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1  |  INTRODUC TION

Wildlife trail cameras, typically referred to as camera traps (here-
after CTs), are an important tool for carnivore researchers (Burton 
et al., 2015; Kays & Slauson, 2008). CTs are noninvasive, operate over 
long time periods, and are capable of producing consistent detection 

data without animal capture or handling. Data produced from CTs de-
ployed across large areas can yield inferences on species occupancy 
(Anderson et al., 2023; Lukacs et al., 2020; Rich et al., 2018), coloni-
zation/extinction (Farris et al., 2017), population temporal dynamics 
(Kellner et al., 2022), and animal behavior (Burton et al., 2022; Murphy 
et  al.,  2021). For species with distinctive markings (e.g., striped or 
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Abstract
Camera traps deployed with olfactory attractants are used to survey rare and elusive 
carnivores. Study areas with deep snowpack and rugged terrain present challenges 
and risks to field personnel, who traditionally must revisit camera stations regularly to 
refresh attractants. In such locations, alternative overwinter survey protocols that in-
clude a persistent attractant would improve both the safety and efficiency of camera-
trap surveys. We present a protocol for installing camera traps and automated scent 
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interim service visits and to enable standardized surveys to be conducted through-
out the year. Our protocol proved to be effective at attracting and detecting numer-
ous and repeated visits by wolverines, fishers, and other carnivores in two montane 
regions of the western contiguous United States. The volume, timing, and compo-
sition of liquid scent lure released by automated scent dispensers can be varied to 
target multiple species of interest, and the dispenser can be used in situations where 
bait rewards may influence the behavior of target species and/or pose human safety 
concerns.
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spotted felids [Felidae spp.], wolverines [Gulo gulo; Figure  1]), CTs 
can also generate sight-resight data for capture–recapture models to 
estimate population abundance and density (Anderson et al., 2023; 
Green et al., 2020; Rowcliffe et al., 2008).

Depending on survey objectives and target species, CTs de-
ployed along trails or roads are typically unbaited and unscented, 
whereas those installed off-trail are often paired with baits and/or 
scent lures. The detectability of target species may vary by approach 
(Barcelos et al., 2023; Holinda et al., 2020; Iannarilli et al., 2021; Mills 
et al., 2019). In North America, for example, canids and felids have 
been effectively surveyed by CTs positioned along trails and second-
ary roads without baits or scent lures (Anderson et al., 2023), and 
Holinda et al. (2020) found no effect of attractant on gray wolf (Canis 
lupus) detectability. In contrast, mustelid and ursid detection rates 
have generally benefitted from scent lures (Holinda et  al.,  2020; 
Iannarilli et al., 2021).

Treating CT stations with scent lures and/or baits can present a 
host of challenges. Lures and meat baits should be refreshed every 
2–4 weeks to reliably attract carnivores, but refreshing attractants in 
remote locations can be hazardous and infeasible—particularly during 
winter. In addition, regular visits to survey sites by field personnel 
may disrupt normal animal movements, potentially reducing detect-
ability even if scent lures and meat baits are replenished (Barcelos 
et  al.,  2023). When ursids are not hibernating, they are prone to 
consuming bait or otherwise disturbing survey stations—again, po-
tentially decreasing the detectability of target species (R. Long, un-
published data; Zielinski et al., 2011). Meat baits can be difficult to 
standardize in terms of volume or odor (R. Long, unpublished data), 
and baits that provide wildlife with food rewards can promote food 
conditioning (Barcelos et al., 2023) or guarding behaviors that may in-
crease the risk of human–carnivore conflicts (Caravaggi et al., 2020). 
Notably, meat baits also carry the potential risk of spreading diseases, 
particularly Chronic Wasting Disease (Saunders et al., 2012).

We sought to conduct CT-based, detection-nondetection surveys 
whose resulting data would enable occupancy estimation (MacKenzie 
et  al.,  2002) for wolverines in the northern Cascade Range of 
Washington and fishers (Pekania pennanti) in the Rocky Mountains of 
Idaho. High detection probabilities are pivotal for precise occupancy 
estimates, which are, in turn, essential for obtaining high power to 
detect population trends. Prior CT research conducted by us (R. Long, 
unpublished data) and others (e.g., Zielinski et al., 2015) demonstrated 
higher detection rates for mustelids in winter versus nonwinter. In 
both of our study areas, however, winter access is often restricted by 
rugged terrain, deep snow, high avalanche risk, relatively few roads 
and trails, and limitations on helicopter use due to land-use regula-
tions (e.g., designated Wilderness). To meet our goal, we developed 
a novel protocol for deploying CTs with automated scent dispensers, 
which (1) enables overwinter (i.e., 6–12 month) carnivore surveys 
without the need for interim visits by field personnel; (2) maintains 
consistent scent lure; (3) precludes food rewards; (4) is unaffected by 
snow conditions and subfreezing temperatures; and (5) detects target 
as well as numerous nontarget species. Here we demonstrate that 
our protocol is effective for detecting wolverines and fishers while 
also meeting the objectives described above.

