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SHORT COMMUNICATIONS

American black bears and hair snares: a behavioral analysis
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Abstract: Despite the widespread use of noninvasive hair-
sampling for American black bear (Ursus americanus)
population monitoring, there is no explicit analysis of
black bear behavior at hair snare sites. During 2016, we
deployed hair snares and camera traps at 40 sites across
the northern Lower Peninsula of Michigan, USA, and col-
lected 560 video recordings of black bear activity. Our ob-
jectives were to develop an ethogram of bear behaviors at
snare sites and quantify their occurrence. We found that
bears allocated their time consistently when they were
physically inside or outside of the snare, but they divided
their time among multiple behaviors when crossing the
wire. The inconsistencies in wire crossing revealed un-
expected behaviors with important implications for study
design. Our findings explicitly describe how black bears
interact with hair snares, provide recommendations for
addressing the influence of behavior on sampling effi-
ciency, and establish a foundation for further study of
animal behavior at hair snares.
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Accurate estimates of population size drive conserva-
tion priorities and are the cornerstone for effective man-
agement of large mammal populations (Karamanlidis
et al. 2015, Mumma et al. 2015). However, popula-
tion estimates can be difficult to obtain, especially for
cryptic species or mammals that occur at low densities
and across large spatial scales (Beier et al. 2005, Long
et al. 2007, Wilton et al. 2014). Noninvasive sampling
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techniques are often used to estimate population size
and characteristics of such species. For example, hair
snares are an established noninvasive method for obtain-
ing capture–mark–recapture data for ursid populations
(Augustine et al. 2014). Compared with live-trapping,
hair sampling can produce larger sample sizes and sur-
vey larger geographic areas (Mowat and Strobeck 2000,
Dreher et al. 2009), which can improve accuracy in abun-
dance estimates (Boersen et al. 2003). However, these
benefits are only realized when detection rates are suf-
ficiently high (Mills et al. 2000, Tredick et al. 2007,
Augustine et al. 2014).

Successful detection of animals from hair sampling re-
quires multiple events to occur: animals must encounter
the trap and deposit samples, which must be successfully
collected, and DNA from collected samples must amplify
(Goossens et al. 1998, Lamb et al. 2016). Animal behav-
ior at traps influences capture probability for multiple rea-
sons. For instance, the design of baited noninvasive hair
snares is intended to prompt a specific behavior in which
the animal deposits hair (Kendall and McKelvey 2008).
This hair deposition behavior is often specific to the study
species; for example, American black bear (Ursus amer-
icanus; hereafter, black bear) hair snares require the ani-
mal to cross a strand of barbed wire (Woods et al. 1999),
whereas wolverine (Gulo gulo) hair snares require the an-
imal to climb a post (Mulders et al. 2007). Once the hair
deposition behavior has occurred, additional patterns of
behavior at or around the snare further influence the quan-
tity and quality of collected samples (Long et al. 2007,
Marucco et al. 2010, Latham et al. 2012, Sawaya et al.
2012). Studying patterns of behavior at traps can iden-
tify actions affecting capture probability and may provide
valuable guidance for modifications to study designs to
improve detection.

Remote cameras (hereafter, camera traps) are a versa-
tile device well-suited to collecting animal behavior data
(O’Connell et al. 2011). Camera trap footage allows us
to observe and identify behaviors affecting hair deposi-
tion and, by extension, capture probability (Wilton et al.
2016). These behavioral data can be compiled into an
ethogram (Altmann 1974) and quantified into an activ-
ity budget (Ransom and Cade 2009). An ethogram is a
formal description of a species’ behavior; it can be a com-
prehensive inventory of behaviors or focus on a category
of behaviors (Grier 1984).

In the northern Lower Peninsula (NLP) of Michigan,
USA, barbed-wire hair-snare corrals (hereafter, hair
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2 SHORT COMMUNICATIONS

snares) have been used as part of a population moni-
toring program for black bears since 2003. However,
capture probability of this population via hair snares is
notably low (e.g., 0.02; Dreher et al. 2007). Whereas
multiple studies recognize that bear behavior can affect
hair sampling (Boulanger et al. 2004, Gardner et al.
2010, Marucco et al. 2010, Wilton et al. 2016), to our
knowledge there is no explicit analysis of black bear
behavior at hair snares. In 2016, we placed trail cameras
at 40 hair snares in the NLP of Michigan to record video
of black bears at the snare sites. Our objectives were
to develop an ethogram of bear behaviors at snare sites
and quantify the occurrence of those behaviors. Our
findings provide insight into how black bears respond
to and interact with these snares, and identify individual
behaviors that affect hair deposition.

