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Solitary felids are commonly associated with structurally complex habitats, where their foraging success
is attributed to stealth and remaining undetected by competitive scavengers. Research in North America
suggests that pumas (Puma concolor), a wide-ranging species found throughout the Americas, conform to
the general characteristics of solitary felids and avoid open grasslands with aggregating prey. Researchers
hypothesize that pumas are limited to structurally complex habitats in North America because of pres-
sures from other large, terrestrial competitors. We explored the spatial ecology of pumas in open habitat
with aggregating prey in Chilean Patagonia, where pumas lack large, terrestrial competitors. We tracked
11 pumas over 30 months (intensive location data for 9 pumas with GPS collars for 9.33 ± 5.66 months
each) in an area where mixed steppe grasslands composed 53% of the study area and carried 98% of avail-
able prey biomass, to track resource use relative to availability, assess daily movements, quantify home
ranges and calculate their density. As determined by location data and kill sites, Patagonia pumas were
primarily associated with open habitats with high prey biomass, but at finer scales, preferentially selected

for habitat with complex structure. On average, pumas traveled 13.42 ± 2.50 km per day. Estimated 95%
fixed kernel home ranges averaged 98 ± 31.8 km2 for females and 211 ± 138.8 km2 for males, with high
spatial overlap within and between the sexes. In a multivariate analysis, available prey biomass was the
strongest predictor of variation in the size of an individual puma’s home range. Finally, we determined a
total puma density of 3.44 pumas/100 km2, a significantly smaller estimate than previously reported for

densi
sellsc
Patagonia, but similar to
© 2012 Deutsche Ge

ntroduction

Solitary felids are typically associated with structurally complex
abitats in which they can remain “inconspicuous” (Lamprecht,
978) and in which ungulate prey tend to be solitary or aggre-
ate in small groups (Laundré, 2010; Logan and Sweanor, 2010).
olitary felids use habitat structure to their advantage to more suc-
essfully stalk and ambush prey (Lamprecht, 1978; Murphy and
uth, 2010). They also drag their prey into areas of greater cover
nd/or hide prey remains under a layer of debris to minimize detec-
ion by competitive scavengers (Hayward et al., 2006; Murphy and
uth, 2010).

The puma (Puma concolor) is a solitary felid, with the largest
istribution of any terrestrial mammal in the western hemisphere
Sunquist and Sunquist, 2002). Pumas exhibit extreme behavioral
lasticity and inhabit every forest type across their range, as well

s montane deserts, lowland deserts with broken terrain, and
editerranean systems (Beier, 2010; MacDonald and Loveridge,

010). Research in North America suggests that pumas conform

∗ Corresponding author. Tel.: +1 207 240 8550; fax: +1 530 752 4154.
E-mail address: lmelbroch@ucdavis.edu (L.M. Elbroch).

616-5047/$ – see front matter © 2012 Deutsche Gesellschaft für Säugetierkunde. Publis
oi:10.1016/j.mambio.2012.02.010
ties reported for North America.
haft für Säugetierkunde. Published by Elsevier GmbH. All rights reserved.

to the general characteristics of solitary felids, in that they avoid
open grasslands with aggregating prey like pronghorn (Antilocapra
americana) and/or bison (Bison bison) (Ernest et al., 2003; Riley et al.,
2004; McRae et al., 2005). However, researchers hypothesize that
it was the historic presence of large, terrestrial competitors (gray
wolves, Canis lupus, and bears, Ursus spp.) that limited pumas to
more complex habitats rather than an inherent avoidance of these
habitats per se (Riley et al., 2004; Ruth and Murphy, 2010). Recent
research in Yellowstone National Park supports this hypothesis,
for resident pumas began “concentrating their activities” in more
structurally complex habitats with the reintroduction and spread
of wolves in the system (Ruth et al., 2011). Given the broad distri-
bution of pumas, however, the question remains as to the spatial
ecology of pumas inhabiting predominantly open habitats with
aggregating prey in the far south, where they do not compete with
large, terrestrial competitors.

Patagonia is a vast 1,000,000 km2, sparsely-populated region
below latitude 39◦S in southern Chile and Argentina. Excepting the
moist forests forming its western border, Patagonia is largely dry,

open steppe inhabited by native guanacos (Lama guanicoe), ungu-
lates weighing up to 120 kg that aggregate in large social groups
(Bank et al., 2003), and flocks of exotic domestic sheep (Ovis aries)
(Novaro et al., 2000). To date, only one telemetry study on pumas

hed by Elsevier GmbH. All rights reserved.
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Fig. 1. Location of study area and inset delineating l

n Patagonia has been reported (Franklin et al., 1999), and much
emains unknown about them in the southernmost portion of their
istribution (Walker and Novaro, 2010).