Although adapted versions have now been used by other re-
searchers (i.e., Krohner et al., 2022; Lukacs et al., 2020), this is the 
first time the protocol has been fully described in a scientific publi-
cation, and its advantages and challenges discussed.

2  |  MATERIAL S AND METHODS

2.1  |  Camera/dispenser protocol

At each CT station, we installed a Reconyx-brand CT (Holmen, WI) 
and an automated scent dispenser (Woodland Park Zoo, Seattle, WA) 
(Figure 2). The automated dispenser was invented by Long, Sauder, 
and Sinclair to facilitate overwinter detection-nondetection sur-
veys for wolverines. Powered by 8 lithium AA batteries, the scent 

F I G U R E  1 A wolverine visits a survey station in the North 
Cascades of Washington.
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dispenser pairs an ultra-low voltage control board with a miniature 
peristaltic pump to release a pre-selected volume of liquid at pro-
grammed intervals for >12 months, even under extreme environmen-
tal conditions (e.g., one unit was deployed in Alaska and continued 

to function at temperatures below −40°C [pers. comm., M. Robards; 
Wildlife Conservation Society]). The ingredients in our scent lure 
were adapted by Aubry et al. (2023) from various recipes and included 
liquid beaver (Castor canadensis) castoreum oil, pure skunk (Mephitis 

F I G U R E  2 Ilustration of setup at an overwinter survey station, including a camera trap deployed vertically by rotating the unit by 90 
degrees, corrugated polypropylene “roof” over the camera trap, scent dispenser, bone (hung by cable or eyebolt), and optional hair sampling 
brushes fastened to a corrugated polypropylene “collar”. Illustration: Samantha Kreling.

F I G U R E  3 Two options for securing 
the bone under the scent dispenser: (a) a 
cable around the tree, and (b) an eyebolt 
(also note the hair-snagging collar in “b”, 
which is optional).
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spp.) extract, anise (Pimpinella anisum) oil, and either commercial mus-
telid lure (Marten Lure, Hawbaker & Sons, Fort Loudon, PA) or fish 
oil. The remaining volume comprised a 60:40 mixture of food-grade 
propylene glycol and water to reduce the freezing point to ~−40°C.

At each survey station, we selected a tree measuring >30 cm in 
diameter at chest height, then bolted the dispenser to the bole at a 
height of 3–4 m from the ground. Dispensers were secured above the 
average mid-winter snowpack depth to prevent accumulating snow 
from interfering with devices. To capture the dripping lure and pro-
vide a visual attractant, we secured a 20–25 cm section of a mostly 
meat-free cow femur (Bos taurus) below the dispenser (Figure 3).

On another tree of similar size, 4–5 m from the dispenser tree 
and within a clear line of sight, we mounted a Reconyx Ultrafire 
or Hyperfire CT at approximately the height of the dispenser. We 

rotated the CT 90° to create a “portrait” image orientation (Harley 
et al., 2014), enabling us to detect animals from the base of the tar-
get tree up to the dispenser, regardless of snow depth. CTs were 
mounted with various methods, including a lightweight eye-and-
fastener system and a ball head mount (Figure 4). To collect as much 
photographic data as possible, we used 32 GB memory cards and 
programmed CTs to record five images per trigger event. We in-
serted a desiccant packet into the CT body to reduce condensation.

2.2  |  Study areas and survey design

We deployed CTs and automated scent dispensers in the North 
Cascades of Washington to detect wolverines, and in the Rocky 

F I G U R E  4 Two types of camera-trap mounts that enable a 90° rotation of the camera trap: (a) a ball-head, and (b) low-cost eyelet 
hardware and elastic bands. Also, (c) detail of eyelet hardware, and (d) a camera trap mounted under a corrugated polypropylene roof.
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Mountains of Idaho to detect fishers, as well as nontarget species 
in both regions. Surveys were conducted intensively in Washington 
(i.e., via a high density of stations in areas known to be used by wol-
verines; Aubry et al., 2023), and extensively in Idaho (i.e., at lower 
densities within a larger study area; Krohner et al., 2022).