Study area
We established hair snare traps in the NLP of Michi-

gan; most sites were in the Manistee National Forest and
the Roscommon State Forest, which are adjacent to the
Cadillac and Houghton Lake areas, respectively (Fig. 1).
These areas are predominantly forested, managed pri-
marily for timber and recreation, and are fragmented by
roads, oil pipeline access paths, private property, agricul-
tural fields, and human developments. The topography
around Cadillac consists of glacial moraines, sandy hills,
and moderate to steep slopes, whereas the landscape sur-
rounding Houghton Lake is relatively flat. The study area
is considered a northern lacustrine-influenced ecotone;
its forests include northern hardwoods, upland-conifers,
pine barrens, and a mix of hardwood and conifer swamps
(Albert 1995). Bound by Lake Michigan to the west and
Lake Huron to the east, the NLP has greater exposure to
lake-effect weather conditions than the southern Lower
Peninsula (Barnes and Wagner 2004), resulting in cooler
temperatures and a shorter, more variable, growing sea-
son.

Methods
Site selection

We deployed hair snares and trail cameras in 2 grids
(10 km × 18 km) spaced 46 km apart. Each grid con-
sisted of 20 snares configured into 5 clusters; each clus-
ter consisted of 4 snares, spaced approximately 1.6 km
apart (Fig. 1). Sites were located on public land and
were selected based on the presence of high-quality black
bear habitat and on anecdotal knowledge of previous
bear locations from the Michigan Department of Natural

Fig. 1. Study area in the northern Lower Peninsula
of Michigan, USA, depicting locations of grids of hair
snares in 2016. Remote cameras placed at each hair
snare were used to study behavior of American black
bears (Ursus americanus) while visiting the snares.

Resources. We avoided sites near motorized vehicle trails
or roads and maintained a 500-m buffer between snare
sites and human developments to minimize the likelihood
of human–bear conflict.

Hair snares
We visited snares at 6–7-day intervals for 6 consecu-

tive weeks (sampling occasions) in June and July 2016.
This temporal sampling frame coincides with the spring
molt and is ideal for maximizing sample size (Wegan
et al. 2012, Yamauchi et al. 2014, Wilton et al. 2016). We
constructed snares by encircling a baited location with
2 strands of barbed wire. We strung wires around 3–5
trees at uniform heights of 20 cm and 50 cm (Dreher
et al. 2007). Variation in site characteristics (e.g., topog-
raphy, vegetation) dictated that the size of the enclosed
area ranged from approximately 9 to 28 m2. We placed a
scent lure (attractant) and a food bait within each snare.
Attractants were either cherry syrup or black bear scat
collected from captive individuals at the Binder Park Zoo

Ursus 31:article e9 (2020)
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in Battle Creek, Michigan. Food baits consisted of either
a mixture of peanut butter and oats or pig jowls (bacon).
We suspended 2 food baits over the center of the snare
at different heights: we hung a larger food bait (454 g
[16 oz] bacon or 226 g [8 oz] peanut butter–oat ball)
approximately 3 m in the air, and a smaller food bait
(28 g [1 oz] of either bacon or peanut butter–oat ball)
approximately 1.2 m above the ground. The higher bait
was intended to attract animals over the entire sampling
period, whereas the lower bait was intended to encourage
bears to cross the snare wire. We placed one attractant at
each hair snare; we suspended the cherry syrup attractant
with the larger food bait, whereas we placed the bear scat
attractant on the ground in the center of the snare. We
randomly assigned bait and attractant pairings to a snare
location within a cluster and assignments were uniform
among all 10 clusters (e.g., snares located in the northeast
corner of each cluster were assigned bacon food bait and
bear scat attractant).

Trail camera setup and sample collection
We placed 1–2 trail cameras (Bushnell ® 12MP Tro-

phy Cam HD Essential, Overland Park, Missouri, USA)
at every snare location. Camera settings (e.g., record-
ing time and interval length) balanced battery longevity
with maximum data collection. Cameras were motion-
activated and recorded either still photos or 20-second
videos at 15-second intervals. We positioned cameras to
view the entire trap and immediate surroundings (real-
ized field of view ranged approx. 1–3 m beyond edge of
snare). We placed an additional camera (positioned oppo-
site from the existing device) during the second sampling
occasion if a site was visited by black bears during the
first week. We were unable to deploy secondary cameras
simultaneously or at all locations on account of logistical
constraints. Instead, we added cameras opportunistically
as we confirmed bears had visited sites. During each sam-
pling occasion, we downloaded camera data, collected all
deposited hairs, and replaced the baits and attractant.

