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North American wolverines Gulo gulo are a species of conservation concern across
much of their range. The remote and rugged terrain they occupy has led to the devel-
opment of various remote detection methods. While visual identification of wolverine
tracks has a long history of use, it has recently been considered less reliable than other
remote identification methods. We evaluated the ability of 29 observers to identify
wolverine from photographs of snow tracks. Each observer reviewed 99 observations:
48 of wolverine and 51 of species whose tracks are confusable for wolverine. The iden-
tification of each observation used was independently verified by visual observation of
the animal that made the tracks or genetic samples collected from the tracks that con-
firmed field identification. We compared the performance of observers based on their
demographic characteristics and the details present in each observation. Observers
demonstrated a low false-positive error rate, cumulatively misidentifying observations
of other species as definitively wolverine less than 1% of the time. The only clear dem-
ographic predictor of an observer's skill was their level of tracking certification via
Cybertracker Conservation. Higher certification levels produced more positive detec-
tions of wolverine than did low or no certification. Observations with clear details in
individual tracks produced the highest rate of positive detections. Depending on the
level of certainty expected, observers detected 75-88% of wolverine observations that
contained clear details in the tracks and clear track patterns, with a false-positive error
rate of 1.1-3.5%. While the error rate did not increase, positive detections occurred
less in observations without morphological details in individual tracks or clear track
patterns. Observers called these ‘unknown’ more often. Our results indicate that
observers can consistently distinguish wolverine from other species from photographs
of snow tracks and refute the assumption that visual track identification is inherently
unreliable.
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Introduction

Wolverines Gulo gulo are a low-density circumboreal species
of conservation concern across much of their North American
distribution. They are currently listed as threatened in the con-
tiguous United States under the federal Endangered Species
Act, and the Committee on the Status of Endangered Wildlife
in Canada (COSEWIC) lists the wolverine as Special Concern.
The species occupies remote rugged terrain that is not easily
surveyed. Due to the difficulty of access to this terrain, various
methods for remote detection have been employed to aid in
the research and monitoring of wolverines including remote
cameras, genetic sampling and track identification.

For professional research endeavors, track identification
from photographs can provide a cost-effective, low-tech, and
easily replicable method for monitoring wolverine. Modern
smartphones are commonly carried by members of the pub-
lic and can provide high-quality georeferenced photographs,
making them exceptional snow track data collection tools.
Track evidence is simple for the general public to both observe
and understand. If subsequent expert review of photographic
observations yielded reliable identification results, it would
substantiate this particular form of community science and
add a demonstrably reliable method to collect data on wolver-
ine and other species. Additionally, with the impacts of win-
ter recreation on wolverine becoming a point of conservation
concern (Krebs et al. 2007, Switalski 2016, Heinemeyer et al.
2019, Barrueto et al. 2022, Machowicz et al. 2022), this
method of track identification could provide a valuable tool
to ascertain the overlap between winter recreation and wol-
verine habitat use, and to engage the public in research and
conservation of the species.

Cascades Wolverine Project (CWP) runs a community
science program in the Cascade Mountains of Washington
State where wolverine populations appear to be undergo-
ing a range expansion into habitat they were extirpated from
early in the 20th century (Aubry et al. 2012, McKelvey et al.
2014). Wolverine habitat in these mountains is primarily
roadless with a large amount of elevational relief and dan-
gerous winter field conditions that makes access for studying
the species logistically difficult for professional survey efforts
(Aubry et al. 2012). CWP solicits photographic observa-
tions of putative wolverine tracks from backcountry travel-
ers who recreate in wolverine habitat (primarily backcountry
skiers, snowshoers, and snowmobilers in winter; hikers and
mountaineers in summer). Photographs are submitted via an
online portal and are subsequently independently reviewed
by two experts to determine whether the tracks in the photos
were made by a wolverine.

In Washington State, between 2016 and 2020 there were
a total of 115 verifiable wolverine detections (photographs
of the individual or genetic samples) documented by all for-
mal research and monitoring efforts in the state (range 17-29
per year, mean 23, Long and MacKay 2024). Between 2020
and 2024, CWP categorized 46 track observations from the
public as ‘definitively wolverine’ and another 43 as ‘likely
wolverine’ (total 89, range 9-27 per year, mean 17.8, CWP
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unpubl.). Inclusion of these track observations in various
conservation-oriented analyses could substantially increase
our understanding of the current distribution of the species
in Washington State.