2.2.1  | Washington

We implemented our protocol at 24 and 16 survey stations during 
the winters of 2015/16 and 2016/17, respectively (Figure 5). Survey 
stations were located within suitable wolverine habitat as defined 

F I G U R E  5 Left panel: locations of stations in Washington surveyed with the overwinter protocol during winters of 2015/16 (black 
symbols), and 2016/17 (star symbols), with resulting wolverine detections in all years (red stars). Note that some symbols overlap, when 
stations were surveyed in multiple years. Right panel: locations of stations surveyed with a standard summer protocol without scent 
dispensers during summers of 2013 (round black symbols), 2014 (white symbols), and 2015 (black star symbols), with resulting wolverine 
detections in all years (red stars). Note that some symbols overlap, where stations were surveyed in multiple years.

F I G U R E  6 Total detection counts of various mammal species at 36 overwinter survey stations in Washington, 2015–2017. Detections 
were limited to those >24 hours apart for a particular species at a given station.
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by existing models (Copeland et  al.,  2010; Inman et  al.,  2013), and 
primarily within wolverine activity areas identified during a previ-
ous telemetry study (Aubry et al., 2023), in an effort to increase the 
chances that wolverines were present. We installed stations between 
July and October and returned the following summer. We filled the 
dispenser with ≤828 mL of liquid scent lure, which was sufficient 
to last ~515 days when programmed to release 3 mL of lure every 
other day. All stations were situated in mountainous locations at el-
evations ranging from 1524–2133 m. Snowfall averaged 3.5–4.5 m 
from October to April, year-round rainfall ranged from 100–150 cm, 
and winters typically averaged a low temperature of −10°C from 
December to March (https://​www.​uscli​mated​ata.​com). Most sites 
could not have been safely or reliably accessed by field technicians 
during the winter.

For comparison purposes, we also present data previously col-
lected by Long and MacKay in the North Cascades with another 
CT-based protocol, employed only during summer and early fall (i.e., 
snow-free periods) of 2013–2015 and in the same general region as 
our overwinter survey (Figure 5). This protocol entailed interim visits 
to stations by researchers for manual lure replenishment as opposed 
to dispersing scent via an automated scent dispenser. We used an 
existing run-pole design (Magoun et al., 2011) and revisited stations 

once per month to deposit ~15 mL of olfactory lure (Caven's Gusto, 
Minnesota Trapline Products, Inc., Pennock, MN) on a 20–25 cm sec-
tion of a mostly meat-free cow femur suspended above the run-pole. 
We deployed 15, 25, and 24 stations during 2013, 2014, and 2015, 
respectively. Stations were deployed during July and August and 
maintained through September or October.

2.2.2  |  Idaho

We implemented our overwinter dispenser protocol at 39 stations 
across northern Idaho during the winter of 2018/19 as part of a 
multi-state effort to estimate fisher occupancy (Krohner et al., 2022). 
Stations were deployed in October and November in modeled fisher 
habitat and removed the following spring or summer after snowmelt. 
Automated scent dispensers were programmed to release 3 mL of 
lure every day, with an anticipated depletion period of ~276 days. 
Elevations ranged from 1000–1850 m, and annual precipitation 
ranged from 1.1–1.7 m (https://​www.​uscli​mated​ata.​com), falling pri-
marily as snow from November to April. All stations were deployed 
in mountainous locations that would have been very challenging to 
revisit safely in winter.

F I G U R E  7 Total detection counts by month of various mammal species at 36 overwinter survey stations in Washington during winters 
2015–2017. Detections were limited to those >24 hours apart for a particular species at a given survey station. Because the timing of station 
deployments and removals varied, we do not include summaries of detections in July–September.
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3  |  RESULTS

Results are summarized only for time periods during which survey 
devices were deemed fully operational.

3.1  |  Washington

We determined that 37 of 40 stations were fully operational during 
our surveys, as indicated by functioning CTs and depleted lure when 
dispensers were removed. CTs at two stations were impeded by 
snow or disturbed by animals, and a scent dispenser malfunctioned 
at one other station due to loose wiring and excessive moisture. We 
subsequently modified the design of the dispenser to address these 

design issues (R. Long/J. Sauder, unpublished data). Despite frequent 
visits by American black bears (Ursus americanus), bears did not dam-
age or dislodge any cameras or dispensers. CTs detected eight car-
nivore species, including wolverines, and >12 additional nontarget 
mammal species (Figure 6). Animals were detected throughout the 
year (Figure 7) and at all snow depths (Figure 8). We detected an-
other extant mustelid, the Pacific marten (Martes caurina), at 29 sta-
tions (Figure 9). Fishers were considered extirpated from the North 
Cascades at the time of the surveys and were not detected.

