but with a greater proportion of steppe on the ranches and
f scrub at the reserve. The carnivore assemblage is composed of
he same species, and historically prey species were distributed
hroughout the whole area.

iet

At the reserve carnivore scat samples were collected every 2
r 3 months between November 2002 and January 2004, through
ystematic searches of rocky outcrops, roads, and oil exploration
rails, and along 23 transects, 500 m long and 4 m wide, placed
andomly perpendicular to roads throughout the area. Scats were
dentified according to carnivore species by their size, morphol-
gy, associated tracks, and genetic analysis when possible. In this
rea culpeo foxes weigh 7.4–12.3 kg (n = 26) (Jiménez and Novaro
004), and chilla foxes weigh 3.3–4 kg (n = 44) (González del Solar
nd Rau 2004). Scats of the two species are easily distinguished
y diameter (Zapata et al. 2005, 2007). We considered canid scats
118 mm in diameter to be from chillas and >120 mm in diameter to
e from culpeos (mean scat diameter and standard deviation were

9.3 mm ± 18.8 mm (n = 56) for chillas and 138.6 mm ± 18.6 mm
n = 118) for culpeos). Ten canid scats were discarded because we
ould not distinguish between the two species based on their inter-
ediate size. As body sizes of small felids are similar among species
ology 77 (2012) 183–189

and there are insufficient published data on sizes of scats produced
by the different species, we distinguished small felid scats through
DNA analysis. DNA was isolated from each scat with a QIAGEN Stool
Kit (QIAGEN, CA, USA), amplifying the 16S rRNA mitochondrial gene
(Johnson and O’Brien 1997), and comparing the resulting sequences
to those of reference samples. This analysis was done at the Wildlife
Genetics International (WGI) Laboratory, Nelson, BC, Canada. For
all analyzed species, samples that were not clearly identified were
discarded.

Diet at the ranches was obtained from previously published
work (Novaro et al. 2000a), based on analysis of contents of stom-
achs of animals collected from hunters (320 culpeo, 42 chilla, 3
Geoffroy’s cat, and 25 hog-nosed skunk), and scats (70 puma, 33
Geoffroy’s cats, 1 colocolo) during 1989–1994. Because of low num-
bers of samples for colocolos at both sites and pumas on the reserve,
we did not make comparisons between sites for those two species.
Small and large prey have differential digestibility and the num-
ber of field-collectable scats can be inversely related to prey size
(Ackerman et al. 1984; Weaver 1993). This problem is avoided in
this report by using only percent occurrence and not biomass of
different prey in the diet.

Scats were dried and washed, and their contents examined to
determine food items. All prey items were identified to species
when possible. Mammalian prey items were identified using teeth
and hair patterns. Casts of hairs were made on stencil corrector
fluid (Korschgen 1980), and their medulla and scale patterns were
compared to those of mammals occurring in the study area using
keys (Chehebar and Martin 1989; Pearson 1995; Fernández and
Rossi 1998) or collection material at the Centro de Ecología Apli-
cada de Neuquén (CEAN; Center for Applied Ecology). Livestock
were grouped as small (sheep, Ovis aries and goats, Capra hircus)
or large (cattle, Bos taurus and horses, Equus caballus). Remains of
large livestock found in the scats of carnivores other than pumas
were considered scavenged and remains of small livestock and gua-
nacos (Lama guanicoe) were considered scavenged by all but the
puma and the culpeo. As our main interest was in evaluating the
differences in diets related to differences in availability of native
and exotic mammals, we grouped all arthropods, birds, and reptiles
into independent single categories.

We present carnivore diets as percent occurrence of food items
(number of times an item occurred as percentage of the total
number of prey items in all scats), and the minimum number con-
sumed of each prey item. To evaluate the adequacy of sample sizes
obtained, we built accumulation curves of prey items, using the
asymptote of the curve to identify the number of samples sufficient
to describe the diet.

