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SHORT COMMUNICATIONS
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Abstract: Hair samples obtained from barbed wire can
identify bears from DNA, assess trophic position from
stable isotopes, and yield other data. For brown bears
(Ursus arctos), a wire height of 50 cm has become stan-
dard protocol, but the efficacy of this height has not been
evaluated. Here, we briefly review this protocol, and use
data from wires across small streams in Alaska to calcu-
late the probability that barbs at a given height obtained
samples. We obtained 1,939 hair samples between 2012
and 2019 for an overall daily sampling success rate per
barb of 1.55%. Samples were obtained over the range of
barb heights (6–97.5 cm), but daily success rate varied
from 0.2% at the lowest and highest barbs to 2% from 40
to 70 cm in height. Thus, 50 cm was an effective height
and a wider range yielded similar success rates, though
wire height may be selective for bears with respect to size
and other traits.
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Noninvasive sampling is often used in wildlife biol-
ogy to maximize human safety, reduce costs and dis-
turbance to the animals being studied, and investigate
individuals and species that are difficult to physically cap-
ture or observe directly. Techniques include, but are not
limited to, remote cameras and collection of feathers, fe-
ces, hair, and shed DNA (Waits and Paetkau 2005, Car-
avaggi et al. 2017, Carroll et al. 2018). In the case of bears
(e.g., brown–grizzly bears [Ursus arctos] and American
black bears [U. americanus]), and many other species

4 email: tquinn@uw.edu

(Lamb et al. 2019), DNA extracted from hair samples
can identify individuals and thus contribute to popula-
tion assessment (Mowat and Strobeck 2000, Boulanger
et al. 2004, Sawaya et al. 2012), and investigate habi-
tat fragmentation patterns (Proctor et al. 2012), restored
connectivity (Proctor et al. 2018), and movement ecology
(Wirsing et al. 2018). Hair samples can also yield data on
trophic position, inferred from stable isotopes of carbon
and nitrogen (Hilderbrand et al. 1996, Adams et al. 2017,
Bonin et al. 2020), and mercury (Felicetti et al. 2004, Van
Daele et al. 2013).

Hair samples from bears (and other animals) can be
obtained by several techniques that do not require han-
dling a live animal or sampling a dead one (Kendall and
McKelvey 2008, Berezowska-Cnota et al. 2017). For ex-
ample, Beier et al. (2005) developed a single-use snare
that was successfully deployed to sample bears during
their natural movements, and researchers have also taken
advantage of trees used by bears for rubbing (Boulanger
et al. 2008, Morehouse and Boyce 2016, Berezowska-
Cnota et al. 2017). However, in some areas the lower
density of bears or elements of the study design neces-
sitate or allow the attraction of bears with scented bait
to rubbing posts outfitted with barbed wire or brushes,
or to bait placed within a corral with barbed wire strung
from posts (Woods et al. 1999). Many studies have spec-
ified that the wire was deployed at or about 50 cm off the
ground to obtain samples from bears that contact the wire
(Woods et al. 1999, Mowat and Strobeck 2000, Beier et al.
2005, Clevenger and Sawaya 2010, Proctor et al. 2010,
Sawaya et al. 2012, Berezowska-Cnota et al. 2017). In-
deed, this value is often referred to as the standard pro-
tocol for grizzly or brown bears, and applied to other
species as well, primarily American black bears, but also
other bear species around the globe (Miura and Oka 2003,
Viteri and Waits 2009, Kadariya et al. 2018, Tee et al.
2020).

In some cases, 2 wires are set simultaneously at dif-
ferent heights, including 20 and 50 cm for black bears
(Dreher et al. 2007, Gurney et al. 2020) and 30 and 60 cm
for grizzly bears (Boulanger et al. 2006), but explicit eval-
uation of the importance of wire height does not seem to
have been reported, or even how the 50-cm value was de-
termined. The hair-snag DNA survey was developed in
1995 in a pilot study within the West Slopes Grizzly Bear
Project in the interior of British Columbia (Woods et al.
1999). At each of 20 sites within a 2-month spring–early
summer period, several methods were tested to sample
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2 SHORT COMMUNICATIONS

Table 1. The number of barbs (above dry land and the stream), number of brown bear (Ursus arctos) hair
samples obtained, and number of days the wire was deployed from 2012 to 2019 for each of 7 barbed wires
deployed on 6 streams in Bristol Bay, Alaska, USA.

Ground Water Total

Wire Barbs Samples Barbs Samples Barbs Samples Days

Bear Creek 2 76 437 76 437 271
Eagle Creek 3 70 192 36 168 106 360 224
Hansen Creek 3 25 96 19 100 44 196 268
Hansen Creek 4 35 168 28 174 63 342 224
Happy Creek 2 21 22 50 160 71 182 268
Whitefish Creek 2 21 28 41 88 62 116 264
Yako Creek 2 46 260 29 46 75 306 264
Total 218 766 279 1,173 497 1,939

hair from black and grizzly bears, including wire brushes
on a log at the entrance to a scent lure on a tree, and
a barbed-wire ‘corral’ surrounding a scent lure, wherein
hair is left on the wire barbs as a bear enters the corral to
investigate the scent.

