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ABSTRACT Estimating densities of cougar (Puma concolor) is important for managing cougars and their prey
but remains challenging because of cougar’s elusive and solitary behavior. To evaluate a non-invasive, genetic
capture–recapture method to estimate cougar population size and density, we surveyed a 220-km2 area using
conservation detection dogs trained to locate scat over a 4-week sampling period in northeast Oregon.
We collected 272 scat samples and conducted DNA analysis on 249 samples from which we determined
individual identification from 73 samples that represented 21 cougars (9 males and 12 females). We evaluated
4models to estimate cougar densities: Huggins closed population capture–recapture (Huggins), CAPWIRE,
multiple detections with Poisson (MDP), and spatially explicit capture–recapture (SECR). Population
estimates for cougars using our study area were 26 (95% CI¼ 22–35, 9 males and 17 females) from Huggins
models, 24 (95% CI¼ 21–30, 9 males and 15 females) from CAPWIRE, and 27 (95% CI¼ 24–42, 9 males
and 18 females) from the MDP model. We accounted for the edge effect in density estimates caused by
individuals whose home ranges included only a portion of the survey grid by buffering the study area using the
mean home range radius of 8 cougars equipped with global positioning system collars on or near the study
area.We estimated densities of 4.6 cougars/100 km2 (95%CI¼ 3.8–8.3) for theHuggins model, 4.8 cougars/
100 km2 (95% CI¼ 4.2–7.8) for the MDP model, 4.2 cougars/100 km2 (95% CI¼ 3.3–5.3) for the
CAPWIRE model, and 5.0 cougars/100 km2 (95% CI¼ 3.2–7.7) for the SECR model. Our results
suggested estimating cougar densities using scat detection dogs could be feasible at a broader scale with less
effort than other methods currently being used. � 2014 The Wildlife Society.

KEY WORDS CAPWIRE, conservation detection dogs, cougar, density, mark-recapture, mountain lion, population
estimation, Puma concolor, scat detection dogs, SECR, spatially explicit capture–recapture.

Estimating densities of cougar (Puma concolor) is important
for conservation and management of cougars and their prey
but remains challenging. Cougars are difficult to enumerate
because of their large home ranges, low densities, and elusive
and solitary behavior. Traditional methods for estimating
abundance and density of cougars require several years
of extensive mark-recapture work, which violates closed
population assumptions (Ross and Jalkotzy 1992, Lindzey
et al. 1994, Logan and Sweanor 2001, Anderson and Lindzey
2005, Laundré et al. 2007), whereas non-invasive techniques
such as scent stations and track surveys lack accuracy and
precision (Choate et al. 2006). Recently, Russell et al. (2012)
estimated cougar densities in Montana by DNA analysis
using a combination of biodarting to obtain tissue samples of

cougars treed by hounds, and backtracking cougars during
the winter to obtain hair samples. From the samples collected
by both methods, enough individual cougars were identified
to estimate densities on a broad scale using spatially explicit
capture–recapture (SECR) models, eliminating the need for
multiple years of capturing cougars and associated issues
with open populations.
The use of conservation detection dogs in wildlife studies

has increased in conjunction with advances of genetic
techniques (Long et al. 2008), allowing for identification of
individuals from DNA extracted from scat (Ernest et al.
2000). Detection dogs are selected for their high drive and
search ability, and are trained using techniques similar to
drug, bomb, and search and rescue work. The highly sensitive
olfactory system of dogs allows them to discern and locate
target scat from large distances (Syrotuck 1972) while
ignoring scat from non-target species. Because of their high
drive and mobility, detection dogs can efficiently cover large,
remote areas with rugged terrain and locate obscure or
hidden samples. Detection dogs have been shown to be more
efficient than other methods such as cameras and hair snares
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for collecting carnivore data (Smith et al. 2001, Harrison
2006, Long et al. 2007). Although most studies employing
detection dogs to locate scat have focused on occupancy,
distribution, or relative abundance (Smith et al. 2005, 2006;
Reindl-Thompson et al. 2006; Vynne et al. 2009, 2011;
Stevenson et al. 2010), detection dogs have been used to
estimate grizzly bear (Ursus arctos) abundance in Alberta,
Canada (Wasser et al. 2004) and densities of fishers (Martes
pennanti) in northern California (Thompson et al. 2012).
Conventional capture–recapture closed population estima-

tors, such as Huggins models (Huggins 1989), provide an
abundance estimate for all individuals using the study area.
The population is assumed to be closed demographically
(no births or deaths) and geographically (no immigration
or emigration) during the course of sampling. When an
individual’s home range partially overlaps the study area,
capture heterogeneity is introduced because the individual is
less likely to be captured than an individual whose home
range is entirely within the study area. Abundance estimates
will be negatively biased if capture heterogeneity is
unaccounted for because individuals with high capture
probability are sampled disproportionately relative to
individuals with low capture probability. However, density
estimates will be positively biased by the inclusion of
individuals with only part of their home range on the study
area (White et al. 1982, Efford 2004). To correct for this
edge effect, a boundary strip equal to the mean home range
radius can be added to the study area to create an effective
trap area (Dice 1938, Bales et al. 2005).
When using genetic information collected from scat,

individuals may be detected multiple times within a single
sampling occasion; however, a drawback to conventional
capture–recapture models is only 1 capture is incorporated
per occasion, thus not utilizing all capture information.
Lukacs et al. (2007) addressed this issue by developing a
generalization of the closed population capture–recapture
models. This multiple detection with Poisson (MDP) model
uses the number of samples found for each individual during
each sampling occasion and allows the probability of every
possible number of samples per animal to be computed,
thus accounting for heterogeneity associated with varying
numbers of scat samples detected across individuals.
CAPWIRE (Miller et al. 2005) and BayesN (Petit and

Valiere 2006) are 2 recently developed analytical tools that
addressed the restriction of using only 1 capture per sampling
occasion by combining all captures into 1 session. Although
both estimators use multiple samples per occasion, we used
CAPWIRE because it includes the ability to estimate
capture heterogeneity.
Spatially explicit capture–recapture models incorporate

spatial point process models into capture–recapture sampling
frameworks by combining capture location data with
individual encounter histories (Borchers and Efford 2008;
Efford et al. 2009a, b; Gardner et al. 2009; Royle et al. 2009a,
b). An extension of SECR models was developed to estimate
densities of fishers in California that accounted for lack of
capture structure (no fixed trap locations) and variable survey
effort associated with detection dog surveys (Thompson et al.