Ethological data collection and analyses
We reviewed video footage from successful hair snares

(i.e., snares that collected supposed black bear hair) and
developed an ethogram of frequently occurring behav-
iors. We regarded behaviors as instantaneous events and
recorded them at the moment of their onset (e.g., the an-
imal assumes a seated position; Altmann 1974). We as-
signed each behavior to 1 of 3 classes reflecting where the
behavior occurred: outside of snare (OS), inside of snare
(IS), or wire crossing (WC). We could not definitively
identify individuals because bears were not marked and

Table 1. Total time, percentage of total time, to-
tal number of events (behaviors recorded instanta-
neously at moment of onset), and percent frequency
of events of each class of American black bear
(Ursus americanus) behavior in the northern Lower
Peninsula of Michigan, USA, 2016.

Behavioral class

Total
time
(sec)

Percent
time

Total
no. of
events

Percent
frequency

Outside of snare 5,443 50 475 46
Inside of snare 4,590 42 409 39
Wire crossing 854 8 151 15
Total 10,887 100 1,035 100

collected hair samples were not genotyped. Therefore,
we distinguished unique visits if the interval between
camera observations of a bear at a snare was �30 min-
utes (Wilton et al. 2016). When multiple individuals were
present in a single video, we recorded behavior data sepa-
rately for each adult bear (i.e., we recorded multiple visits;
Altmann 1974). We recorded number of events and time
spent on each defined behavior relative to the total number
of events and observed time of its corresponding class,
respectively. We used these values to characterize activity
budgets (overall percentage of events and time) and visit
profiles (average no. of events and time per visit) of black
bears at the hair snares. We reviewed and identified video
footage of consecutive clips showing a bear outside the
snare, then inside the snare, with no recorded wire cross-
ing. We used this approach to estimate the number of
times a bear crossed the wires per visit.

Results
We collected camera data for 240 snare-weeks (sam-

pling occasion per snare). Twenty-seven of the 40 snares
collected supposed black bear hair. Seventeen of the 27
successful snares were equipped with video cameras;
these 17 cameras (Fig. 1) collected data for 49 snare-
weeks, corresponding to 560 video clips of black bears
exhibiting 1,035 behavioral events (Table 1). We defined 6
distinct behaviors within the OS behavioral class, 6 within
the IS behavior class, and 9 within the WC class. Three
of the defined behaviors occurred in multiple classes:
bipedal, bait-tugging, and climbing a snare tree (a tree
to which the snare is attached) occurred both outside and
inside of the snare. Each behavior is defined in detail in
our ethogram (Table 2). We identified 148 unique visits,
of which 100 (68%) included bears displaying WC or
IS behaviors (i.e., bear entered the snare). On average,
bears that entered the snare spent more time at the trap

Ursus 31:article e9 (2020)
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Table 2. An ethogram of frequently occurring American black bear (Ursus americanus) behaviors observed at
hair-snare sites in the northern Lower Peninsula of Michigan, USA, 2016.

Behavior Definition

Outside of snare
Scan Assessing the area for visual or olfactory cues and assuming an upright position with the weight of the

body on 3 or 4 legs, ambulatory or stationary. Accompanied by head movement up and down or in
multiple directions.

Pacing Ambulation following the outside perimeter of the snare. Slow, upright gait in a pronograde posture; 3 feet
support the body at all times.

Bipedal Standing upright on hind legs, stationary or ambulatory.
Bait-tugging Biting and tugging a suspended bait to release it from the suspension string. This behavior was always

initiated from inside the snare and may involve action in a quadrupedal, bipedal, sitting, or lying posture.
Climb external tree Climbing a tree external from the snare structure. All 4 feet completely leave the ground.
Climb snare tree Climbing a tree that the snare is attached to. All 4 feet completely leave the ground.

Inside of snare
Quadrupedal Assuming an upright position with the weight of the body on 3 or 4 legs, ambulatory or stationary.
Bipedal Standing upright on hind legs, stationary or ambulatory.
Sitting Resting on the hocks and buttocks.
Bait-tugging Biting and tugging a suspended bait to release it from the suspension string. May involve action in a

quadrupedal, bipedal, sitting, or lying position.
Climb snare tree Climbing a tree to which the snare is attached. All 4 feet leave the ground.
Lying Act of ventral or dorsal lying.

