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Abstract Knowledge about the puma Puma concolor in the
Mediterranean Andes of South America is scarce, with little
information available about its distribution and ecology.
The species has been hunted in the region for centuries
and seems to be relegated to remote areas, where it still
comes into conflict with rural communities. Camera-trap
surveys have been used to estimate puma density across
the species’ distribution, and this is a relatively cost-effective
approach to generate information about species abundance.
We tested the performance of this method in the Andes of
central Chile, where the rugged topography, unknown de-
tection probability, and an expected low density make abun-
dance estimation by other methods unreliable or expensive.
Using a rotation of  camera-trap stations, for a total of 
camera-days, we obtained  records of pumas and were
able to identify four individuals in an effective sampling
area of  km (/ mean maximum distance moved) or
, km (mean maximum distance moved). Capture–
recapture models estimated a minimum density of
. ± SE . to . ± SE . adult pumas per  km.
This is the first estimate of the density of the puma in
the Mediterranean Andes, and one of the lowest reported
for the Neotropics. Although this low abundance does not
necessarily imply a threat to the species, it suggests that
the population is potentially vulnerable to threats such
as illegal hunting. Our findings demonstrate that camera
trapping is an effective technique in difficult field condi-
tions and may be the most appropriate method to assess
puma densities in this region.
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Puma Puma concolor populations throughout most of
the Andes have received little research attention for dec-

ades, even though the mountain range is possibly a key cor-
ridor for the subspecies Puma concolor puma (Culver et al.,
), comprising several thousand kilometres of wild

habitat in a north–south axis, with low human intervention.
In the Mediterranean ecoregion of central Chile (–°S),
the high human density and intensive agriculture have ren-
dered most of the area between the Andes foothills and the
Pacific Ocean unsuitable for the species. The remaining nat-
ural habitat for the puma is in remote mountainous areas
used as summer ranges for livestock (horses, cattle, sheep
or goats), and managed by extensive grazing husbandry
practices. In these areas retaliatory killing of pumas oc-
curred for centuries prior to protection of the species in
, and may still occur, although the frequency is un-
known. The puma’s prey base has changed substantially
since the th century, as the guanaco Lama guanicoe (a
South American wild camelid) has disappeared from most
of the country and been replaced by exotic lagomorphs
(European rabbit Oryctolagus cuniculus and European
hare Lepus europaeus), which are significantly smaller in
size. Despite the potential threats to the puma (i.e. illegal
hunting, reduced prey base) and its role as a top predator
(Ripple & Beschta, ; Ripple et al., ), little informa-
tion is available about the species in this region. This not
only hampers conservation efforts but also precludes evalu-
ation of the species’ conservation status in the region.
Although the puma is categorized as Near Threatened by
the Chilean authorities (MINSEGPRES, ), this assess-
ment was based on little quantitative data; only two esti-
mates of the density of the puma have been published in
Chile, both carried out in Patagonia using radio and global
positioning system (GPS) telemetry (Franklin et al., ;
Elbroch & Wittmer, ). This region differs markedly
from the rest of the continent and cannot be considered rep-
resentative of the other ecosystems of Chile.

The high cost of GPS telemetry and the poor accessibility
of mountainous areas for radio-tracking preclude their gen-
eral use for the assessment of puma populations. Camera
traps may be used to overcome some of the complexities
of estimating the abundance of large carnivores (Karanth
& Nichols, ). Data generated using camera traps have
been used to estimate the density of the puma throughout
its range (e.g. Kelly et al., ; Negrões et al., ;
Paviolo et al., ), although there is still debate about
some methodological issues, such as individual identifica-
tion accuracy and ad hoc estimation of effective sampling
surface (Foster & Harmsen, ). However, it is unclear if
this approach would facilitate abundance estimation in the
Mediterranean Andes, where the rugged topography and an
expected low puma density may render the technique
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inappropriate. This study is the first attempt to estimate
puma density in this region, where there is a need to facili-
tate assessment of the species’ conservation status and to
mitigate conflict with rural communities.

The study was carried out in Río Los Cipreses National
Reserve and adjacent landholdings with extensive livestock
husbandry practices (Verde Valle and Los Coligües land-
holdings) in the Mediterranean Andes (Fig. ). The topog-
raphy of the study area is characterized by basins of glacial
origin surrounded by steep mountain chains, and the vegeta-
tion by an altitudinal gradient of dense sclerophyllous forests
(–, m), a transitional thorny shrub (,–, m),
and Andean steppe in the highlands (. , m).