2012). A further extension of SECR models was developed
to incorporate individual covariates into capture probabilities
of cougars in Montana (Russell et al. 2012). Density
estimates generated from SECR models are calculated by
determining numbers of activity centers in the survey area by
assigning a prior uniform distribution to individual activity
centers and modeling location-specific capture probabilities
as a function of the distance of the activity center to a capture
location.
In June and October 2007, fisher DNA was obtained from

scat collected using detection dogs on a 211-km2 study area
in California (Thompson et al. 2012). Given the success of
these methods to estimate densities of fishers, another elusive
animal occurring at low densities, we wanted to test similar
methods to estimate densities of cougars in northeast
Oregon. Our first objective was to evaluate the efficacy of a
non-invasive method using scat detection dogs to locate and
collect cougar scat and obtain unique genetic identification of
individual cougars. Our second objective was to compare and
evaluate 4 abundance estimators: Huggins closed population
capture–recapture (Huggins 1989), MDP (Lukacs et al.
2007), CAPWIRE (Miller et al. 2005), and SECR (Russell
et al. 2012) models for estimating cougar densities in
northeast Oregon.

STUDY AREA

We collected scat during 8 June to 4 July 2011 in a 220-km2

section of the Mt. Emily Wildlife Management Unit
(WMU) in northeast Oregon (Fig. 1). Land ownership
was a mixture of private, public, and Confederated Tribes
of the Umatilla Indian Reservation (CTUIR). Elevation
ranged from 536m to 1,426m. Annual precipitation
averaged 77.5 cm, and mean monthly high (18.78C) and
low (�1.98C) temperatures were in July and January,
respectively (Oregon Climate Service—http://www.ocs.
orst.edu/oregon-climate-data). Vegetation was a mosaic of
forest stands, shrub-dominated hillsides, and open grasslands

Figure 1. Location of the Mt. Emily Wildlife Management Unit and 220-
km2 study area where we collected cougar scat during 8 June to 4 July 2011 in
northeast Oregon, USA.
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and meadows. Ponderosa pine (Pinus ponderosa), Columbia
hawthorn (Crataegus columbiana), and black cottonwood
(Populus trichocarpa) were the dominant forest vegetation at
lower elevations and lodgepole pine (P. contorta), grand
fir (Abies grandis), western larch (Larix occidentalis), and
Douglas-fir (Pseudotsuga menziesii) dominated northerly
aspects and higher elevations. Common shrub species
included Himalayan blackberry (Rubus discolor), western
nine bark (Physocarpus capitatus), wild rose (Rosa nutkana),
wax current (Ribes cereum), and common snowberry
(Symphoricarpos albus). Grassland vegetation included blue-
bunch wheatgrass (Agropyron spicatum), Idaho fescue (Festuca
idahoensis), Sandberg’s bluegrass (Poa secunda), onespike
oatgrass (Danthonia unispicata), and Kentucky bluegrass (Poa
pratensis; Franklin and Dyrness 1973). Ungulate species
present within the study area included Rocky mountain elk
(Cervus canadensis nelsoni), mule deer (Odocoileus hemionus)
white-tailed deer (Odocoileus virginianus), and approximately
10 moose (Alces alces; Oregon Department of Fish and
Wildlife 2012). Feral horses (Equus caballus) resided on
the CTUIR, and domestic livestock (cattle and sheep) were
present seasonally on grazing allotments managed by the
United States Forest Service and the CTUIR. Other
carnivore species present included bobcat (Lynx rufus),
coyote (Canis latrans), black bear (Ursus americanus), and red
fox (Vulpes vulpes; Verts and Carraway 1998).

METHODS

Field Surveys
Detection dogs were trained (Packleader, LLC, Gig Harbor,
WA) using methods outlined in Wasser et al. (2004). After
finding cougar scat, dogs indicated by sitting next to scat
and were rewarded for locating the target species with
approximately 2minutes of play with a tennis ball. Dogs were
trained with cougar scat collected from multiple individuals
that resided within the Mt. Emily WMU, allowing them to
generalize across cougars. In addition to cougar and bobcat
scat, our dogs were trained to find prey remains at potential
cougar kill sites (Clark 2014). This resulted in the dogs
giving false positive indications on prey remains, which were
present in non-target scat (bear in particular) early in our
study. During the third week of the study, we trained the
dogs to avoid non-target scat that contained prey remains.
We selected a 225-km2 (15 km� 15 km) area that

represented typical cougar habitat and diversity of landown-
ership within the Mt. Emily WMU and overlapped the
largest number of radiocollared cougars. We excluded 5 km2

west of Interstate Highway 84 (I-84) from our survey area
because the interstate, which is the southern border of
the Mt. Emily WMU, was a barrier to cougar movement
(Beier 1995, Clark 2014). Two detection dog teams (each
comprised of a dog and handler) conducted 4 separate survey
sessions within each of 8 25-km2 and 1 20-km2 quadrats
within the 220-km2 study area (36 total surveys) from 8 June
to 4 July 2011 (Fig. 1). Within each 25-km2 quadrat, we
conducted 4 surveys in which we surveyed a randomly

selected 6.25-km2 subsection during each survey. Thus, we
did not sample the entire 25-km2 quadrat on any 1 survey.
While conducting an individual survey, we typically