Wire-crossing
Step over Stepping over both wires, one leg at a time. Three feet are always supporting the body.
Jump over With mostly hindlimb propulsion, leaping over both wires; the forelegs leaving the ground first, followed by

the hindlegs.
Unclassified At least one forelimb steps over the wire, but video ends before a complete cross is observed.
Paw wire Lifting one forelimb and touching the wire with paw, or temporarily resting forelimb on wire. Animal does

not completely cross the wires.
Going between Crossing between the upper and lower wires.
Step on Planting �1 forepaw on the upper wire and pushing it down, then stepping over both wires, one leg at a

time. Hind paw often replaces the forepaw’s pressure on the wire during crossing.
Incomplete Both forelimbs step over the wire, but bear then backs up and does not cross.
Half-jump Both forelimbs step over the wire first, then both hindlimbs leap over the wire.
Cross via tree Using a tree to which the snare is attached to cross over the wires by climbing up and then down the tree.

(x̄ = 405 ± 96 [95% CI] sec) than did bears that did not
enter (x̄ = 83 ± 56 sec).

Overall, black bears spent most of their time outside
of the snare (50% of observed time; Table 1) and were
typically scanning or pacing in this location (59% and
32% of observed time, respectively; Fig. 2A). Within a
given visit, the most frequently occurring OS event was
scanning (x̄ = 2.00 ± 0.27 events/visit; range = 0–8; Fig.
3A), suggesting that bears investigate the trap before fur-
ther interacting with it. Bears observed inside of the snare
spent the most time engaged in quadrupedal or sitting be-
haviors (55% and 19% of observed time, respectively;
Fig. 2B). The most frequent IS events were quadrupedal
(x̄ = 2.30 ± 0.45 events/visit; range = 0–11; Fig. 3B)
and bipedal (x̄ = 1.10 ± 0.24 events/visit; range = 0–5;
Fig. 3B). These and all other behaviors inside of the snare
involved efforts to retrieve or consume the bait. Over half
of the observed time within the WC class was dedicated
to either stepping over the wire (36%) or crossing in a way

considered unclassifiable (18%; Fig. 2C). We estimated
that bears crossed the wires an average of 3.00 ± 0.37
times/visit (range = 1–14), but observed bears crossing
the wires an average of 2.00 ± 0.37 times/visit (range
= 1–11; Fig. 3C), primarily by stepping over the wire
(x̄ = 0.62 ± 0.21 events/visit; range = 0–6; Fig. 3C). We
also observed WC behaviors that likely compromised de-
position of hair (i.e., evasive behaviors), which included
jumping over the wire (x̄ = 0.33 ± 0.14 events/visit; range
= 0–3; Fig. 3C), stepping on the wire (x̄ = 0.16 ± 0.11
events/visit; range = 0–2; Fig. 3C), and climbing trees
(x̄ = 0.03 ± 0.04 events/visit; range = 0–1; Fig. 3C).

Discussion
Black bears allocated their time consistently when

they were inside or outside of the snare (e.g., typically
quadrupedal when inside), but they divided their time
among multiple behaviors when crossing the wire. The

Ursus 31:article e9 (2020)
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Fig. 2. Activity budgets of American black bears (Ursus americanus) within 3 different classes of behavior
observed at hair snares in the northern Lower Peninsula of Michigan, USA, 2016. Behaviors were classified
by their location: (A) outside of snare, (B) inside of snare, and (C) wire crossing. Percent of events (behaviors
recorded instantaneously at moment of onset) and time represented by dark gray and light gray, respectively.

Ursus 31:article e9 (2020)
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Fig. 3. Visit profiles of American black bears (Ursus americanus) within 3 different classes of behavior ob-
served at hair snares in the northern Lower Peninsula of Michigan, USA, 2016. Behaviors were classified by
their location: (A) outside of snare, (B) inside of snare, and (C) wire crossing. Events (behaviors recorded in-
stantaneously at moment of onset) per visit is in dark gray and time per visit is in light gray. Error bars indicate
95% confidence limits.
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variation in wire-crossing behaviors revealed evasive be-
haviors with important implications for study design. Al-
though most visits resulted in a wire-crossing event, 32%
did not. Moreover, specific behaviors clearly resulted in
contact with the snare wire, whereas other behaviors in-
creased evasion. Our findings suggest that factors other
than bear presence, including behavior, influenced the de-
position of hair samples.

The snares employed in this study are designed to
capture hair samples when black bears cross the wires
(Woods et al. 1999), but bears also made contact with
the wire from a variety of other behaviors once inside
the snare. Nearly all these productive IS behaviors in-
volved the bear obtaining the food (e.g., tugging the bait).
For instance, when bears tugged the bait (x̄ = 0.16 ±
0.08 events/visit; range = 0–2), they often bumped into
the wires or forcefully pulled the suspended bait out-
side of the snare, resulting in an additional wire cross-
ing. It is worth noting that the cameras in our study did
not record continuous video; consequently, all behav-
ioral events were not observed (i.e., imperfect detection).
Therefore, the values portrayed in our visit profiles are
likely representative, but may be biased low. Behaviors in
the wire-crossing class were responsible for the majority
of bear contact with the wire, supporting the assumption
that wire crossing is important for maximizing sample
size and should be the targeted hair-deposition behavior.
However, the specific method bears use to cross the wire
likely affected hair deposition.