Wildlife tracking is an extension of naturalist skills that
have been employed around the world for millennia to study
and manage wildlife (Liebenberg 1990, Stander 1997). While
the identification of tracks has a long history of use in research
and monitoring of wolverine and other sympatric mam-
mal species (Zielinski and Kucera 1995, Matyushkin 2000,
Wright and Ernst 2004, Basille et al. 2009, Gardner et al.
2010, Poley et al. 2018), there has been a recent tendency to
assume that track identification is an unreliable method for
identification of North American wildlife (McKelvey et al.
2006, Ulizio et al. 2006, Franklin et al. 2019). Studies of the
reliability of track identification are sparse and yield widely
varying results depending on the species that was identi-
fied and the observers who were tested (Stander et al. 1997,
Evans et al. 2009, Zielinski and Schlexer 2009). We found
no studies that have investigated wolverine tracks specifically.

Methods that evaluate observer reliability also vary widely.
Stander et al. (1997) visually observed animals making tracks,
after which study participants were tested on identification
and interpretation of the tracks. Evans et al. (2009) used cer-
tified experts to evaluate the interpretation of track and sign
evidence by study participants and performed an analysis of
an existing dataset collected by the participants to assess the
relationship between specific observers and the likelihood of
detection of the target species. Zielinski and Schlexer (2009)
measured the inter-observer consistency in identification of
tracks left on track plates where the definitive identification
of the species that made the track was not assumed. Several
research efforts assessed the viability of genetic sample collec-
tion of wolverines and Canada lynx Lynx canadensis, and pub-
lished how often putative tracks of a particular species yielded
genetic samples of that species with an assumption that the
genetic identification was absolute (Davison et al. 2002,
Squires et al. 2004, McKelvey et al. 2006, Ulizio et al. 20006).
We found no published research that tested the reliability of
identification of tracks based on photographic evidence.

To assess the validity of the identification method used by
CWP, we tested the reliability of observers to identify wolver-
ine tracks in snow from photographs. We investigated and
discussed the role of two different types of explanatory vari-
ables on the performance of observers: 1) the experience and
demographics of observers, and 2) the amount and type of
detail in the tracks presented in each observation. We defined
reliability by two criteria: 1) the rate of false-positive errors in
identification of wolverine (misidentification of tracks made
by a species other than a wolverine as a wolverine), and 2)
the rate of correct identification of tracks made by wolver-
ine. Given a set of photographic observations that reflects the
range of data submitted by the public to CWP’s community
science project, we predicted: 1) observers would be able to
distinguish wolverine from other species via photographs of
snow tracks with a false-positive error rate of < 5% (a stan-
dard metric for accuracy in a dataset), 2) observers with
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Figure 1. Examples of photographs of wolverine tracks in snow that were the basis of this study.

higher levels of experience and training in track identifica-
tion would produce fewer errors and correctly identify more
wolverine than those with little to no experience or training,
3) observations containing more detail in the tracks and track
patterns would produce higher detection rates than observa-
tions with limited detail, and 4) the tracks of fisher Pekania
pennanti and Canada lynx would be the most challenging
species to distinguish from wolverine (Fig. 1).

Study area

Wolverines occupy arctic, boreal, and mountainous temper-
ate regions of North America with persistent spring snow-
pack (Copeland et al. 2010). We collected photographic
observations of snow tracks from both wolverine and other
species commonly misidentified as wolverine from vari-
ous locations in North American wolverine range through
collaboration with other researchers. Observations came
from Wildlife Conservation Society Canada’s wolverine
radio telemetry study in Red Lake, Ontario, Canada; Swan
Valley Connections' Rare Carnivore Monitoring program
in Condon, Montana; North Cascades wolverine telemetry
project in Winthrop, Washington; and Washington Predator—
Prey Project in Winthrop, Washington, as well as incidental
observations made by biologists in Washington, Minnesota,
Ontario, and Alberta. Observations were made between
2006 and 2021. Observers tested in this study were located
in Alaska, California, Colorado, Minnesota, Montana, Texas,
Washington, Wyoming, Utah, Alberta, British Columbia,
New Brunswick and Ontario.