traveled ridgelines to the head or bottom of drainages
then followed the drainages back to the starting point. We
continued this process until we had traversed approximately
10 km within the 6.25-km2 subsection of the quadrat. If
vegetation in the drainage bottomwas too dense to travel, the
dog handler walked the edge of the obstructing vegetation
while the dog traveled in and out of the densely vegetated
area. In terrain without well-defined ridgelines, we circum-
vented drainages, concentrating on interfaces between
exposed and forested areas. Each team surveyed 1 subsection
within a 25-km2 quadrat per day and both teams surveyed at
least 1 subsection within each quadrat over the course of the
study. When a dog located a scat, the handler rewarded the
dog, recorded the geographic coordinates, weather con-
ditions, suspected species (cougar, bobcat, bear, or coyote),
dog response (strong, moderate, or weak indication), scat
condition (moist, partially dry, or completely dry), scat odor
(strong, moderate, weak, or none), the presence of mold
on the scat, whether the scat was buried or deposited in a
scrape, exposure (full shade, partial shade, or exposed), and
general habitat features (forested, open grassland, or shrub-
dominated). We recorded as cougar if segmented, >20mm
and <40mm diameter, and contained prey remains; bobcat
or juvenile cougar if segmented, <20mm diameter and
contained prey remains; bear if segmented, >40mm, and
contained vegetative matter; coyote if lacked segmentation
with tapered ends; or unknown if scat was fragmented or not
solid when deposited. From each scat, we collected an
approximately 0.4-mL sample from the side of the scat and
immersed it into 1.5mL of DET buffer contained in a 2mL
screw-top tube (Stenglein et al. 2010). Handlers recorded
survey routes on handheld global positioning system units
(GPS: Garmin GPSMap 60CSx, Olathe, KS, USA). To
compare distances dogs versus handlers traveled, a GPS
collar worn by the dogs recorded their routes (Garmin Astro
220). In association with a concurrent cougar predation study
in the Mt. Emily WMU (Clark 2014), we captured cougars,
fitted them with GPS collars, and collected a tissue sample
for DNA analysis (see laboratory analysis methods below).
We identified individuals known to use our study area
(i.e., collared cougars) and compared these to individuals
identified from collected scat samples to assess the efficiency
of our methods.

Laboratory Analysis
We extracted DNA from fecal samples using the QIAamp
DNA Stool Mini Kit (Qiagen, Inc., Valencia, CA) in a
facility dedicated to low quality DNA samples. One negative
was included in each extraction to monitor for contamination
of reagents. The DNA was extracted from the tissue samples
using the DNeasy Blood and Tissue Kit (Qiagen, Inc.) and
included 1 negative control. Of the 249 fecal samples sent to
the laboratory, 197 were thought to be from cougars and thus
moved immediately to the individual genotyping analysis.
For the remaining 52 samples, species identification was
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necessary. If any of the 197 samples that were moved to
individual genotyping analysis failed to amplify, they were
analyzed using the species identification test described below.
The species of origin was determined using a predator-

specific fragment analysis test. The test targets mitochondrial
DNA and contains primers SIDL and H16145 (Murphy
et al. 2000), H3R (Dalén et al. 2004), which amplified
fragments from the control region, and primers FelidID
F 50-TACATACATGCYAACGGAGC-30, LRuf R 50-
CCGAATATTTCATGTCTCTGAA-30, and PCon R
50-ATGACCGCAAATAGTAGTATGA-30, which am-
plified fragments from the cytochrome b region. The
polymerase chain reaction (PCR) contained 1X QIAGEN
Multiplex PCR Master Mix, 0.5X Q-Solution, 0.29mM
of SIDL, 0.20mM of H16145, 0.13mM of FelidID F,
0.10mM of H3R, 0.03mM of LRuf R and PCon R, and
1mL of DNA extract in a 7-mL reaction volume. The
thermal profile was an initial denaturation step of 958C for
15minutes followed by 35 cycles of 948C for 30 seconds,
468C for 1.5minutes, and 728C for 1minute followed by
608C for 30minutes. Lab employees visualized PCR
products using a 3130xl DNA Sequencer (Applied Bio-
systems, Grand Island, NY) and scored fragment sizes using
Genemapper 3.7 (Applied Biosystems).
Ten microsatellite loci from the domestic cat (Menotti-

Raymond et al. 1999, 2005) were chosen for use in this study
based upon the number of alleles, observed heterozygosity,
their ability to be multiplexed, and their probability of
identity values as calculated in GIMLET 1.3 (Valiere 2002).
Sex identification for each sample occurred using the
amelogenin primers (Pilgrim et al. 2005). These 11 loci
were divided into 2 multiplex PCR reactions. Multiplex 1
contained 1X QIAGEN Multiplex PCR Master Mix, 0.5X
Q-Solution, 0.10mM of FCA090, FCA275, and FCA043,
0.13mM of F85, FCA126, and F124, 0.14mM of FCA096,
and 1.0mL of DNA extract in a 7-mL final reaction volume.
Multiplex 2 contained 1XQIAGENMultiplex PCRMaster
Mix, 0.5X Q-Solution, 0.07mM of FCA132 and FCA057,
0.10mM of FCA741 and Sex ID primers, and 1.0mL of
DNA extract in a 7-mL final reaction volume. The thermal
profile for both multiplexes was an initial denaturation step
of 958C for 15minutes followed by 14 cycles of 948C for
30 seconds, touchdown from 608C to 508C for 1.5minutes
and 728C for 1minute followed by 32 cycles of an annealing
temperature of 508C with a final elongation step of 608C for
30minutes. Laboratory employees visualized PCR products
using a 3130xl DNA Sequencer (Applied Biosystems)
and scored fragment sizes using Genemapper 3.7 (Applied
Biosystems).
Genotypes were screened for PCR amplification success

and genotype quality as in Stenglein et al. (2010). Briefly,
each sample was amplified twice with Multiplex 1 and all
samples that had a PCR amplification success rate of 50% of
the loci or greater were analyzed further to obtain a consensus
genotype. A heterozygous result was accepted after each
allele was observed twice in 2 independent PCRs. A
homozygous result was accepted after the allele was observed
in independent reactions. A sample was dropped from

further analysis if a consensus genotype was not obtained
after 5 PCR amplifications. For sex identification, a male
result was accepted once the Y allele was identified in 2
independent PCR amplifications. A female result was
accepted once the X allele was observed in 3 amplifications
in the absence of the Y allele.
We required a consensus genotype at 8 or more loci to

complete individual identification. Given the genetic
diversity levels for this population (see Table S1, available
online at www.onlinelibrary.wiley.com), a probability of
identity for siblings (PIDsibs) value of <0.003 was obtained
for 8 loci and a value of 0.0015 was obtained using all 10 loci
(Waits et al. 2001). Programs GIMLET 1.3 and GENA-
LEX 6.1 were used to match identical genotypes (Valiere
2002, Peakall and Smouse 2006). All identical genotypes
were scored as having come from 1 individual. If 2 genotypes
mismatched at 1 allele, and the mismatch could be due to
allelic dropout, the 2 genotypes were scored as having come
from the same individual. Genotypes that were only observed
once were tested for reliability using the program RELIO-
TYPE (Miller et al. 2002). Single genotypes with a reliability
score �85% were considered to be unique individuals that
were only sampled once. Single genotypes with a reliability
score <85% were amplified again until an 85% reliability
score or 5 total amplifications occurred. We evaluated if
each locus conformed to Hardy–Weinberg expectations
using GENEPOP (Raymond and Rousset 1995) and only
locus FCA090 showed a slight violation (P¼ 0.023).