We detected wolverines on 47 occasions, with a minimum of >24 h 
between detections, at 18 (48.6%) of the 37 stations (Figures 5 and 
9). By comparison, CT/run-pole surveys for wolverines conducted 
during summer/early fall, 2013–2015, yielded wolverine detections at 
only four of 80 stations (5.0%; Figure 5). Wolverine detection rates at 

F I G U R E  8 Camera trap images 
showing: (a) fisher at ground level during 
the non-snow period, (b) wolverine on 
a tree bole in winter, and (c) wolverine 
on the deep snow surface in winter, and 
(d) wolverine chewing on the bone and 
rubbing against the hair-snagging device.
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overwinter CT/scent dispenser stations were four times higher than 
those at summer/early fall CT/run-pole stations (Table 1).

Time to first detection at overwinter stations averaged 177 days 
for wolverines and 130 days for Pacific martens (Figure 10), and de-
tections of both species occurred throughout the winter (Figure 11). 
Further, 77% of wolverine visits occurred >5 months after station 
deployment, indicating that wolverines were attracted to stations 
with automated scent dispensers long after station deployment.

3.2  |  Idaho

Of 39 CT stations deployed with automated scent dispensers, 37 
remained fully operational throughout the survey period (two dis-
pensers malfunctioned due to unknown causes). There were no 
CT malfunctions, and nor were any CTs disturbed by animals (note 
that, in this study area, all CTs were protected within metal security 
boxes to prevent damage by bears). Fishers were detected at 15 of 

F I G U R E  9 Days to detection for all detections of wolverines and Pacific martens at 18 and 29 overwinter survey stations, respectively, in 
Washington during winters 2015–2017. Detections were limited to those >24 h apart for a given survey station.
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TA B L E  1 Comparison of the number of survey stations during a specific survey season, number of total survey days (days × stations) of 
effort, resulting wolverine detections (minimum >24 h apart for any given station), and resulting detection rate during three summer survey 
periods without scent dispensers and two overwinter survey periods using the overwinter (scent dispenser) protocol.

Season Type of survey # Survey stations Total survey days Wolverine detections
Detections per 
survey-day

Summer 2013 No dispenser 16 803 1 0.001

Summer 2014 No dispenser 25 1707 1 0.001

Summer 2015 No dispenser 39 2822 2 0.001

Winter 2015–2016 Dispenser-based 22 6727 27 0.004

Winter 2015–2016 Dispenser-based 15 5443 20 0.004

 20457758, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ece3.11290 by N

ational Forest Service L
ibrary, W

iley O
nline L

ibrary on [04/05/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense
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37 stations (41%), wolverines at 14 of 37 stations (41%), and mar-
tens (Martes americana or Martes caurina) at 30 of 37 stations (81%). 
Overall, we detected 11 carnivore species and seven other mammal 
species. As in Washington, animals were detected throughout the 
survey period (Figures 12 and 13). Time to first detection averaged 
134 days for wolverines, 89 days for fishers, and 90 days for martens 
(Figure 10).

4  |  DISCUSSION

Our results show that a vertically positioned CT, paired with an au-
tomated scent dispenser, can effectively and repeatedly detect wol-
verines, fishers, and other carnivores for at least a year, including 
during winters characterized by very cold temperatures and deep 
snowpack. Detection patterns for all species largely conformed to 
our expectations. For example, black bears were detected only in 
April through October (i.e., the nondenning months), and wolver-
ines and martens mostly in winter. Coyotes (Canis latrans), Canada 
lynx (Lynx canadensis), and cougars (Puma concolor) were de-
tected year-round (Figure 7), and mule deer (Odocoileus hemionus) 

primarily during summer and fall, when our high-elevation stations 
were presumably more accessible to these animals.