Methods

Photographic observations
We compiled a database of 99 photographic observations of
snow tracks of wolverine (n =48) and other North American

species whose tracks have been confused with wolverine
(n=51). An ‘observation’ was defined as a set of photographs
of the same species and from the same event presented to
observers as a single test question (Fig. 2). Each observa-
tion had between 1 and 8 photos in total. Eighty-nine of
the observations included a recognizable scale or object (e.g.
hand, trekking pole, notebook) placed in the photo adjacent
to the tracks and the exact measurement of the object was
provided to observers.

Observations were designed to mimic the type of data sub-
mitted by the public to CWP in terms of species diversity,
number of photographs per observation, and quality of the
tracks and track patterns portrayed in each observation. We
determined which species” tracks could be confused with a
wolverine by reviewing the actual species in CWP data that
were believed to be wolverine by a member of the public
upon submission. Amending a method from Halfpenny et al.
(1995), each observation was given a ‘photographic snow
track quality’ (PSTQ) rating to distinguish observations with
a high degree of detail in foot morphology and track pat-
tern from those with limited details (Table 1). We distributed
observations used in the test between each level of PSTQ to
evaluate how the quality of observations affected observer
performance (Table 2).

Photographs used in observations were of tracks in snow
where the identification of the species that made the tracks
was independently verified by one of the following meth-
ods: direct observation of the animal (n=82), remote cam-
era photographs of the animal that made the tracks (n=1),
genetic samples (hair or scat) collected from tracks that match
the field identification of the tracks (n=15), or a combina-
tion of multiple methods (n=1). Direct observation includes
instances where the photographer saw an animal and then
photographed the tracks, followed tracks until they observed
the animal, or photographed tracks of an animal that was
caught or released from a live-trap. Along with wolverine
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Observation 5

Figure 2. Example of an observation presented to observers. Photographs are of a single observation of wolverine tracks from release of a
live-captured wolverine obtained by researchers in Red Lake, Ontario, Canada, in winter 2021. The observation was assigned a unique
number (observation 5 in this case), and each photo within the observation was given a sub-number for direct reference (5-1, 5-2, etc.).
Measurements for included scale were also given, in addition to clarifying notes regarding which tracks observers should evaluate.

tracks, we used photographs of snow tracks of fisher, river
otter Lontra canadensis, Pacific marten Martes caurina,
Canada lynx, mountain lion Puma concolor, wolf Canis lupus,
domestic dog Canis lupus familiaris, coyote Canis latrans, red
fox (ulpes vulpes, black bear Ursus americanus, and hoary mar-
mot Marmota caligata (Table 2). We used a larger number
of observations of Canada lynx (n=21) and fisher (n=12)
tracks than other species as these were the two species pre-
dicted by the authors and colleagues we asked to be the most
difficult to distinguish from wolverine based on past field
experience.
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Observer demographics

We selected observers based on two types of expertise: 1)
those with a high degree of wildlife track identification skill,
and 2) academically trained scientists with field experience
working with wolverine. Within these categories, some
observers included both traits. We collected the following
demographic information from observers: highest level of
scientific academic education, highest level of wildlife track-
ing certification, self-identified expertise level with wildlife
tracking (amateur, defined as ‘little or no experience’ with
wildlife track and sign; professional, defined as ‘regularly
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Table 1. Categories for classifying photographic snow track quality (PSTQ) of observations.

Individual track details clear and track pattern clear (highest quality observation). For this category multiple clear tracks must

PSTQ 1
(n=29) be visible with all of the structures of the animal’s foot plainly visible in the track. The trail also must include a clear
presentation of the repeating pattern of tracks. Under these circumstances, with a recognizable scale, definitive
identification should be possible
PSTQ 2  Individual track details clear but track pattern obscure. Details for individual tracks as in category 1 but the observation is
(n=17)  lacking photographs that show the pattern of footfalls clearly. With clear details in individual tracks and a recognizable
scale, identification of a wolverine should be possible
PSTQ 3  Track details obscure but track pattern clear. A common presentation for tracks in loose snow or older tracks that have been
(n=28)  snowed in where the track pattern presents clearly but there is little (overall size and shape possibly) or no (totally snowed
in) detail in the individual tracks. If the track pattern is one that is distinctive to mustelids and the overall size of the tracks
and track pattern is discernible, identification of a wolverine may be possible. If the track pattern is one shared by numerous
species and/or there is no definitive scale for reference, identification as a wolverine is likely not possible
PSTQ 4  Individual track details obscure and track pattern obscure. Without clear detail in tracks or a plainly visible track pattern,
(n=25) definitive identification of tracks is likely not possible