Statistical Analysis
We used Huggins closed population capture–recapture
models (Huggins 1989) implemented in Program MARK
(White 2008), closed population models implemented in
CAPWIRE, and MDP models to estimate population size
(number of individuals using study area, N̂ ). We pooled
multiple captures of individuals within a survey into 1
encounter occasion for Huggins models. We evaluated 8
models in Program MARK that included all additive
combinations of time and sex-varying capture probability
and individual capture heterogeneity. We did not consider
behavior models because encountering an individual’s scat
was independent of previous encounters. For Huggins closed
capture models in Program MARK, we used Akaike’s
Information Criterion, adjusted for small samples (AICc), for
model selection (Hurvich and Tsai 1989). We considered a
model competitive if the difference in AICc value was
less than 2. For the MDP model (Lukacs et al. 2007),
we evaluated the effect of sex as a covariate on capture
probability. We evaluated the equal capturability model and
the 2 innate rates model for heterogeneity in CAPWIRE
(Miller et al. 2005) for males and females. We rejected the
equal capturability model when the likelihood value was
<0.10.
To calculate density estimates for the Huggins, MDP, and

CAPWIRE models, we estimated an effective trap area (Â)
separately for males and females by buffering the study area
by the mean 95% minimum convex polygon (MCP) home
range radius calculated in ArcGIS (Version 9.2, ESRI,
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Redlands, CA). We did not buffer west of Interstate
Highway 84 (I-84) because the interstate was a barrier to
cougar movement. We felt MCPs accurately reflected the
territory boundaries to estimate home range size because
cougars occupy the entire habitat within the study area,
therefore, the MCPs do not incorporate unused habitat. We
calculated home ranges from GPS location data obtained
from 4 female and 4 male cougars that resided on or adjacent
to the study area. We calculated density by dividing N̂
from the selected Huggins capture–recapture, MDP, and
CAPWIRE models by Â . We tested the assumption of
demographic closure using software Close Test (Stanley and
Burnham 1999).
We estimated density using an SECR model modified by

Russell et al. (2012). We used a post hoc grid size of 1 km2

and assigned a survey effort to each grid equal to the length of
the handler survey route contained within the cell. We
assigned captures to the center point of the grid cell in which
we collected the scat. We used a study area buffer of 10 km,
resulting in a 1,225-km2 state-space. We fit 8 models that
incorporated effort, sex, and the scaling factor on the distance
effect in the detection function (s) into detection probabili-
ties (larger values for s indicate a slower decline in the
detection function at greater distances from activity centers).
We ranmodels for 40,000 iterations with 10,000 iterations as
burn-in. Starting values for model parameters were as
follows: s¼ 1, encounter rate (log (l0))¼ 0, all b’s¼ 0,
Csex¼ 0.5, where Csex¼ the estimated proportion of males in
the sampled population, and sex of cougars with unknown
sex estimated as a Bernoulli probability distribution, Bern
(Csex). We report 95% credible intervals calculated from the
posterior distribution, with 2.5% of the values above and
below the interval.

RESULTS

We surveyed 365 km over 36 surveys and collected 272 scat
samples (1 sample/1.43 km). We removed 23 samples
because their physical attributes indicated they were non-
target species. Of the 249 samples sent to the laboratory, 171
were cougar (68.7%), 23 were bobcat (9.2%), 17 were non-
target species (6.8%), and 38 failed to amplify (15.3%). We
identified individual cougars from 73 of 171 samples (42.7%)
resulting in 21 individual cougars (9 males and 12 females;
Table 1). Number of captures varied from 1 capture for
7 individuals to 11 captures for 1 individual (Fig. 2). After

additional dog training conducted before the third sampling
session, the dog’s ability to identify target species increased
from 84.3% during the first half of the study to 96.4% during
the second half. Comparison of survey routes of detection
dogs versus their handlers indicated that both dogs traveled
an average of 2.0 times the distance of the handler.
Four GPS-collared cougars used our study area from

8 April to 4 July 2011, and we collected at least 1 scat sample
from each of these cougars (�x¼ 3.3, range¼ 1–11). We used
a mean home range radius of 8.0 km for males and 4.8 km
females (Clark 2014) to buffer our study area, resulting in an
effective trapping area of 741 km2 and 509 km2 for males
and females, respectively. The top AICc ranked Huggins
capture–recapture model from Program MARK included an
additive effect of sex in capture probabilities and accounted
for 84.2% of the model weights (Table 2). We used the top-
ranked model to estimate densities since its model weight
was 84.2%; and models with and without heterogeneity do
not produce comparable likelihoods, so model averaging
across these different data types is not possible. From the
top-ranked Huggins capture–recapture closed population
model (Table 2), capture probability estimates were 0.67
(SE¼ 0.08) for males and 0.25 (SE¼ 0.09) for females,
and N̂ was 26 (95% CI¼ 22–35, 9 males and 17 females).
The density estimate was 4.6 cougars/100 km2 (95%
CI¼ 3.8–8.3) composed of 3.4 females/100 km2 (95%
CI¼ 1.5–5.2) and 1.2 males/100 km2 (95% CI¼ 1.2–1.2;
Fig. 3).

Table 1. Summary of scat samples collected and number of cougars identified during 4 surveys by detection dog teams conducted 8 June to 4 July 2011 in the
Mt. Emily Wildlife Management Unit, Oregon, USA.