Prey density and biomass

Methods and sources for information on prey density and
biomass on the ranches are presented in Novaro et al. (2000a). Data
on density of potential prey species on the reserve were obtained
from independent studies, identified in Table 1, except for the Euro-
pean hare.

Hare density was estimated using the pellet-count method and
a calibration between pellet counts and line-transect data obtained
in southern Neuquén (Lancia et al. 1994; Novaro et al. 1992, 2000a).
We attempted to estimate hare densities using night counts along
line transects (Buckland et al. 2001) in the reserve but densities
were too low to record sufficient sightings. We estimated the yearly
average of hare pellets recorded in January, April, August, and

November 2003 along 46 transects of 500 × 4 m that were perpen-
dicular to secondary roads and distributed randomly throughout
the study area. Biomass of potential prey on the reserve was calcu-
lated as in Novaro et al. (2000a).



R. Palacios et al. / Mammalian Biology 77 (2012) 183–189 185

Table 1
Mean population densities (ind/km2), body mass (kg) and overall percent biomass of dominant prey species and their carrion at two sites IN northern patagonia. AM is data
obtained from the Auca Mahuida Provincial Reserve and Ranch is data extracted from Novaro et al. (2000a) for Patagonian ranches.

Prey Body massa Density AM Biomass AM Density ranchb Biomass ranch Source

Introduced
Large livestock 475–190–80 1.59 ± 2 22.3 4.78 ± 4.16 53.1 Rivas L. unpublished data
Small livestock 42–25–7 1.85 ± 3 2.5 26.31 ± 2.3 27.6 Rivas L. unpublished data
European hare 3.4–1.2 2.42 ± 3.17 0.3 47.48 ± 5 5.3 This study
Red deer (Cervus elaphus) 115–75–30 0 0 1.58 ± 0.3 4.7
Subtotal 25.1 90.7

Native
Guanaco 120–80–30 9.53 ± 1.62 37.2 0.67 ± 0.13 2.1 Radovani (2004)
Lesser rhea 15–6–1 0.34 ± 0.19 0.1 0.62 ± 0.28 0.2 Rivas (2004)
Mara 8 1.15 ± 1.01 0.4 0 0 Rivas (2004); body mass: Campos et al. (2001)
Subtotal 37.7 2.3

Carrionb

Large ungulatesc 0.55 ± 0.21 3.5
Large livestock 1 ± 2 14.0 Heidel (2008)
Small livestock 4.38 ± 5.93 5.8 2.30 ± 0.54 2.4 Heidel (2008)
European hare 0 9.73 ± 2.36 1.1
Guanaco 4.87 ± 4.53 17.4 Heidel (2008)
Total percent biomass 100.0 100.0
TOTAL Kg/Km2 2413.0 3048.2

a Masses were obtained for adult, yearling and juvenile ungulates and rheas. For the reserve hare and mara body masses were considered to be that of an adult; at the
ranches adult and young hares were considered and maras were not consumed.
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b Data on carrion densities for ungulates and hares at the ranches was corrected
c Includes cattle, horse, red deer and guanaco.

ata analysis

To evaluate and compare trophic interactions among carnivores,
e analyzed the data from the reserve and the previously published
ata (Novaro et al. 2000a) on diets of carnivores from the Patago-
ian ranches. We used correspondence analyses to assess dietary
eparation (Ray and Sunquist 2001), and calculated niche overlap,
iche breadth, and mean weight of vertebrate prey at each site. For
he correspondence analyses we included only those food items
hat represented more than 5% of items for at least one of the car-
ivores. We calculated niche overlap using Pianka’s index (1973)
hat ranges from 0 (no overlap) to 1 (complete overlap). To deter-

ine the probability that observed overlaps were greater or less
han those that would be expected randomly, we did 1000 Monte
arlo randomizations to simulate possible overlaps among species
ith the program EcoSim 7.72 (Gotelli and Entsminger, 2001). If the

bserved overlap was significantly greater than the simulated mean
verlap, it indicated that the food niche overlap among species was
reater than the overlap expected by chance.