apply wildlife tracking techniques for work (i.e. biologist,
educator, naturalist, etc)’; and expert, defined as ‘professional
with specific expertise in wildlife tracking (i.e. published lit-
erature, Cybertracker specialist certification, providing tech-
nical training, etc.)’), approximate number of times they
had observed putative wolverine tracks in the field, and past
experience with systematic review of photographs of tracks
(Table 3). Our sample included 8 female observers and 21
male observers.

The primary objective criteria we used for establishing
wildlife tracking skill was certification through Cybertracker
Certification  (https://cybertracker.org/tracking/tracker-cer
tification/), an international system that awards certifica-
tion based on performance through a rigorous field test.
Our observers included those with no certification (they had
not been evaluated by this system), Track and Sign Level 2,
Level 3, and Specialist certifications. A Level 2 certification
is awarded to those who demonstrate an accuracy level of
80-90% of track and sign identification of a wide variety of
difficulties. A Level 3 certification demonstrates an accuracy
of 90% or higher for a wide variety of difficulties. To earn
the Specialist certification, observers must demonstrate near
100% accuracy in their interpretation of very difficult wild-
life track and sign in the field (Liebenberg et al. 2018).

Test design

Due to the limited number of experts to test based on our
definition, all of the observers were known colleagues of
at least one of the authors of this paper. Each observer was
assigned a random personal identification number (PIN) by
the test administrator that identified their test answers while
allowing for a blind analysis of the resulting data.

We recruited as many observers as possible from within
the two primary demographics designated as experts to make
as large a sample size as possible. However, both academically
trained wolverine researchers and highly certified wildlife
trackers represented a relatively small group of observers in
North America, producing a final sample size of 29 observers.

Each observer was provided with the same training on
how to complete the test in the form of an instructional video
and the opportunity to ask questions of the test administra-
tor. The instructional video included training on how to use

a ruled scale to determine the actual size of tracks in obser-
vations compared to the scale provided in the observations.
Additionally, written instructions and reference material
suggestions in the form of published materials on wolver-
ine tracks were provided. Observers were informed that they
could use any published materials, personal field notes, and
photographs to assist them, but they were not permitted to
discuss the observations with anyone else. We did not pro-
vide training on how to identify wolverine tracks specifically.
Observers were not informed of the species included in the
test or in what numbers they may occur.

Using an online testing platform (Qualtrics, www.qual-
trics.com), each observer reviewed the same 99 observations
in the same order. We randomly ordered the observations
both by species and by PSTQ. Observers were also given a
PDF of all the observations to reference previous observa-
tions without exiting the online testing platform. There was
no time limit to complete the test and observers could exit
and return to the test at a later time if they became fatigued.
If an observer had seen an observation prior to the test (e.g.
the observer also submitted the original observation) they
were instructed to skip that observation. Observers were
instructed to categorize each observation into one of four
categories: 1) definitively wolverine; 2) likely wolverine; 3)
identity unknown; or 4) definitively not wolverine (Table 4).

Analysis
We looked at the cumulative performance of all observers
to produce an overall false-positive error and true-positive
detection rate. Due to small sample sizes within demographic
groups, we used descriptive statistics (mean) with confidence
intervals to compare relative reliability of various observer
groups and the influence of PSTQ and species on reliability.
To compare the relative effectiveness of various dem-
ographic groups we used the mean value of the error and
detection rate by individual observer and then averaged these
means across every observer within the demographic group
along with a confidence interval. To evaluate the effect of
PSTQ on how observations were categorized by observers,
we took the mean value of how often an individual observer
categorized an observation as identifiable versus unknown

within each PSTQ level and then averaged those to produce
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Table 4. Categories for classifying the identification of observations.