Session No. scat samples No. capturesa No. unique individuals Males Females No. new individualsb

1 48 13 8 5 3 8
2 65 18 12 6 6 8
3 68 25 11 8 3 2
4 70 17 10 4 6 3
Total 251 73 41 23 18 21

a Number of scat samples that resulted in individual identification.
b New individuals identified in each of the 4 sessions.

Figure 2. Capture frequencies of male and female cougars in the Mt. Emily
Wildlife Management Unit, Oregon, USA. Capture is defined as an
individual identified from scat collected during 8 June to 4 July 2011.
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The top model from CAPWIRE included capture
heterogeneity for males (likelihood ratio test¼ 0.379 for
females and 0.001 for males) and N̂ was 24 (95% CI¼ 21–
30, 9 males and 15 females). The density estimate was 4.2
cougars/100 km2 (95% CI¼ 3.3–5.3) with estimates of 3.0
females/100 km2 (95% CI¼ 2.4–3.9) and 1.2 males/100 km2

(95% CI¼ 1.2–1.4; Fig. 3).
Results from the MDP model included sex as a covariate

and estimated N̂ ¼ 27 (95% CI¼ 24–42, 9 males and 18
females). The density estimate was 4.8 cougars/100 km2

(95% CI¼ 4.2–7.8) with 3.5 females/100 km2 (95% CI¼
3.0–6.5) and 1.2 males/100 km2 (95% CI¼ 1.2–1.4; Fig. 3).
Density estimates from SECR models ranged from 2.3

cougars/100 km2 (95% CI¼ 1.9–3.1) for the base model,
which included only the distance effect in the detection
function (s), to 5.1 cougars/100 km2 (95% CI¼ 3.0–8.4) for
the full model, which included effects of distance, sex, effort,
and distance� sex (Table 3). The SECRmodels output total
cougar density and proportion of males in the population

rather than separate density estimates by sex. Estimates for
the proportion of males in the population (Csex) ranged from
0.17 for model distanceþ sexþ sex� distance to 0.43 for the
base model. Values for the scaling factor on the distance
effect in the detection function in models that contained
sex� distance were greater for males, resulting in greater
capture probability for males than females and indicating
males were detectable at a greater distance from their activity
center. Also, 95% credible intervals were positive for effort,
resulting in an increase in capture probability with an
increase in effort (Table 4).

DISCUSSION

This study demonstrated the efficacy of using conservation
detection dogs to collect cougar scat, similar to findings from
other carnivore species (Smith et al. 2001, Harrison 2006,
Long et al. 2007).We collected 272 scat samples over 18 days
using 2 dog-handler teams, and were able to amplify DNA to
an individual level for 73 samples, which resulted in high
capture probabilities. From Program MARK results, the
probability of a dog finding a cougar’s scat on the landscape
(given scat was available) in any of the 4 surveys was 0.99
(SE¼ 0.02) for males and 0.68 (SE¼ 0.09) for females
(per session capture probability: 0.67 for males and 0.25 for
females). As a result, we were not surprised that we collected
scat from all 4 GPS-collared cougars known to occupy a
portion of our study area. Our reported capture probabilities
were the largest observed for any studies conducted with
wild felids (Karanth and Nichols 1998, O’Brien et al. 2003,
Trolle and Kéry 2003, Choate et al. 2006), which further
highlighted the benefits of using scat detecting dogs to
estimate cougar densities.
Because we used scat to identify individuals in our study,

determining the age of the cougars captured was not possible;
therefore, estimates included adults, subadults, and juveniles
old enough to leave den sites (mobile juveniles). Because
of the inclusion of mobile juveniles, direct comparisons of
density estimates from this study to density estimates
obtained from different methods should be taken with
caution. Adding mobile juveniles to the population could

Table 2. Model selection results of closed population capture–recapture
models implemented in Program MARK to estimate population size of
cougars in the Mt. Emily Wildlife Management Unit in northeast Oregon,
USA. We ranked our candidate model set using Akaike’s Information
Criterion for small sample size (AICc). M0¼ constant capture probability,
Mt¼ time varying capture probability, Mh¼ heterogeneous capture
probability, and Msex¼ capture probability varying by sex. We report
difference between AICc and that of the top model (DAICc), Akaike’s
weight (wi), log-likelihood (LL), and number of parameters (K).

Model DAICc wi LL K

Msex 0.0 0.842 1.000 4
MhþMsex 4.9 0.071 0.084 7
MtþMsex 5.3 0.061 0.072 7
M0 9.1 0.009 0.010 3
MhþMtþMsex 9.2 0.008 0.010 9
Mh 9.3 0.008 0.010 5
Mt 14.3 0.001 0.001 6
MhþMt 14.6 0.001 0.001 8

Figure 3. Density estimates (cougars/100 km2) with 95% confidence or
credible intervals calculated from 4 separate estimators for cougars in theMt.
Emily Management Unit, Oregon, USA. We calculated estimates from a
capture–recapture (C–R) model from Huggins closed capture models, a
CAPWIRE single session estimator, a multiple detections with Poisson
model (MDP), and a spatially explicit capture–recapture (SECR)model that
included distance, survey effort, and distance� sex in detection probability.

Table 3. Density estimates (cougars per 100 km2) of cougars during
summer of 2011 in a 220-km2 portion of the Mt. Emily Wildlife
Management Unit, Oregon, USA. We generated estimates from spatially
explicit capture–recapture models. Distance is the scaling factor (s) on the
distance effect on detection probabilities (larger values for s indicate a
slower decline in the detection function at greater distances from activity
centers), and effort is the search effort (in meters).