We determined niche breadth using Levin’s formula (Levins
968), standardized by Colwell and Futuyma (1971). The niche
readth index varies between 0 (restricted diet) and 1 (broad diet).
ecause of the wide range of body sizes of the carnivores in our
ample, the maximum number of food items available (Bmax) varies
ccording to species, so we determined Bmax for each species by
ounting the total number of food items the species would be capa-
le of consuming out of all items that were consumed by at least
ne species.

We calculated mean weight of vertebrate prey (MWVP) follow-
ng Jaksic and Braker (1983). We obtained mean weight values
or each mammal prey species from the literature (Redford and
isenberg 1992; Parera 2002; Bonino 2005). All prey items were
onsidered to be adults, and for cricetine rodents we selected the
ost commonly consumed species (Phyllotis darwinii) and the two

ize extremes (Eligmodontia typus and Reithrodon auritus). For live-

tock the weights followed Novaro et al. (2004), assuming that the
hilla could only prey on offspring of small livestock (5 kg). In the
ase of categories of grouped species (cricetine rodents, cavies,
uco-tucos, small marsupials and small livestock), we used the
ovaro et al. (2000a), as densities were reversed.

mean of all species as the mean for the category. For passerine birds
and lizards we used a typical body mass.

Results

Prey base in the reserve and on the ranches

Percent biomass of introduced species for which we obtained
data was nearly 4 times greater on the ranches than on the reserve,
whereas biomass of native species was more than 16 times greater
on the reserve than on the ranches (Table 1). In the reserve livestock
were the dominant introduced species and guanaco the dominant
native species. European hares were extremely rare on the reserve
compared to on the ranches, with biomass per square kilometer
less than that of the native mara.

Exotic red deer and wild boar were present on the ranches and
not on the reserve, but those large species are available only to
pumas except as carrion. Percent biomass of carrion was approxi-
mately 4 times greater on the reserve than on the ranches. This was
in part due to the practice of collection and burying of livestock car-
casses on the ranches, which herders do not carry out in the area
of the reserve, and to higher livestock mortality on the reserve (A.
Novaro, pers. obs.).

Diet and trophic interactions on the Auca Mahuida Reserve

We analyzed a total of 448 scat samples from the reserve, from
six species (chilla n = 84, culpeo n = 140, hog-nosed skunk n = 71,
Geoffroy’s cat n = 92, colocolo n = 16, and puma n = 6; Table 2).
Guanacos, maras (Dolichotis patagonum), and mountain vizcachas
(Lagidium viscacia), the three largest-bodied native herbivorous
mammals, were consumed on the reserve, but not on the ranches.
Only six puma scats were analyzed, so we did no further analysis of
puma diet. For all species except colocolo and puma, sample sizes
were adequate for identifying principal prey items (Trites and Joy

2005). We did not calculate niche breadth or MWVP for colocolo
due to the small sample size.

The five small and medium carnivores overwhelmingly con-
sumed native food items, with introduced mammals representing
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Table 2
Percentage of occurrence and minimum number of individuals (between brackets) of prey classes in a mesocarnivores assemblage for two sites in northern Patagonia. AM
is data obtained from the Auca Mahuida Provincial Reserve and Ranch is data previously published by Novaro et al. (2000a) from Patagonian ranches.