Previous studies found no difference in detection probabilities 
for wolverines (Lukacs et al., 2020) or fishers (Krohner et al., 2022, 
using portions of the same data analyzed here) at CT stations paired 
with automated scent dispensers per our protocol versus those reg-
ularly replenished with meat baits and scent lures. These findings, 
in combination with cost savings and reduced risks associated with 
not having to visit survey stations in winter, led to the widespread 
application of our survey protocol for wolverine surveys conducted 
during winter 2021/22 in Montana, Idaho, Wyoming, Colorado, 
Utah, Oregon, and Washington, and for fisher surveys conducted 
during winter 2023/24 across Idaho and Washington (C. Mosby 
[Idaho Fish and Game], J. Lewis [Washington Fish and Wildlife], pers. 
comm.). Our protocol was also used in Yellowstone National Park 
during a multi-state wolverine survey (Lukacs et  al.,  2020), where 
typical meat baits were not allowed due to concerns about potential 
interactions between people and grizzly bears (Ursus arctos), as well 
as other carnivores, at baited stations.

As a hypothetical example of cost savings, a traditional CT survey 
conducted for 4 months, assuming at least one revisit per month to 

F I G U R E  1 0 Days to first detection of target species. Each dot represents the first detection of a species at a given survey station. 
The boxes include the middle 50% of values in the dataset, and the bars within the boxes are the median. Red Xs are the means, and the 
whiskers cover up to the highest and lowest 25% of the dataset. Fishers were extirpated in the Washington Study area and were, therefore, 
undetected.
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replenish baits and lures, would require twice the number of person-
days compared with a survey of similar length using automated scent 
dispensers. The cost of the scent dispenser at the time of this study 
was ~$300 USD, and lure expenses per deployment were <$5 USD. 
Given the expense of deploying a single field crew visit to rebait/
relure CTs in relatively accessible areas, we believe our protocol will 
yield a large cost savings for many if not most CT-based carnivore 
surveys carried out over multiple months and across remote, expan-
sive terrain. Actual costs are highly dependent upon factors specific 
to a survey area, such as personnel availability and regional salary 
rates, transportation needs, permit limitations, and distance to and 
accessibility of CT stations.

While it is common for researchers to maintain remote CT 
stations in winter using motorized or nonmotorized winter trans-
portation (e.g., all-wheel-drive vehicles, snowmobiles, helicop-
ters, skis, snowshoes), options vary dramatically by region. In 
our Washington study area, for example, winter access to survey 
stations is limited by few roads and steep avalanche terrain, and 

research permits for sites with official Wilderness designation 
generally preclude helicopter activity. Because our protocol al-
lows CT stations to be deployed in summer and removed a year 
later, stations can typically be accessed by hiking trail or forest 
road during snow-free seasons—minimizing cost, training require-
ments, and risks associated with winter field efforts. These factors 
may increase the pool of people capable of deploying stations and 
can potentially help researchers leverage field collaborations with 
agencies, Tribes, and NGOs to expand survey capacity and extent. 
Even in places where winter access is feasible, our protocol elimi-
nates the need for labor-intensive revisits.

Because the scent dispenser precludes the need for meat baits, 
it also eliminates the potential for the spread of transmissible dis-
eases—for example, chronic wasting disease (CWD). CWD is a grow-
ing concern in a number of US states and Canadian provinces and 
has resulted in regulations and guidelines designed to slow or stop 
its spread (e.g., https://​cwd-​info.​org/​carca​ss-​trans​porta​tion-​regul​
ation​s-​in-​the-​unite​d-​state​s-​and-​canada/​). Indeed, some biologists 

F I G U R E  11 Day and month of detection for all detections of wolverines (top panel) and Pacific martens (bottom panel) at 18 and 29 
overwinter survey stations, respectively, in Washington, 2015–2017. Detections were limited to those >24 h apart at a given survey station. 
July–September detections are not shown, as deployments varied in terms of survey effort during those months.
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working in states where CWD occurs, or adjacent to such states, 
report reduced ability to acquire and transport meat baits for use in 
CT research (J. Sauder, unpublished data).

The scent dispenser obviates the “attractiveness decay” factor 
that may limit the effectiveness of unrefreshed baits and lures over 
time (Buyaskas et al., 2020)—an important consideration for wolver-
ine surveys, given that the time to first detection can be lengthy. 
Even when baits are periodically refreshed, variations in bait size, 
condition, and type, as well as environmental factors such as precip-
itation, temperature, and the presence of bait scavengers, can lead 
to variation in detection probability (e.g., Zielinski et al., 2015). The 
scent dispenser also minimizes human disturbance and scent at CT 
stations—factors that could contribute to site avoidance by target 
species. One study reported a decrease in the short-term detect-
ability of predators and prey at CT stations due to revisits by field 
personnel to refresh attractants (Mills et al., 2019), and wolverines 
in particular have been shown to be sensitive to human disturbance 
during winter denning periods (Heinemeyer et al., 2019).