Model
Mean
density

Median
density 95% CI

Distance 2.34 2.29 1.88–3.10
Effortþ distance 2.31 2.29 1.80–3.02
Distanceþ sex� distance 5.14 4.98 3.18–8.00
Distanceþ sex 3.84 3.51 2.2–7.18
Distanceþ sexþ sex� distance 5.50 5.22 3.27–9.06
Distanceþ effortþ sex 4.07 3.76 2.29–7.84
Distanceþ effortþ sex� distance 5.00 4.82 3.18–7.67
Distanceþ effortþ sexþ sex� distance 5.14 4.90 3.02–8.41
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increase traditional population estimates that only included
adults and subadults by approximately 30% (assuming 30% of
population is juveniles 2–12 months of age; Logan and
Sweanor 2001). Reducing our estimated densities by 30%
resulted in estimates of 2.9–3.5 sub-adult and adult cougars
per 100 km2, which local biologists feel is a reasonable
density for this area (S. Findholt, Oregon Department of
Fish andWildlife, personal communication). These adjusted
density estimates are not disproportionate with others in the
western United States and Canada (Wyoming: 3.4–4.5
cougars/100 km2 (Logan et al. 1986), Alberta: 5.03 cougars/
100 km2 (Ross and Jalkotzy 1992), and Utah: 1.2–3.2
cougars/100 km2 (Choate et al. 2006)).
Because females with juveniles have a higher kill rate than

solitary females and males (Knopff et al. 2010), mobile
juveniles should be included in density estimates as they
indirectly contribute to the effect of cougars on ungulate
populations. However, because females typically hunt
without their young (Barnhurst and Lindsay 1989, Logan
and Sweanor 2001), movement rates of juveniles will be less
than adults, resulting in lower capture probabilities for
juveniles than adults and subadults. Although CAPWIRE
models accounted for heterogeneity in capture probabilities
of males, which could have been due to capture heterogeneity
between adults and juveniles, the top model in neither

Program MARK, MDP, nor SECR models incorporated
heterogeneity (other than sex) in their respective estimates.
Estimates not accounting for this heterogeneity would
underestimate the adult portion of the population and result
in a negatively biased density estimate. Further research with
these techniques on populations with marked juveniles could
greatly improve estimates by enabling capture probability
estimates for adults and juveniles. Alternatively, improve-
ment of DNA laboratory methods to determine age of
individuals from scat could enable direct modeling of
detection probabilities by age class. Age determination would
result in more accurate density estimates and the ability to
identify population size of independently aged animals.
Similar work in aging animals based on DNA telomere
length has been done with American and Pacific martens
(Martes americana and M. caurina; Pauli et al. 2011). Given
the small study area size relative to a cougar’s home range,
transients were likely available for capture. Transients are
also important to include in density estimates, because at any
given time a certain number of transients are present and
these cougars also affect ungulate populations (Knopff et al.
2010).
Comparing survey efforts between scat surveys using

conservation detection dogs and other methods for cougars
reveals a major advantage in effort per sample collected for

Table 4. Parameter estimates from spatially explicit capture–recapture models of cougars in the Mt. Emily Wildlife Management Unit, Oregon, USA. The
95% CI is range between the lower and upper Bayesian credible intervals. Sigma (s) represents a scaling factor on the distance effect in the detection function
(this parameter can be estimated separately by sex). Larger values for s indicate a slower decline in the detection function at greater distances from activity
centers, Csex is the probability a cougar in the sampled population is male, and the b parameters denote the effect of survey effort (km traveled), and cougar sex
on the detection probability.

Model Female s Male s beffort bsex Csex

Distance
Mean 3.33 3.33 0.00 0.00 0.43
Median 2.29 2.29 0.00 0.00 0.43
95% CI 2.72–4.09 2.72–4.09 0.00 0.00 0.23–0.65

Effortþ distance
Mean 3.35 3.35 1.02 0.00 0.43
Median 3.33 3.33 1.03 0.00 0.43
95% CI 2.69–4.07 2.69–4.07 0.69–1.30 0.00 0.23–0.65

Distanceþ sex� distance
Mean 1.46 4.03 0.00 0.00 0.18
Median 1.45 3.98 0.00 0.00 0.17
95% CI 1.15–1.88 3.18–5.19 0.00 0.00 0.07–0.35

Distanceþ sex
Mean 3.26 3.26 0.00 1.52 0.28
Median 3.23 3.23 0.00 1.51 0.26
95% CI 2.64–4.12 2.64–4.12 0.00 0.55–2.49 0.10–0.52

Distanceþ sexþ sex� distance
Mean 1.53 4.01 0.00 0.31 0.17
Median 1.50 3.98 0.00 0.31 0.16
95% CI 1.15–2.05 3.09–5.20 0.00 �0.73–1.4 0.06–0.34

Distanceþ effortþ sex
Mean 3.20 3.20 1.09 1.60 0.27
Median 3.17 3.17 1.08 1.59 0.25
95% CI 2.59–3.99 2.59–3.99 0.74–1.45 0.52–2.71 0.09–0.51

Distanceþ effortþ sex� distance
Mean 1.45 4.03 0.99 0.00 0.18
Median 1.43 3.98 0.98 0.00 0.18
95% CI 1.15–1.87 3.15–5.18 0.69–1.34 0.00 0.08–0.35

Distanceþ effortþ sexþ sex� distance
Mean 1.47 3.97 0.89 0.06 0.18
Median 1.44 3.91 0.88 0.05 0.17
95% CI 1.10–2.03 3.06–5.14 0.59–1.21 �0.94–1.18 0.07–0.35
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detection dog scat surveys. This study involved 36 survey
days using 2 dog teams consisting of a dog and handler for
a total of 720 personnel-hours (averaging 10-hr days). In
Montana, Russell et al. (2012) used a combination of pursuit
dogs to tree cougars to collect genetic samples from biopsy
samples and human observers that snow-tracked cougars to
collect hair samples. This effort required approximately
2,695 personnel-hours (77 days� 2 dog teamsþ 77 days� 1
tracking team with an average of 1.5 people per day, each
team averaging 10 hr per day) to obtain 72 capture events
compared to 73 from our study. Comparing to Russell et al.
(2012), our sampled area was approximately 90% (220 km2