Prey class Chilla Culpeo Hognosed skunk Geoffroyı̌s cat Puma Colocolo

Ranch AM Ranch AM Ranch AM Ranch AM Ranch AM Ranch AM

Introduced mammals (subtotal) 5.4 2.9 0.6 9.2 16.5 8.7
European hare 14.7 4.8 (10) 27.4 12.3 (37) 0.6 (1) 22.8 7.9 (14) 61.2 100 8.7 (2)
Small livestock 14.2 0.3 (1) 16.5 (1)
Large livestock 0.4
Carrion of livestock 26.2 0.6 (1) 9.4 0.3 (1) 4.8 3.8 1.3 (2)
Native mammals (subtotal) 25.4 52.2 2.5 73.6 83.5 78.3
Cricetine rodents 26.2 5.7 (12) 31.1 18.9 (57) 0.6 0.6 (1) 58.2 23.6 (42) 26.0
Tuco-tucos 13.8 (29) 14.2 (43) 17.3 (31) 65.3 (15)
Caviidae 2.9 (6) 6.3 (19) 23.6 (42) 8.7 (2)
Mara 2.0 (6) 0.6 (1)
Mountain vizcacha 0.6 (1) 2.6 (8) 5.6 (10)
Xenarthra 3.3 1.4 1.3 (4) 2.2 (4) 1.3
Marsupialia 0.6 (1) 1.0 (3)
Guanaco 3.0 (9) 83.5 (5)
Carrion of guanaco 1.2 (2) 0.6 (2) 1.3 (2)
Unidentified Carnivore 0.3 (1)
Unidentified mammal 8.2 0.6 (1) 3.4 2.0 (6) 0.6 1.9 (3) 0.6 (1) 4.3 (1)
Othera 6.8 4.8 8.9 3.7
Unidentified Carrion 0.6 (1) 1.3 (4)
Birds 1.6 2.4 (5) 4.6 5.3 (16) 6.3 7.3 (13) 3.7
Reptiles 4.9 5.2 (10) 1.8 5.3 (15) 1.8 5.6 (8) 3.4 (6) 1.9
Unidentified vertebrate 0.6 (2) 3.1 (5)
Arthropods 8.2 53.8 16.9 92.1 80.1 5.1 4.3
Plant component 1.6 7.1 5.4 8.1 0.6 8.7

Total food items 61 394 562 422 165 288 79 178 99 6 23
Total fecal samples 84 140 71 33 92 70 6 1 16
Total stomachs 42 320 25 3
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a Includes Mustelidae, Cavidae, Ctenomys sp, Zaedyus pichyi, Thyllamys pusilla (No

ess than 10% of the diet of each. Nevertheless, European hares were
onsumed at low frequencies by all species and carrion of livestock
as occasionally consumed by culpeos, chillas, and Geoffroy’s cats

Table 2). Small livestock was recorded only in one culpeo and one
uma scat. The other five (83%) puma scats contained only guanaco.

Dietary separation among the carnivores of the reserve was evi-
ent in the correspondence analysis, as shown by the first two
xes of variation that comprised 94% of total variation, 79% in the
rst axis and 14% in the second (Fig. 1). We identified two main

ietary groups, with the culpeo and the two cats, on the left side
f the graph, consuming mostly small and medium-sized rodents,
nd the chilla and hog-nosed skunk on the right side, consuming

ig. 1. Axes 1 and 2 in the correspondence analysis comparing frequencies of prey
tems (black circles) in scats for different carnivores (white circles) in the Auca

ahuida Reserve.
t al. 2000a).

mostly arthropods and lizards. Among the smaller carnivores, the
hog-nosed skunk was more strictly insectivorous than the chilla.
The location of the two canid species close to the center of the graph
suggests that they were the most generalist of the species analyzed,
and the Geoffroy’s cat’s position close to the culpeo indicates simi-
lar diets regarding prey items, but the felid has a clear tendency to a
more specialized diet on rodents. The culpeo consumed cricetines,
arthropods, tuco-tucos (Ctenomys sp.), and hares most frequently
(Table 2). Geoffroy’s cats consumed few arthropods, and major prey
items were cricetines, cavies (Caviidae), and tuco-tucos. The colo-
colo was the most differentiated of the “carnivorous” species, due
to its heavy consumption of tuco-tucos.