We fitted 11 pumas in Chilean Patagonia with either GPS (n = 9)
r VHF collars (n = 2) at the interface of the open steppe and forested
ndean mountains to increase our understanding of the spatial
cology of solitary felids in mixed habitats, including grasslands
ith primarily aggregating prey. Based on detailed location data,
e quantified daily movements and investigated land cover asso-

iations (as a coarse descriptor for habitat) for pumas and for puma
ill sites. Further, we assessed biologically reasonable covariates
puma age and gender, available prey biomass, land cover type) for
heir role in determining home range size.

We hypothesized that puma daily movements, preferential
abitat use, home range sizes, and density in our study area would
e functions of prey distributions (high prey densities and large
ggregations) and availability (the guanaco’s distribution in steppe
abitat) (Logan and Sweanor, 2001; Bank et al., 2003). We hypothe-
ized that, contrary to previous research findings in North America,
umas would exhibit preference for steppe grasslands—inferred
rom location data and kill sites—because it was in steppe that
rey was most abundant, and because in Patagonia, pumas do
ot compete with other large, terrestrial carnivores. Further, we
xpected puma kills and location data to be found disproportion-
tely in rugged and rocky mountain steppe habitat rather than
at valley steppe because mountain steppe offered greater cover

rom which to ambush prey. We also hypothesized that available
rey biomass would be the strongest determinant of home range
ize for all pumas, and like pumas in North America, older pumas
ould have larger home ranges than younger pumas, and males
ould have larger home ranges than females (Logan and Sweanor,

001; Grigione et al., 2002). Other research on solitary felids has
hown that felids move shorter daily distances and utilize smaller
ome ranges when prey densities are high (Schmidt, 2008), thus we
ypothesized that the daily distances moved by pumas in Patago-

ia would be shorter and their home ranges would be smaller than
hose recorded in North America, because of the higher prey den-
ities in Patagonia (Grigione et al., 2002; Laundré, 2005; Logan and
weanor, 2010). Finally, we hypothesized that the density of pumas
wnership (LCNR = Lago Cochrane National Reserve).

in our study area would be higher than those reported for North
America in Quigley and Hornocker (2010) because of higher prey
densities.

Material and methods

Study area

Our study was conducted in the southern portion of Chile’s
Aysén District, north of Lago Cochrane in central Chilean Patagonia
(W 47.8000, S 72.0000, Fig. 1). The study area covered approxi-
mately 1200 km2, and included the 69 km2 Lago Cochrane National
Reserve, the 690 km2 private Estancia Valle Chacabuco, and approx-
imately 440 of the 1611 km2 Jeinimeni National Reserve; these 3
properties will be combined into the future Patagonia National Park
(http://www.conservacionpatagonica.org/). Elevations throughout
the study area varied from 200 to 1500 m asl. The mean annual tem-
perature for this region of Patagonia is 6.5 ◦C (Endlicher, 1991). The
annual precipitation averages approximately 800 mm, the major-
ity of which falls during the winter months (May–August) as snow
(Wittmer et al., 2010). Land cover was characteristic of rugged
Patagonia mountains, and included large areas of mixed Patagonia
steppe (expansive grasslands interspersed with islands of shrubs
and short forests), riparian systems, wetlands, and southern beech
(Nothofagus spp.) forests above 700 m.

Puma captures

We captured pumas from March to September in 2008 and
2009, when locating them was facilitated by the presence of snow
on the ground. When conditions were suitable, we traveled on
horseback until fresh puma tracks were found, and used hounds
to force pumas to retreat to either a tree or rocky outcrop where
we could safely approach the animal. Pumas were anesthetized
with Ketamine (2.5–3.0 mg/kg) administered with a dart gun, and

then lowered to the ground where they were administered Zalop-
ine (0.075 mg/kg) by syringe. We recorded gender, age (using tooth
condition, Heffelfinger, 1997, or gum line recession, Laundré et al.,
2000), weight, and standardized body measurements. We fitted

http://www.conservacionpatagonica.org/
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Fig. 2. Puma location data

umas with either an Argos-GPS collar (SirTrack, Televilt, or Lotek)
r VHF collar (SirTrack), the weights of which were less than 3%
f adult female weights in the study area, and less than 2% of the
eight of adult males. Once the animal was completely processed,

he effects of the capture drugs were reversed with Atipamezole
0.375 mg/kg), and pumas departed the capture sites on their own.