The scent dispenser's long operating period also affords flexibil-
ity for data analyses. Analysts can choose to parse lengthy survey 

periods to fit research needs and adhere to assumptions of selected 
statistical methods. For example, if occupancy patterns during the 
wolverine denning period (i.e., typically Feb–May) were of primary 
interest, camera data could be extracted from the larger dataset and 
analyzed for that period.

Our protocol clearly has the potential to be effective for survey-
ing carnivores beyond mustelids, as demonstrated by the detection 
of nontarget species in this study (Figure 6). The scent dispenser is 
highly adaptable, enabling researchers to program the amount of 
scent lure to be released (i.e., 0.5–15.0 mL) and at what frequency 
(i.e., every 6 h–30 days), and to disburse species-specific lures to 
meet project objectives.

As with any survey protocol, ours does have its limitations. 
Buyaskas et al. (2020) found that lures alone yield lower detection 
rates for some carnivores (e.g., mustelids) than when coupled with 
bait. These researchers note, however, that lure degradation may 
be a factor here—a concern that, as mentioned above, is addressed 
by the automated scent dispenser. Conversely, a consistent olfac-
tory source, such as that provided by the scent dispenser, may re-
sult in animal habituation, potentially decreasing repeat detections 

F I G U R E  1 2 Days to detection for all detections of wolverines and fishers at 14 and 15 overwinter survey stations, respectively, in Idaho 
during winters 2015–2017. Detections were limited to those >24 h apart for a given survey station.
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of individuals since they are not being rewarded. Repeat species-
level detections are necessary for some analytical methods (e.g., 
occupancy estimation [MacKenzie et al., 2002]), while others, such 
as spatial capture–recapture analyses (Efford,  2004), require the 
ability to track repeat visits by individuals. Our study was not set up 
to identify individuals, as we did not deploy run-poles (see Magoun 
et al., 2011) during overwinter surveys, but we did observe repeat 
species-level visits by wolverines, fishers, and martens across both 
study areas (Figures 8, 10–12). Our protocol could potentially be 
combined with a run-pole to provide individual ID data.

Field personnel should take care to minimize vegetation that 
could trigger or block the CT's view, including branches that might 
droop into the viewshed under heavy snow conditions. The verti-
cally oriented CT should be aimed such that the bole of the tar-
get tree is precisely aligned with the sensors, which vary by CT 
make and model. Because orienting the CT vertically reduces its 
horizontal detection zone at ground level, animals who visit the 
CT station but do not approach the base of the target tree may 
be undetected. If this is a concern for a particular target species, 
we recommend securing a second CT to a different tree to record 
photos from another angle—also providing insurance in case the 
primary CT malfunctions.

Hair-snagging devices can be deployed in conjunction with this 
protocol to obtain DNA samples (see Figures 1 and 2 for a sample de-
sign). However, if hair samples are exposed to UV light for prolonged 

periods of time, DNA samples may be damaged and unsuitable for 
genetic testing. Because hair samples could be exposed to ambient 
conditions for up to a year with our protocol, hair-snagging devices 
may be of limited use for collecting supplemental data unless hairs 
are deposited not long before researchers return to the station. We 
encourage researchers who seek to combine our protocol with hair-
snagging devices to explore new methods for shielding hair samples 
from UV light and precipitation in the field in order to maximize DNA 
viability.

Perhaps the most significant limitation of our protocol is that 
CTs or scent dispensers that are rendered inoperable by animals, 
weather, or equipment failure may be left unchecked for up to a year, 
resulting in many months of lost data. Although we did not experi-
ence issues with black bears disturbing camera stations, we do not 
know if grizzlies would present a greater challenge in this regard. 
The authors successfully tested the outer housings of two scent dis-
penser devices for grizzly bear durability by filling them with odor-
ous materials and food and presenting them to two 300+ kg adult 
grizzlies under human care.

We have demonstrated that our CT/scent dispenser protocol 
can generate detection data for wolverines, fishers, and several 
other mammalian species through harsh, snowy winters and over 
the course of a year. This setup requires no revisits by research-
ers during long deployments and is largely resistant to damage by 
wildlife.

F I G U R E  1 3 Day and month of detection for all detections of wolverines and fishers at 14 and 15 overwinter survey stations in Idaho. 
Detections were limited to those >24 h apart for at a given survey station. July–September detections are not shown, as deployments varied 
in terms of survey effort during those months.
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