As indicated in the correspondence analysis, the species with
the highest dietary overlap were the culpeo – Geoffroy’s cat and
hog-nosed skunk – chilla pairs (Fig. 1). The mean food niche over-
lap among all species (0.49; var. = 0.08) was marginally greater
(p = 0.054) than the mean simulated overlap (0.37, var. = 0.07).
Excluding the highly insectivorous hog-nosed skunk from the anal-
ysis resulted in a non-significant difference (p = 0.10) between the
mean observed overlap among culpeos, chillas, Geoffroy’s cats,
and colocolos (0.54, var. = 0.04) and the mean simulated overlap
(0.45, var. = 0.06), indicating that the food niche overlap among
these four species was no greater than the overlap expected by
chance given the prey base. Also as suggested in the correspondence
analysis, the culpeo has the broadest niche breadth, followed by the
chilla and the Geoffroy’s cat (Table 3). MWVP was not calculated for
the puma, given the small sample size, but as the only prey items in
the sample were livestock and guanacos, the puma consumed the
largest prey available. Among the other species, the Geoffroy’s cat
consumed the largest vertebrate prey (Tables 2 and 3).
In the reserve, we detected a distinctive pattern of defecation for
the two small cats based on the genetic analyses of scats. The colo-
colo defecated in small hollows under shrubs, apparently dug out
for that purpose, which we found along transects away from rock
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Table 3
Food niche overlapa, niche breadthb and mean weight of vertebrate prey for five carnivores of the (a) Auca Mahuida Reserve and (b) northern Patagonian ranches.

Culpeo Chilla Hog-nosed skunk Geoffroy’s cat Niche breadth Bmax
c MWVP (g)

(a)
Culpeo 0.45 13 243
Chilla 0.72 0.06 12 166
Hog-nosed skunk 0.54 0.96 0.03 8 12
Geoffroy’s cat 0.82 0.35 0.14 0.46 12 255
Colocolo 0.52 0.32 0.06 0.53

(b)
Culpeo 0.31 12 674
Chilla 0.89 0.19 10 215
Hog-nosed skunk 0.01 0.27 0.05 5 16
Geoffroy’s cat 0.89 0.94 0.01 0.16 10 181
Puma 0.82 0.73 0.00 0.68 0.08 15 970
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a calculated as Pianka (1973).
b calculated as Levins (1968) and standardized by Colwell and Futuyma (1971).
c Bmax is the maximum number of food items available (niche breath), calculated

utcrops. Geoffroy’s cats defecated in latrines in small caves and
revices on rocky outcrops. There was an almost complete altitudi-
al separation between the two species, with colocolo scats found
elow and Geoffroy’s cat scats above 1000 m.a.s.l.

omparison of diet and trophic interactions between the reserve
nd the Patagonian ranches

On the Patagonian ranches, sufficient puma samples (n = 70)
ere obtained to include that species in the analysis, but only

ne colocolo sample was obtained, containing only European
are. Introduced mammals were heavily consumed at the ranches,
etween 3 and 6 times more frequently than at the reserve (Table 1).

Dietary separation among the carnivores of Patagonian ranches
as less pronounced than at the reserve, with only hog-nosed

kunks on the right side of the graph in the correspondence analy-
is, due to its heavy consumption of arthropods (Fig. 2). The first two
xes of variation in the correspondence analysis composed 92% of
he total variation, 84% in the first axis and 8% in the second. In this
nalysis based on frequency of occurrence of food items, the hog-
osed skunk had virtually no food niche overlap with the culpeo,
eoffroy’s cat, and puma, but overlap was high among these three

pecies and the chilla (Table 3).

The observed mean dietary overlap among all species on the
anches (0.52, var. = 0.14) was significantly greater (p = 0.03) than
he mean simulated overlap (0.32, var. = 0.01). Removing the highly

ig. 2. Axes 1 and 2 in the correspondence analysis comparing frequencies of prey
tems (black circles) “in STOMACHS AND scats” for different carnivores (white cir-
les) on the northern Patagonian ranches.
ins (1968).

insectivorous hog-nosed skunk from the analysis resulted in an
observed food niche overlap for the canids and felids of 0.75
(var. = 0.01), which was much greater (p = 0.002) than the mean
simulated overlap (0.38; var. = 0.01), indicating that the overlap
among these species was greater than would be expected by
chance.