Category 1:
Definitively
wolverine

Tracks are the correct size and overall shape. If there is limited detail in the tracks, the track pattern is one of
several that is distinctive for this species for the size of the tracks and trail. When tracks show details of the
animal’s foot, all of the characteristics that are observable are typical for wolverine (e.g. shape, size and

distribution of toes and palm pad, length and orientation of the claws). The scale used to identify the size of
the tracks is unambiguous. If the track pattern is ambiguous, such as a direct register walk or trot pattern, the
individual tracks must present sufficient distinctive characteristics so as to rule out any other species.
Identification must include a minimum of two observable characteristics that preclude any other species

Category 2:
Likely
wolverine

All details that are observable in the tracks, track pattern, and context fit for wolverine, but there is not enough
evidence to definitively rule out one or more other species that could make similar-appearing tracks.
Photographs that have clear details that fit for wolverine but are lacking an unambiguous scale fall into this

category. Definitive identification is not possible

Category 3:
Identity
unknown

Category 4:
Definitively
not a wolverine

Not enough information in the reported tracks to definitively identify the tracks as either a wolverine or not a
wolverine. While it is possible that the tracks could be made by a wolverine, there is not enough evidence to
suggest this is more likely than one or more other species

These observations have enough details to definitively rule out wolverine. The tracks may be identifiable as
another species. At a minimum there are characteristics in the tracks or track pattern that eliminate the
possibility that the tracks were made by a wolverine

However, observations with clear morphological details
and a recognizable track pattern produced true-positive iden-
tifications defined as ‘definitively wolverine’ 74.5% (% 1.1%)
of the time. Combining ‘definitively’ and ‘likely wolverine’,
true-positive detection rates for these observations increased
to 88.0% (& 4.8%). As predicted, observations without clear
details in footprints and no recognizable track pattern pro-
duced a greater number of ‘unknown’ categorizations than
observations with these details.

Role of observer demographics

Overall, there was a high degree of consistency across differ-
ent demographic groups for rates of correct identifications
and errors. The mean false-positive error rates between vary-
ing levels of education, the number of times observers had
observed putative wolverine tracks in the field, or their previ-
ous experience with systematically reviewing track photos all
fell within the confidence intervals for one another (Fig. 3).
Across the different ways that we grouped observers by dem-
ographic characteristics, those with a Specialist certification
(n=7) were the only demographic group that made zero
false-positive errors.

Observers with Level 3 and Specialist certifications in wild-
life tracking made more true-positive detections than those
with no certification or Level 2 certification (Fig. 3). The
range of the confidence interval between these two groups
did not overlap when the observer categorized an observa-
tion as ‘definitively wolverine’ and when we combined both
‘definitively wolverine’ and ‘likely wolverine” categories.

Species confused for wolverine

Of the 12 false-positive errors that were made in total, six
were fisher, five were lynx, and a single false-positive error
came from a river otter observation. Lynx comprised 41.2%
of the non-wolverine tracks in the test (n=21) and 41.7%
of the total false-positive errors in the study. Observers con-
fused lynx tracks for wolverine 0.8% (& 0.8) of the time.
Fisher comprised 25.5% of the non-wolverine tracks in the
test (n=13) and 50.0% of the total false-positive errors.
Cumulatively, observers confused fisher tracks for wolverine
1.6% (+ 1.4) of the time. There were only two occasions

where a single observation led to more than one false-positive
error across all 29 observers (two false-positive errors for a
single observation of lynx tracks and four false-positive errors
for a single observation of fisher tracks).

Influence of PSTQ and number of photographs per
observation

The amount and type of detail in the tracks appeared to have
an influence on correct identification rates and false-positive
errors, as well as on the ability of observers to categorize the
observations at all (Fig. 4). Observations that included both
clear details of individual tracks and recognizable track pat-
terns (PSTQ 1) produced the highest rate of true-positive
detections (74.5% =+ 6.6), followed by observations that
included details in individual tracks but lacked a discernible
track pattern (PSTQ 2, 40.2% =+ 10.3). Observations with-
out details in tracks or a recognizable track pattern (PSTQ 4)
produced the highest rate of unknown identification (53.5%
+ 7.9) as well as the lowest rate of true-positive detections
(3.8% =+ 2.9). We found no correlation between the total
number of photos within a single observation and true-pos-
itive (rau=0.5, p=0.11) or false-positive rates (tau=0.32,
p=0.29).