Although our first puma was a subadult male, we otherwise tar-
eted resident adult pumas. Using track shape and size, we chose to
ither avoid running females estimated to be less than two years of
ge or males less than three years, or not to drug and process them
f we did, in an attempt not to mark pumas with a higher likelihood
f dispersing from the area.

etermining daily distances moved

Collars were programmed to acquire GPS locations at 2-h inter-
als, and to transmit data through an Argos uplink at 2–5 day
ntervals. Our most common programming was a 6-h uplink every

days. We measured all distances between consecutive locations
athered by GPS collars using ArcGIS 9.1 (ESRI, Redlands, CA). We
uantified daily movements as the summed straight-line distances
etween sequential GPS locations for each 24-h period. To avoid
nderestimating travel distances, we only used days for which
here were 8+ GPS points. One collar was programmed to collect
ocation data at 8-h intervals, but was not included in daily distance
nalyses. Further we walked 10 random trail sections between
equential location data (2-h duration) in light snow cover for 4
umas (3 female, 1 male) to create a correction factor to better
stimate daily movements. We recorded the length of puma trails
n the field using hand-held GPS units, and quantified the correc-
ion factor as the ratio between the trail measured in the field/the
irect line distance between the sequential GPS points.

Daily movement data were first tested to see if they followed a
ormal distribution using a Shapiro–Wilk W test, and Levene’s test
as used to assess homogeneity of variances (Steel et al., 1997).
ecause we gathered a variable number of observations per individ-
al puma, we used a mixed-model Analysis of Variance (ANOVA),

n which we assigned individual pumas as a random effect, and
ifferences between male and female pumas were assessed with

east square means and a probability value of 0.05 (SAS 9.2, Cary,

C). We then used a second mixed-model ANOVA to test whether

he presence and age of kittens (5 categories: none, 0–3 months old,
–6 months, 6–12 months, and 12–18 months) were a significant

nfluence on any variability in daily distances traveled by females.
s the 5 land cover classes.

Determining habitat associations for location data and kill sites

As a first step, we categorized land cover into 5 classes (Fig. 2),
defined as follows:

(1) Valley steppe: Flat steppe habitat 200–600 m in elevation
lying along the floor of Valle Chacabuco, and characterized
by unobstructed views. Vegetation was open grassland, inter-
mingled with short shrubs, primarily mata barrosa (Mullinum
spinosum) and scarlet gorse (Anarthrophyllum desideratum).
Common grasses included Stipa speciosa, S. humilis, Poa ligu-
laris, and Bromus pictus. Steppe was also interspersed with small
pockets of woody vegetation up to 5 m tall, including calafate
(Berberis microphylla) and ñirre (Nothofagus antarctica).

(2) Mountain steppe: Habitats 600–1200 m in elevation, charac-
terized by steep slopes, ravines, and rock outcrops providing
greater cover for pumas than valley steppe. Vegetation was as
described for valley steppe.

(3) Shrubs: Habitats between 200 and 700 m in elevation, with
extensive, very dense woody growth and canopies to 8 m
tall. Woody shrubs varied across the study area, but included
ñirre, notro (Embothrium coccineum), and chaura (Pernettya
mucronata).

(4) Forests: Habitats between 700 and 1200 m in elevation, with
high canopies >12 m tall. Forests were dominated by lenga
(Nothofagus pumilio).

(5) Barren mountaintops: Habitats above 1200 m in elevation, with
limited vegetation <6 cm tall.

In ArcGIS, we created circular, 10-m radius buffers around each
GPS point (collars record location with 5–10 m accuracy) and quan-
tified land cover within these buffers as proportions (e.g., 0.7
steppe, 0.3 forest). Using Hawth’s Tools in ArcGIS, we created a Min-
imum Convex Polygon (MCP) (Mohr, 1947) using locations from all
pumas within Chile (i.e., excluding locations from one puma that
dispersed to Argentina (Elbroch et al., 2009), and a second puma
that spent minimal time on an Argentinean sheep ranch), which we
then defined as the delineated study area for population-scale anal-
yses. Then we quantified the surface area of each of the 5 land cover
classes within this polygon. We subtracted all open water sources,
even though one individual was known to cross aquatic habitats for

foraging purposes (Elbroch et al., 2010). First we used a chi-square
test of independence and likelihood ratios to determine whether
the summed land cover counts for the location data of individual
pumas and the distribution of GPS data in the five cover classes
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ere independent of each other, and to test whether second-order
r third-order habitat selection (Johnson, 1980) was an appropri-
te measure in our system (Dasgupta and Alldredge, 2000; Fieberg
t al., 2010). Then, we used chi-square goodness of fit tests to assess
econd-order habitat selection, in which we determined whether
and covers used by all pumas (as determined within buffers) were
istributed across cover classes in proportion to their availability

n the entire study area, and third-order habitat selection (Johnson,
980), in which we determined whether each individual puma’s

ocation data were distributed across cover classes in proportion
o the availability of these habitats within their respective home
anges.