The 50-cm wire height was an estimation, intended
to require a bear passing the wire to rub on it (i.e., too
low to go under easily, and too high to step over with-
out rubbing and leaving hair). It was challenging to set a
standard height that would accommodate small (yearlings
and 2-yr-olds) and larger (adult male grizzly) bears. By
coincidence, 50 cm was the knee height of the researcher
doing the pilot study (MP), facilitating deployment at this
height without repeated measurements. The barbed-wire
corral was the most effective of the methods tested, and
the relatively similar proportions of hairs collected from
bears that went under and over the wire (inferred from the
hair’s position on the 4-point barbs) indicated that 50 cm
was suitable for collecting hairs for various-sized bears in
the study area. Maintaining this height was complicated
by uneven ground at each site, and we used various tech-
niques to keep the wire close to 50 cm over high or low
spots (e.g., filling depressions with logs or thick brush,
or suspending a rock from the wire to better follow the
ground’s contour).

In this paper we report data collected from barbed
wires deployed to sample hair from brown bears travelling
along small streams in southwestern Alaska where they
feed on adult sockeye salmon (Oncorhynchus nerka). The
wires were attached to trees spanning the stream with
50 cm as the goal, but height varied from <50 cm at
the trees to >50 cm at midstream for a total range of
6–97.5 cm. To identify an optimal wire height or range,
we asked how wire height affected the probability of hair
sample collection using these data.

Methods
From 2012 to 2019, we deployed barbed wire across

6 small streams that flow into Lake Aleknagik, in the
Bristol Bay region of southwestern Alaska (University of
Washington Institutional Animal Care and Use Commit-
tees #4226-05). We paired the wires with cameras and
intended them initially to characterize diel and seasonal
patterns of bear activity for comparison with the timing of
salmon runs in the different streams (Quinn et al. 2014),
and later to study movements of bears among nearby
streams (Wirsing et al. 2018) and infer the reliance of
individual bears on salmon from stable isotopes of car-
bon and nitrogen (Ro et al. 2021). Examination of videos,
paired with the wires in one year, indicated some avoid-
ance of wires by bears, though 81% of approaches re-
sulted in contacts sufficient to leave a hair sample (Wold
et al. 2020), and avoidance did not decline over the years
of the study (Lincoln et al. 2020).

At each of 6 streams, we strung 2, 4-prong barbed wires
across the stream at different locations. Each wire had a
target height of 50 cm, but the actual height varied with
the topography of each site. We deployed 2 wires on all
6 streams, and 7 of the wires were in consistent locations
without changes in the stream channel, and thus were
suitable for analysis (Table 1). Barbs were 12 cm apart,
and the wire lengths varied somewhat among streams,
which were 3–5 m wide and about 10–25 cm deep. The
wires spanned an average of 8 m (Quinn et al. 2014) and
were fixed to trees or stumps near the stream with fenc-
ing staples, resulting in 44–106 barbs/wire (Table 1). At
each of these 7 sites, we measured the distance from the
wire to the ground below each barb, and whether it was
over the stream or dry land at the typical summer base
flow. This region is not characterized by heavy summer
rainfall, the sampling occurred after all snow had melted,
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and these low-gradient streams have considerable input
from springs and beaver (Castor canadensis) ponds, all
of which factors tend to moderate the flow regimes and
minimize changes in stream height. We grouped the barb
height data into 5-cm bins (i.e., �5.0 cm, 5.1–10 cm, etc.).
These data, which were essentially the daily sampling ef-
fort, we then multiplied by the number of days each wire
was deployed over the seasons. These adjustments were
necessary because some barb heights (e.g., 50–80 cm)
were more common than others, the wire height distri-
butions varied among streams, and logistical constraints
necessitated slight variation in wire deployment and re-
trieval dates. We then compared the distributions of hair
sampling effort and success with respect to wire barb
height.