Discussion

We found that a wide variety of observers can distinguish
wolverine from other species with similar tracks that over-
lap the distribution of wolverine in North America from
photographs of tracks in snow. Most importantly, observ-
ers were able to avoid misidentifications of wolverine with
a high degree of accuracy. The ability to avoid false-positive
errors is a foundational element of reliability of a dataset
(McKelvey et al. 2008). For a species of conservation concern
such as wolverine, it is of critical importance to determine
the presence of the species where such identification is used,
to direct limited funds and resources towards research and
conservation efforts (McKelvey et al. 2008).

Like other remote detection methods, it was not possible
for observers to definitively positively identify every set of
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Figure 3. Performance based on observer demographics at the time of testing (November 2021-January 2022). True-positive detection rate
and false-positive error rates were calculated for both (A) exclusively category 1 (‘definitively wolverine’) and (B) when category 1 was

lumped with category 2 (‘likely wolverine’).

wolverine tracks shown to them (Gooliaff and Hodges 2018,
Potter et al. 2019, Zett et al. 2022). Rates of true-positive
detection were comparable with reported detection rates
from remotely collected genetic samples (McKelvey et al.
2006, Ulizio et al. 2006). These results suggest that the use of
track identification can produce datasets with low false-posi-
tive error rates and allow for use of low-skilled field observers
and members of the public (community scientists) to make
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initial observations while experts can confirm identification
out of the field, thereby greatly increasing the survey effort,
distribution, and longevity of a study.

Observer demographics

While all demographic groups were able to avoid false-
positive errors to a high degree, specific expertise in wildlife
tracking led to higher detection rates. These findings were
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Figure 4. Influence of photographic snow track quality (PSTQ) on true-positive and false-positive rates for all observers. True-positive
detection and false-positive error rates were calculated for both (A) exclusively category 1 (‘definitively wolverine’) and (B) when category 1

was lumped with category 2 (‘likely wolverine’). (C) represents the overall rate of category 3 (‘identity unknown’).
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consistent with previous research that showed highly skilled
wildlife trackers in southern Africa with no academic train-
ing produced highly reliable results (Stander et al. 1997), and
specific training in wildlife tracking was helpful for biologists
charged with track identification (Evans et al. 2009).

Predictably, lumping observations categorized as ‘defini-
tively wolverine’ and ‘likely wolverine’ yielded both an
increase in the total true-positive detections as well as an
increase in the number of false-positive errors. This finding
suggests that observers can evaluate their own reliability in
their stated level of confidence. Additionally, observations
with a low PSTQ were more likely to lead to an ‘unknown’
identification, which also suggested that observers were
able to discriminate between photographs that yielded reli-
able results and those without adequate information for
identification.

Avoiding false-positive errors

While the overall number and rate of false-positive errors in
this study is low, the factors that produced them are informa-
tive and lead to guidelines for avoiding similar mistakes for
projects reviewing track observations in the future.

Lynx and fisher were predicted to be the most difficult
species to distinguish from wolverine. In certain snow condi-
tions, lynx have tracks that look distinctively different from
wolverine but are similar in size. However, when no detail is
present in individual tracks besides their overall shape, their
tracks can look quite similar. Wolverine and lynx have some
track patterns that appear similar (e.g. when walking or trot-
ting) and others that are distinctive from each other (e.g.
loping patterns used by wolverine versus the bound used by
lynx for high-speed travel). The rate of false-positive errors
for lynx tracks was the same as the overall error rate, suggest-
ing lynx are no more difficult to distinguish from wolverine
than other species, except in as much as their tracks are often
found sympatrically with wolverine.

Fisher leave tracks that look very similar to, but are dis-
tinctively smaller than, wolverine. The two closely related
species can create all of the same track patterns. Fifty percent
of all false-positive errors in the study were from tracks made
by fisher. Test observations included photos of both smaller
female and larger male fishers (those closest in size to a wol-
verine). However, all false-positive errors came from fisher
observations where the tracks are too small for any of the
published size ranges given to observers for wolverine tracks.
Therefore, to ensure fisher tracks do not become false-positive
errors, researchers may require all definitive identifications
of wolverine to objectively show tracks that fall within the
expected size range for the species.