We analyzed the locations of puma kill sites by the same process
s for second-order habitat selection of puma locations, applying
10-m radius buffer around each point to account for potential
PS error in our handheld units. For ungulates killed, we defined

he center of the site as the location of the rumen. For European
ares (Lepus europaeus), the kill site was defined by the location of
he stomach or intestines when they were available, or the largest
ollection of any remains. We used a chi-square goodness of fit
est to test whether kill sites were distributed in proportion to the
istribution of prey densities calculated within each available land
over type (see below).

uantifying prey densities and biomass

We estimated densities of guanacos in the different land cover
ypes in 2010 using distance sampling (Thomas et al., 2010). Tran-
ect widths were limited by range finder technology to 800 m wide
n valley steppe, and to 200 m wide by landscape contours in moun-
ain steppe. Shrubs and forests, in which visibility was limited to
0–100 m wide transects, were combined into one cover class due
o the similarities in detection probabilities in these habitats.

Two observers walked 60 randomly selected 1-km transects dis-
ributed across the 3 major cover class types on the estancia in June
010: (a) valley steppe, (b) mountain steppe, and (c) shrub–forest.
abitat-specific densities for guanacos were then estimated using
rogram Distance 6.0 (Thomas et al., 2010). The number of resi-
ent guanacos in the surrounding national reserves was negligible,
otaling approximately 50 individuals (Torres, 1992).

We also estimated abundances for European hares, sheep, and
uemul (Hippocamelus bisulcus). Distance sampling was used to
stimate European hare densities in winter 2010. Eighty kilome-
ers of roads were driven at night and searched with spotlights
80 m wide transects). Habitat-specific hare densities were esti-

ated for steppe (combined valley and mountain steppes because
etection distances were shorter than for guanacos and unaffected
y terrain), and shrub–forest cover classes using program Distance
.0. Sheep in the study area were counted in January of each year,
nd we used the huemul population estimate of 120 individuals
eported by Corti et al. (2011).

Using known prey locations for sheep and huemul, and cover
lass-specific densities for guanacos and hares, we quantified prey
iomass in each puma’s 95% kernel home range in terms of kg of
rey. We used adult weights for all animals, except guanacos. Dur-

ng transect sampling for guanacos, the percent of first-year animals
mong mixed groups was also recorded (18.9%) and we multiplied
his proportion by the weight of 6-month old guanacos (27.3 kg)
o more realistically reflect actual biomass on the landscape. For
heep, we used adult weights because nearly all the lambs were
old off each Christmas at approximately 2 months of age. We used

dult huemul weights of 65 kg (Iriarte, 2008), 4 kg for European
ares (the mean weight of 30 specimens hunted by locals or killed
y vehicles), 40 kg for adult sheep (mean weight of slaughtered
heep), and 120 kg for adult guanacos (Raedeke, 1979).
ian Biology 77 (2012) 377–384

Quantifying home ranges and home range overlap

Home ranges were estimated for pumas with GPS data using
2 methods. First, 100% of the data were used to create cumula-
tive MCPs by month in ArcGIS, using the Hawth’s Tools extension
(Beyer, 2004), to allow for comparisons with previous home range
estimates for pumas in Patagonia and elsewhere (Franklin et al.,
1999). Secondly, we filtered data to estimate 95% home ranges
using a fixed kernel estimator (Worton, 1989) and least square cross
validation (LSCV) to determine the smoothing factor h (Seaman
and Powell, 1996). To minimize temporal autocorrelation, only GPS
points taken at 12 am, 8 am, and 4 pm were included; systematic
sampling maintained a randomized design (Kie et al., 2010). Then
we used assessed spatial autocorrelation in our data using Moran’s
I statistic. LSCVs and the 95% kernel home ranges were calculated
in ArcView 3.2, using the Animal Movement Extension (Hooge and
Eichenlaub, 1997).