We used  double camera-trap stations, baited with wild
cat lure, to estimate puma density. Given the limited num-
ber of camera traps available we used a block design (e.g.
Karanth & Nichols, ; Soisalo & Cavalcanti, ) to
cover a significant area for the species (four times the
mean territory size is recommended by Maffei & Noss,
) while maintaining a spacing between stations that
would not leave gaps in the coverage (i.e. that a puma
using the area would not have zero probability of being de-
tected; Foster & Harmsen, ). We considered a max-
imum distance of  km between stations would be
sufficient to achieve this goal, given a low expected puma
density and a large territory size resulting from low avail-
ability of prey.

Potential camera trap sites were defined within a  km

polygon (. times the mean territory size reported for
Patagonia by Franklin et al., ), spanning two adjoining
basins. Following similar criteria to Jackson et al. (),
cameras were placed along trails on topographical bottle-
necks on ridgelines or valley bottoms, considering likely tra-
vel paths connecting distinct landscape units. Nine stations,
each with two camera traps, were deployed within the pro-
tected area for  days and then moved to the livestock
ranges for an identical period. One of the stations was stolen
during the second rotation and no data could be retrieved,
and therefore the analysis is based on  stations only.

Photographs of pumas were analysed independently by
NG, NG and JL, who identified individuals based on stable
and variable traits (Negrões et al., ), followed by a joint
evaluation (Kelly et al., ). Each individual’s capture–
recapture history was built, dividing the sampling period
into  -day periods. Data were analysed using the
Rcapture package (Baillargeon & Rivest, ) in R v. .. (R
Development Core Team, ) and the model with the best
relative fit was selected based on the Akaike Information
Criterion. We treat both sampling periods as if they had
been carried out simultaneously (Soisalo & Cavalcanti,
), although we acknowledge the spatio-temporal biases
such an approach might introduce (Foster & Harmsen, ).

To estimate the effective sampling area we used the mean
maximum distance moved, as well as half that value, to trace

FIG. 1 Map of the study area in Chile (Río Los Cipreses National Reserve and adjacent landholdings) and the distribution of camera
trap stations.
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a buffer around all stations, usingQGIS v. . (QuantumGIS
Development Team, ). Although this approach has
been criticized for being an ad hoc proxy of territory size
and evidence for its convenience is inconsistent (Foster &
Harmsen, ), it was the only available information
about puma movement in the study area. Also, its extensive
use in literature facilitates comparison with similar studies.

Total sampling effort was  camera-days, as none of
the cameras malfunctioned. During this period we obtained
 records of pumas, in % of the stations (n = ). Puma
capture rate was . events per  camera-days. The
mean capture rate inside the protected area (. ± SE .
events per  camera days) was substantially higher than
in the livestock ranges (. ± SE . per  camera-days),
and no individual was detected in both. Stations where
puma presence was recorded previously had a higher visit-
ation rate (. events per  camera-days; % of  stations
with puma presence) than those for which there were no
previous records of puma presence (. events per 

camera-days; % of  stations with puma presence).
Half of the events (n = ) resulted in photographs suit-

able for individual identification; many of the photographs
taken at night were too blurred to allow clear observation of
relevant features. From analysis of the photographs we were
able to identify at least four individuals (two males, two fe-
males), three of them presenting clearly distinguishable
traits (Table ). Three of the identified individuals were cap-
tured onmore than one occasion but only two were detected
at more than one station, which resulted in a mean max-
imum distance moved of  km (Male ,  km; Female ,
 km). The effective sampling area based on mean max-
imum distance moved was , km, and based on half
the mean maximum distance moved was  km.
Analysis of the capture–recapture data revealed that
model MhChao had the lowest Akaike Information
Criterion value, estimating . ± SE . pumas. Thus the
puma density in the study area is estimated to be between
. ± SE . and . ± SE . individuals per  km.

This estimate of puma density is at the lower end of puma
densities reported for the Neotropics, similar to those in the
Atlantic Forest in Argentina (Kelly et al., ) but up to
eight times lower than those in other areas (Table ). This
is consistent with low ecosystem productivity and reduced
prey abundance in the study area. Although this low density
does not necessarily imply conservation issues, it suggests
that the population is vulnerable to threats such as illegal
hunting (Chapron et al., ) and this could be a potential
explanation for the difference in capture rate between the
protected area and the livestock ranges. Conservation efforts
should therefore focus on the study and alleviation of
puma–human conflict, which could potentially be the
main threat for this population. As such, the magnitude
and characteristics of the conflict require further evaluation
to assess its impact on the long-term survival of the species
in this area.