CWP uses two expert reviewers to independently catego-
rize each observation received. When there is a consensus in
category between reviewers, the categorization of the observa-
tion is set. In instances where there is disagreement between
reviewers, the most conservative classification is used to avoid
false-positive errors (e.g. ‘likely wolverine’ rather than ‘defini-
tively wolverine’ or ‘unknown’ rather than ‘likely wolverine’).
A more liberal approach is reasonable where the research goal
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is a larger set of likely detections but the ability to avoid false-
positive errors absolutely is less of a concern. Alternatively,
the demonstrated error and detection rates found here can
be used as the basis for accounting for uncertainty in models
built on data collected with this method.

Influence of PSTQ

Observations that included clear details in individual tracks
(with or without track patterns associated with them) pro-
duced the highest rate of true-positive detections of wolver-
ine. This suggests that photographs with clear track details
(PSTQ 1 and 2) will provide the basis for the most accurate
dataset.

Observations with limited track detail or a discernable
track pattern (PSTQ 4) did not produce an increase in
false-positive errors but did increase the likelihood that the
observation would be categorized as ‘unknown’. These sorts
of observations are common in community science submis-
sions (CWP unpubl.). This suggests that their inclusion in an
analysis will not substantially increase the number of accurate
detections, nor will they introduce a greater error rate.

Advantages and disadvantages of photographic track
identification

Given that snow track evidence can be reliably identified
by qualified observers, this method has certain advantages.
Field observers do not need a high degree of training to iden-
tify potential tracks of target species to make observations
in the field, which lends itself to community science efforts
and inclusion of unskilled field personnel in collecting obser-
vations. This method requires no specialized equipment or
storage, transport, and analysis of fragile specimens, making
it highly cost effective. In appropriate field conditions, track
identification is a more consistent way to detect carnivores
than remote cameras (Pirie et al. 2016). The tracking method
in our study can be easily integrated into recreational pursuits
of the general public, while observations can be reviewed in
bulk at a later date as opposed to one at a time in the field. In
comparison with genetic sampling, the interpretation of evi-
dence is more straightforward with less room for contamina-
tion, and a more transparent and repeatable external review
of the original evidence.

Conversely, our data suggested that a certain number of
wolverine observations will not be categorized as ‘definitively
wolverine’, which will affect how these data can be used, with
both the skill of the observer and the quality of the informa-
tion presented in photographs affecting the positive detection
rate. Analysis of these data can take this fact into account in
the interpretation of their results. We suggest research proj-
ects that employ our method for collecting track photographs
in the field provide clear guidelines for field personnel to
obtain the highest-quality dataset possible.

We chose a narrow study design that mimics the types of
data a community science project receives from the public.
To make broader inferences about the accuracy of track iden-
tification from photographs of a variety of wildlife species, a
study design could be considered in which observers are not
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instructed to look for a specific species and the number of
observations is more equally distributed across species.

Given that wildlife tracking is a component of traditional
ecological knowledge from around the world, it is not surpris-
ing that a wide range of experienced contemporary observers
are able to perform this skill in a modern context with a high
degree of accuracy. We found the published assumption that
track identification produces unreliable data (McKelvey et al.
2006, Ulizio et al. 2006, Franklin et al. 2019) appears to be
false in this application.

Research implications

Photographs of wolverine snow tracks can provide reliable,
definitive evidence of the presence of wolverine when identifi-
cation is made by the appropriate observer or set of observers.
Wildlife tracking skill is independent of scientific training,
and studies using track evidence should ensure that observ-
ers interpreting observations have the appropriate expertise.
While quality genetic samples can provide much more infor-
mation about an individual animal than visual observation of
tracks alone, the growing tendency to rely on genetic evidence
over track evidence for simple species identification perhaps
reflects the lack of confidence in this method by those design-
ing surveys, rather than an intrinsic lack of reliability of the
method. Snow track evidence combined with community
science data collection methods can substantially increase the
power of monitoring efforts, with numerous other benefits
including community engagement, transparency in research
methods, long-term monitoring, and exploring the relation-
ship between wolverine land use and recreational human land
use. Replication of this track identification method for other
species besides wolverine could expand the use of this inex-
pensive and accessible monitoring method for a variety of
other wide-ranging species of conservation concern.
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