Black bears occasionally avoided contact with the
barbed wire (and presumably avoided depositing hair)
when crossing the wire. Notably, these evasive behav-
iors included jumping over the upper wire of the snare.
To our knowledge, black bears had not been documented
jumping over hair-snare wires prior to our study (though
Johnson [2018] recently documented bears jumping over
electrical fencing), yet this behavior accounted for 17% of
WC events. Bears also stepped on the wires (8% of WC
events) during wire-crossing. This behavior commonly
has been observed in ursids (Kendall and McKelvey 2008,
Wilton et al. 2016) and is considered an avoidance behav-
ior because contact between the underside of a paw and
the wire is unlikely to deposit numerous or high-quality
hairs. It is possible that stepping on the wire is a learned
behavior stemming from interacting with a snare multiple
times (Wilton et al. 2016). Although uncommon, bears
were also observed climbing trees to evade the wires (1%
of WC events). In addition to these wire-avoidance be-
haviors, perhaps the most obvious, yet pernicious, behav-
ior influencing detection was individual aversion to hair
snares.

Low detection estimates from existing spatial mark–
recapture models of hair snare data in the NLP raised
formative questions about how often black bears were
in proximity to a hair snare, but never entered or inter-
acted with the snare (D. M. Williams, unpublished data).
Those questions were motivational for our efforts here
to characterize and evaluate behavior around snares. Ac-
cording to our visit definition, 32% of visits in our data
included a bear approaching, but not entering, a snare,
and therefore constituted undetected encounters. Similar
to bears that entered, bears that did not enter were typi-
cally scanning or pacing outside of the snare (58% and
37% of observed time, respectively). Sampling design,
including time since bait and attractant was refreshed,
absence of bait, sampling occasion, and number of pre-
vious visits, may also affect bear behavior and likelihood
of wire crossings. Moreover, bears likely encountered >1
site or encountered the same site multiple times. Trap
aversion could be driven by previous negative experience
with hair snares (Boulanger et al. 2008) or a preoccupa-
tion with breeding (Rogers 1987, Noyce and Garshelis
1997, Boulanger et al. 2004). Regardless of the reason, it
is troubling that 32% of visits did not include a bear enter-
ing the snare, especially in conjunction with our finding
that 26% of the observed WC events consisted of be-
haviors that likely compromise deposition of bear hair
(and thus a capture event) at snares. These findings em-
phasize the role individual capture heterogeneity plays in
detecting bears (Boulanger et al. 2004), and the value of
explicitly quantifying patterns of behavior at traps.

Our results suggest variation in black bear behavior is
relevant to sampling efficiency. The utility of hair sam-
ples as a noninvasive sampling technique is dependent
on capture probability, which in turn is influenced by the
behavior of the target species (Kendall and McKelvey
2008). Evaluating the behavioral response of animals to
traps provides an opportunity to increase capture proba-
bility, maximize the benefits of noninvasive studies, and
ultimately to improve the accuracy and precision of pop-
ulation estimates. Our study provides the first formal de-
scription and quantification of how black bears behave at
barbed-wire hair-snares. Although our study focused on
black bears, analyzing video footage of behavior at traps
is a versatile approach for seeking to understand sources
of variation in capture rates of any species (Marucco et al.
2010).

Management implications
Modifications to the design of black bear hair-snare

studies could address both the positive and negative
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influences of bear behavior on capture probability.
Whereas any bait may lure a bear, its location within the
snare influences contact between a bear and the wire af-
ter the wire has been crossed. For managers using bait,
we recommend a design that includes suspending bait
within reach of a bear inside the snare to improve the
likelihood of collecting additional hair samples after the
bear crosses the wire. However, this increase in samples
may come with an increase in capture heterogeneity; and
that heterogeneity must be accounted for in models of
abundance estimation. Finally, some bears stepped on or
jumped over the wire to avoid contact when entering or
exiting the snare. We did not observe any adults or year-
lings attempt to evade the wire by crawling under the
lowest wire. Thus, in future studies, researchers could
raise the height of the wires in the 2-strand design or add
a third strand of barbed-wire to determine whether ei-
ther modification can reduce the frequency of the evasive
stepping-on and jumping behaviors.
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