Results and discussion
In total, 125,440 barb-days of effort among the 7 wires

obtained 1,939 samples of hair for an overall success rate
of 1.55%. That is, an average barb obtained a sample
on 1.55% of the days it was deployed. Given that the
study was designed to sample at about 50 cm, the dis-
tribution of barb-days of effort was greatest in the 51–
60-cm height bin (27.9% of effort) with 15.9% in the
41–50-cm bin and 18.4% in the 61–70-cm bin. How-
ever, there were 800 barb-days of effort in the 1–10-cm
bin, and 1,320 barb-days in the maximum, 91–100-cm
bin (Fig. 1A). Genetic identification indicated that only
brown bears, but not American black bears, were detected
(Wirsing et al. 2018). Likewise, camera and video images
(Lincoln et al. 2020, Wold et al. 2020) recorded many
brown bears but no black bears, and the only other mam-
mals detected were moose (Alces alces) and (very rarely)
gray wolf (Canis lupus), neither of which left any hair
samples. Hair samples were obtained over the entire range
of barb heights (6–97.5 cm) and over land and water. The
barbs over water were more successful (4.2 samples/barb,
vs. 3.5 for those over land), but they were also higher
(mean height: 65.7 cm vs. 42.2 for those over land). Of
the height bins that were well-represented, 2 over wa-
ter collected more samples (60- and 70-cm bins), 2 over
land collected more (50-cm and 65-cm bins), and one
was similar (55-cm bin). In contrast, sampling success
was strongly affected by height (Fig. 1B), ranging roughly
10-fold from approximately 0.002 (i.e., 0.2% of the barbs
deployed on a given day obtained a sample) at the lowest
and highest barbs to approximately 0.02 (2%) at those
from 40 to 70 cm in height. Combining data for wires
over water and land, the 45.5–50-cm bin was the most
successful (2.25%), followed by 55.5–60 cm (2.12%),

Fig. 1. (A) Distribution of sampling effort, expressed
as the number of wire barbs at a given height above
the ground (10-cm bin includes 0–10 cm, 20-cm in-
cludes 10.5–20 cm, etc.), times the number of days
deployed from 2012 to 2019 on 6 streams in Bristol
Bay, Alaska, USA, to obtain hair samples of brown
bears (Ursus arctos; N = 125,440 barb-days). (B)
Numbers of brown bear hair samples collected as a
function of the barb’s height above the substrate, in-
dicated as ground (i.e., dry land) or water (stream).
The 10-cm bin shows data for barbs 5.5–10 cm,
15-cm shows data for 10.5–15 cm, etc., adjusted for
the different numbers of barbs and extent of deploy-
ment as shown in (A).

and the barbs closest to the ground and farthest away
were the least successful. Using 5-cm bins, the distribu-
tion of samples obtained differed significantly from that
of the sampling effort (i.e., barb-days: χ2 = 250.55, 18 df,
P < 0.001).

In addition to the overall pattern of highest success rate
at the intermediate heights, there was an indication of a
small mode from 10 to 20 cm, followed by a reduction in
success rate from 20 to 35 cm before the increase above
35 cm (Fig. 1B). Camera images often recorded cubs in
their first year of life accompanied by their mothers, and
such cubs might be differentially sampled at barbs near
the ground. However, only a small fraction of the samples
was processed for DNA, and samples from cubs could
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not be identified as such. Some avoidance of the wires
occurred, as indicated by short videos initiated by the
presence of the bears (Wold et al. 2020), and by com-
parison of hair samples and camera still images (Quinn
et al. 2014, Lincoln et al. 2020). In addition to outright
avoidance, such as abrupt changes in direction of move-
ment after apparent inspection of the wire, the bears of-
ten seemed to detect the wire, but contacted it anyway.
In some cases, an adult bear ducked and went under the
wire, but the bear’s back still brushed the wire conspic-
uously; and in other cases, the bear stepped on the wire
while going over it. Thus, contact occurred in a num-
ber of different ways, some of which might be selec-
tive with respect to wire height relative to the size of the
bear.

Any field sampling program must balance the benefits
of extensive sampling (e.g., greater spatial and temporal
coverage, diverse methods) with the costs of obtaining
and processing the samples, in the context of the overall
study goals (Proctor et al. 2010). For noninvasive sam-
pling of bears, the choices include collection of hair, fecal
material, or both (Phoebus et al. 2020), and the specifics
of collection methods. Some sampling methods, such as
rub trees or structures inclined from the ground upward
on an angle (Woods et al. 1999, Berezowska-Cnota et al.
2017), are likely less selective for bears with respect to
body size than are wires strung at a single height. The
optimal wire height deployed to sample hair from bears
might depend on the size of the bear. Grizzly bears are
larger than black bears, and grizzly bears from coastal re-
gions with access to meat, and especially salmon, tend
to be larger than those from the interior (Hilderbrand
et al. 1999). In addition, the study design might prior-
itize adults over cubs (e.g., if hunters were expected to
provide samples for comparison with those obtained from
the wires [Dreher et al. 2007]). Nevertheless, it is useful
to know how important the target height is for obtaining
samples, especially because the wire may be deployed
over uneven ground. In this case, the results strongly sup-
port the general target of 50 cm, and indeed a broader
range of heights from 40 to 70 cm, for brown bears. If
investigators deploy multiple wires, it would be infor-
mative to see the data reported for both wire heights, in
terms of the sampling success rate and the identities of
the bears, to more fully understand the extent of sam-
pling selectivity with respect to maturity status, sex, and
among individuals. Similarly, data on barb success as
a function of height collected from wire corrals might
be compared with the patterns of selectivity reported
here, from streams, to achieve greater generality of the
results.
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