vs. approximately 2,300 km2) smaller and our effort was
73% (720 vs. 2,695 personnel-hr) less. This resulted in
approximately 3 times the sampling effort per unit area and
greater captures per unit effort. Broadening the scale of our
study with the same effort per area would very likely result in
more captures; however, the effort to achieve this would
likely need to be reduced because of logistical and financial
restraints. Thus, conservation detection dogs appear to
provide a non-invasive alternative to Russell et al. (2012) that
appears to be at least as efficient. This method could be used
when using hounds to pursue and tree cougars is not feasible,
such as with threatened and endangered species, or during
seasons when hounds may pursue bears in addition to
cougars. Costs of methods can vary depending on a number
of factors such as commercial company used for detection
dogs, personnel (volunteers, technicians, biologists), type of
collars used for capture work, and laboratory fees for DNA
analysis. For this reason, we chose to supply a table of
materials and personnel required for 3 methods of obtaining
cougar density estimates (Table 5).
Using Close Test (Stanley and Burnham 1999), we found

marginal evidence for geographic closure violation
(x2

2 ¼ 5.35, P¼ 0.07). This was not surprising because our
study area was small relative to a cougar’s home range, and
cougars would be expected to move on and off our 220-km2

study area. For closed population models, we compensated
for the lack of geographic closure by buffering our effective
trapping area. Because of the relatively small size of our
sampling area (220 km2), applying the buffer of the home
range radius resulted in effective areas that were much larger
than our sampling area (741 km2 for males and 509 km2 for
females). Increasing sampling area would lessen this effect
but require more sampling effort to achieve similar precision.
We chose to use closed population models even though
meeting the assumption of closed populations was difficult to

assert with 100% certainty. However, we believe our study
population was effectively closed during our sampling time
frame because of the relatively short time window when we
conducted our sampling.
Cougars give birth and disperse year round (Logan and

Sweanor 2001) and are hunted annually in Oregon (Oregon
Department of Fish and Wildlife 2006). For these reasons,
we acknowledge our population may not have been
demographically closed. However, because of our short
survey season, we believe the probability of large changes in
population size and composition was low and any potential
violations of demographic closure had minimal effects on our
results. We did not document any cougar mortalities within
or near our sampling unit within 3months prior to our survey
through the mandatory reporting of harvested cougars and
none of our radio-marked cougars died during this time.
Sub-adult males appear to establish small transient home
ranges during dispersal, theoretically to acquire prey and to
avoid territorial males (Beier 1995, Logan and Sweanor
2001). Sub-adult females tend to be highly philopatric thus
less likely to move on or off our study area (Beier 1995,
Logan and Sweanor 2001). Although some movement of
sub-adult cougars could have occurred, we believe emigration
and immigration was minimal over our 1-month sampling
period. Furthermore, we did not document any radiocollared
females giving birth 3 months prior or during our sampling
interval even though this time of year is peak birthing time
for cougars. Since newborn cougars are restricted to nursery
sites, we likely only collected scat from mobile juveniles,
(>6–8 weeks old; Logan and Sweanor 2001). Juveniles born
during April or early May could have become available for
sampling during our sampling period, thus violating
demographic closure. To lessen detections of recently born
juveniles, sampling for future studies could be conducted 1 or
2 months earlier (Apr to May) because few cougars are born
during winter months (Logan and Sweanor 2001).
We considered conducting sampling during winter, which

could have increased our chances of only collecting fresh scat,
but we rejected this for 3 reasons. First, access to higher
elevations would be limited due to snow conditions, and scat
collected at lower elevations could be degraded by extremely
wet conditions. Although dogs are able to detect scents under
snow, this may reduce the distance at which they can detect
scat, and would require digging through snow to obtain scat
samples for genetic analysis. Finally, if cougars moved to
lower elevations in response to seasonal movements of prey,
and we sampled these areas only because of access, our

Table 5. Related expenses and effort comparison of 3 methods used for estimating cougar densities.

Method Expenses Effort

Detection dogs (our study) Dog teams (1 dog and handler) 2.03 capture events per dog team day
DNA storage and analysis

Traditional capture–recapture
(Ross and Jalkotzy 1992, Lindzey et al. 1994,
Logan and Sweanor 2001)

Capture teams (dogs, handler, biologists)
Collars
Monitoring

Multi-year

Biodart capture–recapture (Russell et al. 2012) Capture work teams (avg. 1.5 people) 0.31 capture events per capture team day
Biodart materials
DNA storage and analysis
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estimates of density would be positively biased. Without
detailed information on seasonal movements of cougars,
determining if the densities were artificially inflated would be
impossible because of seasonal movement patterns.We chose
June to July as our survey period partially out of logistical
reasons. Originally, we planned to begin surveys when snow
melted in late April to allow access to higher elevation
terrain. However, rainfall during spring 2011 was abnormally
high, so we delayed surveys to lessen the chance of
degradation of DNA due to rain and to be able to safely
cross streams in the area.
Even though scat can persist in the field and be detected by

dogs for over 3 months (Hunter 2011), nuclear DNA used
for individual identification degrades rapidly and large
declines in DNA amplification success are often detected
between days 3 and 7 (Piggott 2004, Murphy et al. 2007,
Santini et al. 2007, Panasci et al. 2011, DeMay et al. 2013).
Because we collected all scat regardless of condition, some
samples could have been old enough to violate closure
assumptions. However, very few (if any) of these scats are
likely to have produced a successful individual identification
since all samples that amplified at less than 50% of the loci
were removed from analyses, and PCR amplification success
rates for carnivore samples older than 2 months were 0–39%
(�x¼ 19%; Piggott 2004, Murphy et al. 2007). Furthermore,
DNA degradation rates are greater in wet (Piggott 2004,
Murphy et al. 2007, Brinkman et al. 2010) and hot
environments (Nsubuga et al. 2004, DeMay et al. 2013) and
less in dry and cold environments (Lucchini et al. 2002,
Adams et al. 2011).
In addition to geographic and demographic closure, an

assumption of closed models is that individuals must have a
non-zero probability of being captured (Otis et al. 1978). For
individuals whose home ranges overlap the study area, this
assumption would not always be met if sighting or capturing
the individual was required as in traditional mark-recapture
studies. Because scat could have been deposited when the
cougar was in its portion of home range that included the study
area, the scat (i.e., the individual) was likely present somewhere
within the survey area during our sampling interval.