We used multiple regression analyses to test variables that
might explain fixed kernel home range size for the 9 pumas with
GPS collars. We considered the following 7 covariates: (1) prey
biomass per home range (total kg of guanaco, sheep, hare, and
huemul, see methods above), (2) puma weight, (3) puma age, (4)
puma gender, (5) duration of monitoring (number of months of data
used to calculate home ranges), (6) amount of valley steppe (km2

of valley steppe land cover in their respective kernel home ranges)
and (7) amount of mountain steppe in their respective home ranges.
To account for low sample sizes we attempted to reduce the num-
ber of covariates. First, we used pairwise coefficient correlations,
and a correlation cut off of 0.5, to test for significant correlation
between independent variables. When two or more variables were
significantly correlated, we selected the variable with the highest
correlation with home range size to be included in the final analy-
sis. In the end, three variables remained to run a full model multiple
regression.

Fixed kernel home range overlap between marked pumas was
calculated using the polygon overlap analysis tools in Hawth’s Tools
in ArcGIS 9.1. Overlap was quantified as a percentage of a puma’s
95% kernel home ranges.

Location data were collected opportunistically for the 2 pumas
fitted with VHF collars. The original purpose of VHF collars was to
mark pumas while snows allowed us to use tracks to locate new
pumas, and then regardless of snow cover, to facilitate easier cap-
ture scenarios of the same pumas when an Argos-GPS collar became
available; only later was it decided they might also contribute to
analyses. Location data were documented 3–10 times per month
for these individuals. We estimated MCPs for the 2 pumas wearing
VHF collars using 100% of their location data and used these values
in our calculations to estimate puma densities (see below).

Quantifying puma density

Because our capture effort was uneven across the study area,
we employed a density estimate for 2009 using overlapping home
ranges to calculate pumas/100 km2 (McLellan, 1989; Cooley et al.,
2009). First, we determined the boundaries of the area in which
we searched for pumas repeatedly through the winter of 2009, and
where we were certain we had collared all resident pumas (we
never encountered any puma tracks that could not be accounted
for by collared animals). Following Cooley et al. (2009), we com-
bined the location data for all the resident females that remained
completely within the area where we searched for pumas most fre-
quently in ArcGIS 9.1 and created a single MCP for their combined

data. Then, we summed the proportion of each additional overlap-
ping pumas’ MCPs (quantified as a fraction and determined using
Hawth’s Tools and ArcGIS 9.1) with the combined MCP of the res-
ident females to determine a number of resident pumas for the
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Table 1
Gender, age, weight, collar type, and length of monitoring of captured pumas.

ID Gender Age (years) Weight (kg) Collar type Length of
monitoring (days)

95% kernel home range
in km2 (number of
locations used)

100% MCP home range
in km2 (number of
locations used)

M1 M 2.5a 72 Argos GPS (SirTrack) 110 183 (64) 206 (265)
M2 M 5b 73.5 Argos GPS

(SirTrack)/Argos GPS
(Lotek)

453 370 (607) 488 (2268)

M3 M 6b 66 Argos GPS (Lotek) 351 149 (754) 289 (3033)
M4 M 8b 82 Argos GPS (Lotek) 245 114 (461) 240 (937)
F1 F 2.5a 35 Argos GPS (Telonics) 211 53 (599) 96 (599)
F2 F 2.5a 32 Argos GPS (SirTrack) 91 83 (85) 90 (314)
F3 F 3.5b 38 Argos GPS (Lotek) 534 121 (772) 222 (3267)
F4 F 4b 36 Argos GPS (Lotek) 453 98 (1092) 251 (4422)
F5 F 2b 38 Argos GPS (Lotek) 237 120 (447) 179 (1788)
F6 F 1.5b 30 VHF 191 – 91 (53)
F7 F 2.5a 32.5 VHF 162 – 112 (46)
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a Heffelfinger (1997).
b Laundré et al. (2000).

rea delineated by the MCP for the combined female data. This cal-
ulation included the MCPs for the 2 pumas wearing VHF collars.
inally, we scaled this calculation to pumas/100 km2. In addition,
e used the numbers of kittens for collared females over the same

rea, determined and rechecked repeatedly during captures, direct
bservations, by tracks in snow and/or remote cameras at kill sites,
o calculate a second density of all known pumas in the same area.

esults

aptures

We captured 11 pumas (4 males and 7 females) in 2008–09 and
tted them with either GPS (n = 9) or VHF (n = 2) collars (Table 1).
umas were monitored from May 2008 through December 2010.
PS data were collected for pumas for a mean of 9.33 ± 5.66 months.
6 was a mature kitten still traveling with her mother and male
ibling for the duration of her monitoring period.

aily distances

Mean daily distances traveled were not significantly different

or males and females (LS means 8.82 ± 1.50 km compared with
.45 ± 1.49 km respectively; F1,5.51 = 0.42, P = 0.5415). The correc-
ion factor for 10 trails made between sequential location data was
.64 ± 0.48. Multiplying by the correction factor, pumas on average

able 2
omparison of puma point locations within each land cover (% observed) versus availab
esults of chi-square tests.