Dietary niche breadth on the ranches was less than at the reserve
for culpeos and Geoffroy’s cats, but was greater for chillas and the
same for hog-nosed skunks (Table 3). The number of food items
available to each species (Bmax) was slightly lower on the ranches
than at the reserve. MWVP was greater on the ranches than at the
reserve for culpeos and chillas, but less for Geoffroy’s cats and the
same for hog-nosed skunks.

Discussion

Guanacos and maras were not ecologically extinct in their role
as prey for carnivores on the Auca Mahuida reserve, in contrast
to the Patagonian ranches. Of the six puma scats from the reserve
five contained guanaco, compared to none of the 70 scats from the
ranches. Guanacos were also found in 6% of culpeo scats, and live-
stock remains were found in only one puma and one culpeo scat,
whereas livestock and exotic wildlife, mostly hares, were the main
prey items at the Patagonian ranches, as in other areas of Patag-
onia (Crespo and De Carlo 1963; Bellati and Von Thungen 1990;
Johnson and Franklin 1991, 1994; Novaro et al. 2000a, 2004). This
is probably due to the large difference in proportions of native and
introduced prey available in the reserve compared to other parts
of Patagonia, such as these nearby ranches, where carnivore diets
have been studied. However, densities and percent biomass rep-
resented by the lesser rhea (Rhea pennata), a flightless bird that is
the second largest-bodied native herbivore of the region, were sim-
ilar to those on the ranches and this species was not represented
in the diet at the reserve. Thus, this native species appears to be
ecologically extinct on the reserve as well as on the ranches.

Although European hares were not consumed at as great a fre-
quency on the reserve as in other parts of Patagonia, they were
consumed at low frequency by all of the carnivore species, high-
lighting the ubiquitousness of this exotic species throughout the
region. Density of hares is extremely low in the reserve, almost 20
times less than on the ranches, probably related to habitat qual-
ity, but carnivores may be selectively preying on hares in spite
of this low abundance, as has been found to occur in other areas
(Novaro et al. 2004). Hares were consumed at greater frequen-

cies by culpeos, chillas, and Geoffroy’s cats than the two native
prey species with most similar body size, the somewhat smaller
mountain vizcacha and the larger mara, which may be less vul-
nerable than hares due to their anti-predator strategies. These two
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ative species were not consumed at all on the Patagonian ranches,
lthough they are still present in the area.

No data are available on carnivore diets prior to the changes
n the prey base brought about by the introduction of livestock
nd exotic wildlife, but our results suggest that partitioning of food
esources among the carnivores is dramatically reduced in areas
here the prey base is mostly exotic species. Although the five

mall and medium carnivores at the reserve used many of the same
rey species, they were used in different proportions, and dietary
verlap was no greater than expected randomly. On the other hand,
xcept for the hog-nosed skunk, the carnivores of the Patagonian
anches exhibited much less dietary segregation. Diets of culpeos,
hillas, Geoffroy’s cats, and pumas overlapped significantly. This
omogenization of carnivore diets due to the availability and con-
umption of the European hare and livestock carrion could increase
nterference competition among carnivores, particularly during
eriods of lower abundance of European hares, which fluctuates
rom year to year (Donadío and Buskirk 2006; Novaro et al. 2000a).
agomorphs in boreal, desert and high-altitude ecosystems in other
arts of the world play key ecological roles within trophic systems,
ith fluctuations in their abundances having major impacts on car-
ivore abundance and predation on alternative prey (Stoddart et al.
001; Berger 2008). Even though lagomorphs are exotic in Patago-
ia, they may play a similar role in the region’s altered ecosystems.