Comparison of Estimators
Closed models (Huggins in Program MARK, CAPWIRE,
and MDP) assume no deaths, births, immigration, or
emigration during the duration of the study. A criticism of
using home range radius for a buffer to calculate effective area
is that home range data is not always available (Wilson and
Anderson 1985) and home range estimation from trapping
data can be biased (Efford 2004).We were comfortable using
home range radius as a buffer to calculate effective area
because we had GPS data available for 8 cougars with home
ranges on or adjacent to our study area (4 females and
4 males). The alternative method of using mean maximum
distance moved would underestimate buffer size because our
study area was small relative to cougar’s home range.
Therefore, we would not capture actual distances moved,
resulting in a smaller buffer width and positively biased
density estimates.

The Huggins closed capture–recapture model used in
ProgramMARK can incorporate heterogeneity, but multiple
captures in 1 survey are collapsed into 1 capture, thus not
utilizing all data and likely increasing variance. This was
evident in the broader confidence intervals of density
estimates from Program MARK. An advantage of the
Huggins model is capture probabilities are estimated,
allowing heterogeneity of capture probabilities between
males and females to be modeled. Although our results
revealed no support for heterogeneity within sexes, Huggins
models have the capability of modeling this type of
heterogeneity.
CAPWIRE incorporates heterogeneity, makes use of

multiple samples of an individual, and collapses all surveys
into a single survey occasion. CAPWIRE works well for
small populations (<100;Miller et al. 2005, Puechmaille and
Petit 2007), and our population estimates were within this
range (N̂ ¼ 24). CAPWIRE does not have the flexibility of
modeling covariates, so separate models must be run for
males and females if capture heterogeneity is apparent
between sexes.
The MDP model makes use of multiple samples of an

individual from the same sampling occasion matching each
genotype to account for the heterogeneity in capture
probability caused by varying numbers of scat produced
per individual. The MDP model performed well with
simulated data (Lukacs et al. 2007), particularly when
heterogeneity was present. Although Lukacs et al. (2007) has
been cited in 12 journal articles, we were unable to find any
published study in which theMDPmodel was used. Because
this model is not widely recognized, no software is readily
available to implement the model. Consequently, the user
must have programming experience and be able to replicate
models described in Lukacs et al. (2007).
The SECR models directly estimate density by combining

location data provided by capture locations with individual
encounter histories (Borchers and Efford 2008; Efford et al.
2009a, b; Gardner et al. 2009; Royle et al. 2009a, b).
A benefit of SECR models applied to surveys conducted by
scat detection dogs is that these models can account for
unstructured and variable survey effort (Thompson et al.
2012). Another advantage of SECR models is that it relaxes
the assumption of geographic closure by calculating activity
centers; therefore, calculation of an ad hoc buffer to estimate
density is unnecessary. The SECR model assumes circular
home ranges, which could be biologically unreasonable for
cougars. However, violation of this assumption under-
estimates variance but does not bias the estimate (Efford
2004). We felt home range approximation using MCP was
justified for our homogeneous landscape. Home ranges of
8 cougars on or adjacent to our study area were roughly
circular, so assuming circular home ranges may not be
overreaching. Because male home ranges are larger than
females (Ross and Jalkotzy 1992, Logan and Sweanor 2001),
we expected the outcome of ssex (scaling factor on the
distance effect in the detection function estimated separately
by sex). Without ssex in the model, bsex was positive,
indicating heterogeneity in capture probability. However,
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when ssex was incorporated with bsex in the models, bsex
values overlapped 0, not supporting behavioral heterogeneity
of capture probabilities between sexes. More specifically,
SECR models indicated capture probabilities were more a
function of home range size rather than differing behaviors
between sexes (e.g., scent marking). Therefore, we chose the
model distanceþ effortþ sex� distance as a reasonable
representative model from the model set. Although SECR
models eliminated the need for the controversial method of
incorporating effective trapping area, the credible intervals
from our estimates (3.18–7.67 for model distanceþ effort
þ sex� distance) may limit its usefulness if greater uncer-
tainty is not a reflection of limited data. However, credible
intervals of estimates from SECR models could be made
more precise by broadening the geographic scale of the study
area and increasing the number of capture events.

MANAGEMENT IMPLICATIONS

Although our sampling area was relatively small, our study
demonstrated the feasibility of using scat detection dogs to
estimate cougar populations. With additional survey effort
this method could be used to estimate cougar populations at a
broader scale. The reduced survey time and effort of this
method compared to traditional methods of cougar
enumeration could make it affordable for agencies to
monitor cougar populations more frequently while expand-
ing monitored areas within state boundaries. Existing cougar
population models could be calibrated by incorporating
density estimates from key areas across management
boundaries (e.g., management unit, watershed, or region).
Cougar management is a socially contentious issue where
population estimates are often questioned. Accurate and
precise estimates of cougar densities using this science-based
method will allow managers to make more informed and
defensible decisions regarding cougar management.
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Marinho-Filho, M. B. R. Neto, C. Pomilla, L. Silveira, H. Smith, and
S. K. Wasser. 2011. Effectiveness of scat-detection dogs in determining
species presence in a tropical savanna landscape. Conservation Biology
25:154–162.

Waits, L. P., G. Luikart, and P. Taberlet. 2001. Estimating the probability
of identity among genotypes in natural populations: Cautions and
guidelines. Molecular Ecology 10:249–256.

Wasser, S. K., B. Davenport, E. R. Ramage, K. E. Hunt, M. Parker, C.
Clarke, and G. Stenhouse. 2004. Scat detection dogs in wildlife research
andmanagement: Application to grizzly and black bears in the Yellowhead
Ecosystem, Alberta, Canada. Canadian Journal of Zoology 82:475–492.

White, G. C. 2008. Closed population estimation models and their
extensions in Program MARK. Environmental and Ecological Statistics
15:89–99.

White, G. C., D. R. Anderson, K. P. Burnham, and D. L. Otis. 1982.
Capture-recapture and removal methods for sampling closed populations.
Los Alamos National Laboratory Rep. LA-8787-NERP, Los Alamos,
New Mexico, USA.

Wilson, K. R., and D. R. Anderson. 1985. Evaluation of two density
estimators of small mammal population size. Journal of Mammalogy
66:13–21.

Associate Editor: Kevin McKelvey.

SUPPORTING INFORMATION

Additional supporting information may be found in the
online version of this article at the publisher’s web-site.

1114 The Journal of Wildlife Management � 78(6)