Habitat Puma All pumas M1 M2 M3

Valley steppe
Observed 9.8% 23.9% 8.6% 2.7%
Expected 7.2% 18.6% 10.8% 6.9%

Mountain steppe
Observed 44.2% 38.0% 46.3% 58.5%
Expected 46.0% 31.2% 61.3% 64.1%

Shrubs
Observed 9.1% 7.6% 6.1% 8.3%
Expected 3.9% 2.0% 6.5% 2.1%

Forest
Observed 31.8% 7.6% 34.1% 23.3%
Expected 4.4% 6.1% 6.5% 2.9%

Barren
Observed 5.2% 22.8% 5.0% 7.3%
Expected 38.4% 42.0% 14.9% 24.0%

Number of point locations 16,012 115 1369 2987
�2

4 18148.42 20.9432 1065.033 2584.331
P <0.0001 0.0003 <0.0001 <0.0001
moved 13.42 ± 2.50 km per day. The presence and age of kittens
also proved not to be a significant influence on daily distances
(F4,4.68 = 0.50, P = 0.7405). The longest daily distance (sum of straight
lines between sequential GPS points without correction) recorded
during our study was 53 km made by a female with yearling kittens.

Habitat associations for puma locations and kill sites

Using a total of 16,012 locations, we defined the study area (for
population scale quantitative analyses) as a 1062 km2 MCP. We
rejected the null hypothesis for the chi square test of independence
(�2

32 = 1886.530, P < 0.0001) and concluded that due to the high
variation in resource selection among individual pumas, an assess-
ment of second order habitat selection by pumas was inappropriate
for this study system.

Within their home ranges (third-order selection), pumas used
forested habitats more than expected, and barren mountaintops
less than expected, assuming random movements (Table 2). The
location data for 7 of 9 pumas were located in steppe habitat most
often, yet only 4 of 9 pumas were located within valley steppe, and
2 of 9 pumas in mountain steppe, more than expected given their
availabilities within each pumas’ respective home ranges (Table 2).
The locations of guanaco (n = 332), sheep (n = 41) and hare
(n = 73) kill sites were distributed disproportionately across cover
classes with respect to their availability and their relative prey
densities (Table 3). Guanaco kills were disproportionately found

le land cover classes (km2) within their respective home ranges (% expected), and

M4 F1 F2 F3 F4 F5

7.0% 0.9% 8.4% 36.6% 2.6% 0.0%
1.3% 10.5% 5.2% 22.5% 4.6% 0.0%

56.9% 65.0% 52.8% 33.1% 35.7% 45.5%
72.8% 71.5% 49.6% 66.4% 58.0% 58.1%

10.0% 0.9% 13.3% 6.9% 14.3% 5.2%
1.1% 0.1% 26.2% 5.9% 0.9% 2.7%

22.0% 13.8% 24.1% 21.6% 41.5% 49.0%
5.3% 13.6% 13.3% 3.2% 19.7% 25.4%

4.1% 19.5% 1.4% 1.8% 5.9% 0.3%
19.5% 4.3% 5.8% 2.0% 16.8% 13.8%

540 733 358 2836 1788 4362
485.1745 270.7981 61.6076 2091.068 3951.543 764.4925

<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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Table 3
Comparison of kill site point locations within each land cover (% observed) with
available land cover classes in the study area in terms of km2 (% expected), and
results of chi-square tests.

Habitat Hares Guanacos Sheep

Valley steppe
Observed 4% 26% 71%
Expected 7% 19% 96%

Mountain steppe
Observed 39% 48% 12%
Expected 71% 66% 1%

Shrubs
Observed 11% 4% 0%
Expected 13% 5% 1%

Forest
Observed 43% 18% 17%
Expected 4% 5% 1%

Barren
Observed 3% 4% 0%
Expected 5% 5% 1%

Number of kill sites 73 332 41
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MCPs of marked pumas with the MCP of the 4 females, to cal-
culate a total of 6.08 pumas/450 km2 (1.35/100 km2). There were
1.04 females/100 km2 and 0.31 males/100 km2. When we included
�2
4 105.6378 93.4384 47.0191