Carnivore species responded differently to the difference in prey
ase. In the reserve, the culpeo diet was more generalized and
verage weight of prey was lower than on the Patagonian ranches.
he higher densities of large-bodied exotic prey on the ranches
ay allow the culpeo to specialize on these more profitable food

tems. Large lagomorphs are principal food items of the similarly
ized canid, the coyote (Canis latrans) in North America (Stoddart
t al. 2001). The chilla, on the other hand, was more specialized
n arthropods and lizards in the reserve, compared to chillas on
he Patagonian ranches and other areas of Patagonia, where small

ammals, hares, and carrion of sheep were the principal food items
Johnson and Franklin 1994; Novaro et al. 2004). At the reserve, the
hilla diet was very similar to that of the hog-nosed skunk, while on
he ranches it was more similar to that of the culpeo and Geoffroy’s
at.

The hog-nosed skunk in the reserve and on the ranches was
ostly insectivorous, as in other studies in Patagonia (Travaini et al.

998; Zapata et al. 2001; Donadío et al. 2004), and therefore niche
readth and size of vertebrate prey did not vary much between the
wo areas. Nevertheless, dietary overlap with other species was

uch greater in the reserve because the other carnivores ate more
rthropods there than on the ranches. For both the chilla and the
og-nosed skunk, the importance of carrion in the diet may be
nderestimated in our study as our analysis is based on contents of
cats rather than stomachs.

The Geoffroy’s cat at the reserve consumed primarily native
odents. Cricetines and cavies were consumed with equal fre-
uency, but cavies are up to ten times larger than most cricetines,
o cavies are undoubtedly more important in the diet of the Geof-
roy’s cat in terms of biomass. The Geoffroy’s cat consumed cavies
t a similar rate as in the reserve at a nearby site in scrub habitat
nly in fall, with much lower consumption in the other seasons
Bisceglia et al. 2007). Hares and mountain vizcachas, although
onsumed at lower frequencies than the smaller species, also prob-
bly represented major components of the Geoffroy’s cat diet at
he reserve in terms of biomass. Dietary overlap between Geof-
roy’s cats and culpeos changed little between the reserve and
he Patagonian ranches, but increased greatly with the chilla. The

arrowed niche breadth and decreased average size of prey at
he Patagonian ranches was probably due to the lower consump-
ion of the larger rodents that were frequently consumed at the
eserve.
ology 77 (2012) 183–189

A more complete analysis of the effects of an altered prey base
on the carnivore assemblage would include an evaluation of rela-
tive abundances of different species, which was beyond the scope
of this study. Numbers of scats and stomachs obtained for the
different carnivore species cannot be assumed to represent their
relative abundances at the ranches or the reserve. However, based
on reports by local people and several years of fieldwork at the two
sites, the puma and the culpeo appear to be much more abundant
on the ranches than at the reserve. This may be due to the greater
availability of larger-bodied exotic species which these largest car-
nivore species are more able to exploit. Nevertheless, pumas are the
only native carnivores able to exploit adult guanacos, which are
more abundant at the reserve. The puma had been largely extir-
pated from most of Patagonia, and only re-colonized the reserve
area within the last 10 years, whereas it recolonized the Patagonian
ranches more than 20 years ago (Novaro and Walker 2005). Culpeos
may be less abundant at the reserve because of the greater propor-
tion of scrub at that site, a habitat type which generally contains
fewer culpeos (Novaro et al. 2000b).

In recent years, conservationists have recognized that beyond
preventing demographic extinction of a species it may be desirable
to conserve those species at densities high enough to maintain their
roles, or ecological functions, in the ecosystem (Sanderson 2006).
Most species have numerous ecological functions, which are often
difficult to define, measure, and monitor. In areas where native her-
bivores are of conservation concern, analysis of carnivore diets may
be a relatively quick and efficient way to determine their ecolog-
ical functionality in terms of their role as prey. This role may be
particularly threatened in areas where native carnivores are subsi-
dized by livestock or introduced wildlife, as in Patagonia (Novaro
and Walker 2005).

Role of funding source

Wildlife Conservation Society provided economic support, but
did not have any other influence in study design, data collection
and analysis or manuscript production.
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