Our estimate of density should be interpreted cautiously,
however, and considered a minimum estimate. The low
number of cameras available, the need to rotate them, and
the use of only two captures to estimate the mean maximum
distance moved may have compromised the accuracy and
robustness of our results. Further evaluation is needed,
with larger data sets for more robust estimation using spa-
tially explicit capture–recapture models, an approach that
would not be as sensitive to ad hoc proxies of territory
size (Royle & Gardner, ).

The capture rate we recorded was similar to other studies
with similar densities, suggesting that the method per-
formed well in this environment and that our camera loca-
tion criteria (i.e. topographical bottlenecks on likely travel
paths) were suitable. Given the success of this approach
across a broad spectrum of environments and the high
cost of alternatives involving individual capture, camera-
trap studies may be the best method for determining
puma density in this region. However, attention to detail
to maximize capture probability is important. When work-
ing with species that are difficult to detect or about which

TABLE 1 Details of four individual pumas Puma concolor identified by camera trapping in the Mediterranean Andes of Chile (Fig. ), with
individual ID, camera trap station no., location, date, individual characteristics, maximum distance moved, and no. of captures.

Individual
Station
ID Location Date Characteristics

Maximum
distance
moved

No. of
captures

Male 1 2 Protected area 12 Mar. 2012 Right ear mutilation; face scarring; male 16 km 3
2 Protected area 12 Feb. 2012
6 Protected area 13 Mar. 2012

Male 2 15 Livestock ranges 25 Apr. 2012 Marked tail kink to the left; no face scarring
or ear mutilation; male

1

Female 1 2 Protected area 10 Feb. 2012 Black tail tip; poor body condition; female 4 km 2
1 Protected area 18 Mar. 2012

Female 2 11 Livestock ranges 20 Apr. 2012 Plain colour tail, no black tip; female 2
11 Livestock ranges 24 Apr. 2012
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TABLE 2 Estimates of puma density in the Neotropics, with study area, environment, method, no. of stations, no. of camera-trap days, capture success, effective sampling area based on ½
MMDM, and data source.

Study area Environment Method
No. of
stations

No. of camera-
trap days

Capture
success1

Effective sampling
area based on ½
MMDM2 (km2)

Density estimate
(adults per 100 km2) Source

Argentina
Yabotí Biosphere Reserve Atlantic forest Camera trap 42 1,871 2.41 1,199.33 0.67 ± 0.103 Kelly et al. (2008)
Yabotí Biosphere Reserve Atlantic forest Camera trap 42 1,871 2.4 1,082 0.744 Paviolo et al. (2009)
Urugua-í Atlantic forest Camera trap 34 1,496 1.07 228 2.194 Paviolo et al. (2009)
Iguazú (2004) Atlantic forest Camera trap 39 1,839 3.96 450 2.894 Paviolo et al. (2009)
Iguazú (2006–2007) Atlantic forest Camera trap 47 205T 3.89 750 2.44 Paviolo et al. (2009)
Belize
Chiquibul Forest Reserve &
National Park

Tropical forest Camera trap 22 1,232 3 380.ee 3.42 ± 1.333 Kelly et al. (2008)

Bolivia
Kaa-lya del Gran Chaco
National Park

Great Chaco Camera trap 17 1,601 2.84 96.33 6.8 ± 1.053 Kelly et al. (2008)

Brazil
Araguaia river basin Tropical forest Camera trap 21 1,681 1.27 264.7 3.4 ± 2.043 Negrões et al. (2010)
Chile
Torres del Paine National
Park

Chilean
Patagonia

Capture &
telemetry

2.55 Franklin et al. (1999)

Southern portion of Aysen
District

Chilean
Patagonia

Capture &
GPS collar

1.355 Elbroch &Wittmer (2012)

Rio los Cipreses National
Reserve & surroundings

Mediterranean
Andes

Camera trap 17 683 2.34 627.9 0.75 ± 0.13 This study

No. of captures per  trap-nights
Mean maximum distance moved
Mean ± SE
Maximum density considering a buffer of ½ MMDM (no further details in original paper)
Density based only on collared adults
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there is little local knowledge available, we advise examin-
ation of the entire polygon where cameras are going to be
deployed. Although time consuming, this facilitates the
identification of sites with the highest detection probability
and reduces accessibility biases. In our study the best pre-
dictor of camera success was the prior detection of puma
sign. Investing time in the identification of such sites is
worthwhile, even if the substrate conditions and livestock
traffic make it difficult to find sign, as was the case in our
study.
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