P <0.0001 <0.0001 <0.0001

n valley steppe, but found less than expected in mountain steppe.
are kills were located less often than expected in valley and moun-

ain steppe habitats, and both guanaco and hare kills were found
n forests significantly more than expected, given both the rela-
ively lower prey availability in forests and the limited distribution
f forests in the study area. The 7 sheep killed in shrub habitat and
he 5 sheep killed in mountain steppe had escaped their enclo-
ures, which were entirely in valley steppe habitat. As expected, all
uemul kills (n = 7) were found in forested habitats.

rey densities

Guanaco densities were highest in valley steppe habitat (X̄ =
1.3/km2, 95% CI = 33.5–151.6) followed by mountain steppe
abitat (X̄ = 34.4/km2, 95% CI = 13.2–89.9). Guanacos were not
etected in shrub–forest habitats or in 153 km2 of steppe habitat

n the east and northeast of the study area, where sheep ranch-
ng was the dominant activity. Hare densities averaged 42.5/km2

95% CI 20.3–89.3) in both steppe habitats (pooled across valley and
ountain steppe) and forests, and 89.0/km2 (95% CI = 44.3–179.1)

n shrub habitats. Ranchers counted 2500 sheep in the eastern por-
ion of the study area in 2009–10. In sum, we calculated that there
ere 6550 (95% CI = 3316–17,629) guanacos, 21,973 hares (95%
I = 13,078–45,916), 120 huemul, and 2500 sheep in our 1062 km2

tudy area. We also calculated that steppe habitat composed 53%
f the study area, and contained 98% of the available prey biomass.

ome ranges and home range overlap

Disregarding 2 pumas for which we had less than 3 months
f data, 95% fixed kernel home ranges averaged 98 ± 31.8 km2 for
emales and 211 ± 138.8 km2 for males (Table 1). Cumulative MCP
ome ranges are found in Fig. 3. We only have one month of usable
ata for M1 who dispersed from our study area and was killed
Elbroch et al., 2009).

Correlation coefficients between prey biomass, amount of valley
teppe, and amount of mountain steppe land covers were greater
han 0.5. Prey biomass proved the most strongly correlated with
ome range size, and was thus retained for the model. Correla-
ion coefficients between puma weight, gender and age were also

reater than 0.5, and puma weight was retained for the model. The
nal model was run with three covariates: duration of monitor-

ng, puma weight, and prey biomass. The model was strong and
ignificant (R2 = 0.82, F3,8 = 7.52, P = 0.0267).
Fig. 3. MCP home ranges over time.

Home range overlap was substantial (60% ± 14.4%) for four
females wearing GPS collars in the area where we believed we
had collared all females. Forty-three percent of F1’s kernel home
range, 58% of F3’s, 78% of F4’s, and 61% of F5’s overlapped with
other marked females (Fig. 4). M2 and M3 shared 27.5 km2 (Fig. 4),
which was 7% of M2’s home range and 18% of M3’s. M3 shared an
additional 4% of his range with M4, for a total of 22% home range
overlap with other marked males.

Puma density

Location data for 4 adult females fell within the area where
we searched for pumas most frequently, and their combined
location data created a 450 km2 MCP. F6 (VHF collar) was moni-
tored for 6 months and we calculated a 91 km2 MCP using 100%
of her location data (n = 53). F7 (VHF collar) was monitored 5
months and we calculated a 112 km2 MCP using 100% of her
location data (n = 46). We overlapped portions of 5 additional
Fig. 4. Overlapping 95% fixed kernel home ranges of 6 pumas. The empty shapes
with thick borders are Males M2 (370 km2) and M3 (149 km2), and the interior,
smaller shapes with 4 different textures are overlapping females F1 (96 km2), F3
(121 km2), F4 (98 km2), and F5 (120 km2).
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nown kittens in our calculations puma densities were estimated
s 15.48 pumas/450 km2 (3.44/100 km2).

iscussion

We found support for many of our predictions about the spatial
cology of pumas in open habitats with aggregate prey and with-
ut large, terrestrial competitors. Seven of 9 pumas in our study
ere most often located in open steppe habitat, 2 of 9 pumas

howed preferential selection for mountain steppe, and 4 of 9
umas showed preference for valley steppe, where guanaco den-
ities were highest. Puma kill sites were also most often located
n steppe habitat, and guanaco kills were located in valley steppe

uch more than expected given the small distribution of valley
teppe and its prey densities. However, like pumas in North Amer-
ca (Williams et al., 1995; Dickson and Beier, 2002; Ernest et al.,
003), more individual pumas in our study exhibited avoidance of
rassland habitats than did preference (Table 2). Whereas pumas in
ur study most often hunted in steppe grasslands, especially gua-
acos in valley steppe, they otherwise avoided grasslands for other
spects of their lives.

We did not find support for our prediction that puma kills would
e located in mountain steppe more than expected, due to the

ncreased cover mountain steppe provided hunting pumas. Instead,
umas selected for areas with higher guanacos densities over areas
ith lower densities but increased ambush terrain. Puma location
ata and kill sites were also found in forests in much greater abun-
ance than expected given either the availability of forests or our
stimated prey biomass in forests. Similarly, Franklin et al. (1999)
eported that pumas in Torres del Paine NP utilized forested habi-
ats more than any other habitat. Guanaco sign was evident in
orests, in the form of runs, tracks, and scats, yet guanacos appeared
o use forests primarily while traversing between steppe habitats.
umas, therefore, likely attacked guanacos while they were travel-
ng through forests, and made more vulnerable due to the structural
over provided pumas.

We found support for our hypothesis that pumas in Patagonia
ould move shorter distances than have been recorded in North
merica. Our uncorrected estimates of daily distances traveled by
umas were 50% shorter than the 16.1 km/day reported in Laundré
2005), and suggest that high prey densities and large aggregations
ere an important variable influencing observed daily travel dis-

ances. Like Laundré (2005), we did not find differences in daily
ovements between females and males, nor among females with

nd without kittens. Contrary to the daily distances, we did not
nd support for our prediction that pumas should utilize smaller
ome ranges in areas of high prey densities. While our home range
alculations (MCPs) were larger than those reported for southern-
ost Patagonia (98 vs. 69 km2 for females and 211 vs. 39 km2 for
ales; Franklin et al., 1999), they were equivalent to those reported

or North America (Grigione et al., 2002; Logan and Sweanor,
010).

Prey biomass best explained variation in puma home ranges.
any different factors have been shown to influence variation in

ome range size in felids (e.g., reproductive status and body mass
n Grigione et al., 2002), and in our analysis, prey biomass, puma

eight and the duration a puma was monitored explained 82% of
he variation among home ranges of pumas in our study. In North
merica, female puma home ranges overlap 40–60% with other

emales (Logan and Sweanor, 2010), similar to what we calculated
n Patagonia. Males in North America also overlap with each other,

lthough they tend to use the overlapping portions of their home
anges at different times (Logan and Sweanor, 2010). The limited
umber of marked adult male pumas in our study limited our ability
o assess male–male overlap.
ian Biology 77 (2012) 377–384 383

We were surprised that we did not find support for our hypoth-
esis that puma densities would be higher in our study area due
to higher prey densities than those reported for North America
(from 0.6 to 3.9 total pumas/100 km2 for 7 studies; Quigley and
Hornocker, 2010). Quigley and Hornocker (2010), however, cau-
tioned against comparing puma density estimates across study
areas too closely because of the disparate methods currently
employed, and there is limited research making direct comparisons
between puma densities and known local prey densities. Using
methods comparable to those applied here, Cooley et al. (2009)
reported similar values to ours (3.33 total pumas/100 km2 as com-
pared with our 3.44/100 km2). Our density estimates were much
lower than those determined through “direct counts” for Torres
del Paine National Park (30 pumas/100 km2 in Franklin et al., 1999).
Our estimates were more than four times that reported for northern
Argentina (0.67 ± 0.16 total pumas/100 km2), as determined with
camera traps (Kelly et al., 2008).

Our research suggests that pumas are not structurally complex
habitat specialists and will use open habitats with aggregating prey
in the absence of large, terrestrial competitors. Pumas in our study
preferentially hunted guanacos in flat, open grasslands where they
were most abundant, and closed canopy forests, where they were
most vulnerable to ambush. Thus, our research supports the notion
that wolves and bears may limit pumas to structurally complex
habitats in North America (Riley et al., 2004; Ruth and Murphy,
2010). Unlike social felids that benefit from group defense of their
kills (e.g., African lions, Panthera leo, Mosser and Packer, 2009),
solitary pumas that share open habitats with large competitive
scavengers in North America must retreat to cover and attempt
to remain unobtrusive to minimize conflicts with other carni-
vores (Ruth and Murphy, 2010). Unlike pumas in North America,
Patagonia pumas in our study were primarily located in open habi-
tats in which ungulate prey aggregated in large groups. However,
Patagonia pumas also exhibited behaviors similar to their northern
counterparts and preferentially selected for habitat with complex
structure for use as secure retreats and to aid in the stalking and
ambushing of their prey.
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