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Through global positioning system (GPS) collar locations, remote
cameras, field observations and the first wild wolf to be GPS-
collared with a camera collar, we describe when, where and how
wolves fish in a freshwater ecosystem. From 2017 to 2021, we
recorded more than 10 wolves (Canis lupus) hunting fish during
the spring spawning season in northern Minnesota, USA. Wolves
ambushed fish in creeks at night when spawning fish were
abundant, available and vulnerable in shallow waters. We
observed wolves specifically targeting sections of rivers below
beaver (Castor canadensis) dams, suggesting that beavers may
indirectly facilitate wolf fishing behaviour. Wolves also cached fish
on shorelines. We documented these findings across five different
social groups at four distinct waterways, suggesting that wolf
fishing behaviour may be widespread in similar ecosystems but
has probably remained difficult to study given its annual brevity.
Spawning fish may serve as a valuable pulsed resource for packs
because the spring spawning season coincides with low primary
prey (deer Odocoileus virginianus) availability and abundance, and
when packs have higher energetic demands owing to newly born
pups. We demonstrate the flexibility and adaptability of wolf
hunting and foraging behaviour, and provide insight into how
wolves can survive in a myriad of ecosystems.
1. Introduction
How species respond and adapt to varying environmental
conditions is often dependent on diet and dietary flexibility
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[1–4]. Generalist predators can exhibit high dietary plasticity and switch to alternate prey or food sources
when they become available [5,6]. This plasticity is particularly important for predators capturing prey
that are only available or vulnerable for short periods of time (e.g. neonatal prey, [7]). Studying the
dietary plasticity of large ambush predators is particularly difficult owing to their elusiveness and
large home ranges [1,8].

Grey wolves (Canis lupus) are generalist predators that can respond to and capitalize on newly
available food within days. Wolves are adept at exploiting short-term, seasonal food pulses such as
geese (Branta spp.) and molting birds [9], carcasses of livestock or hunter-killed prey [10,11], berries
[12] and salmon (Oncorhynchus spp.) [13]. This dietary plasticity enables wolf occupation of a wide
range of biomes (e.g. deserts, tundra, forests, plains) across the northern hemisphere [14]. Wolf
responses to changing food availability and their use of alternative prey can have implications for
prey population dynamics in the various systems wolves occupy [1].

Over the past two decades, a number of studies have recorded wolves consuming salmon and
responding to the pulsed resource of the salmon spawning season in Alaska and British Columbia
[13,15–20]. In coastal British Columbia, wolves target salmon regardless of the availability of their
primary prey (deer), indicating that salmon are an important seasonally available food source for
wolves even when primary prey are abundant. Hunting salmon is less risky (i.e. smaller chance of
injury from prey, shorter travelling and handling time) for wolves compared to hunting and killing
ungulates. Salmon also have enhanced fat and energy value over deer [18] and can provide a food
resource equal in magnitude to ungulates [15]. The fact that salmon are a more easily acquirable prey
that wolves hunt independent of ungulate abundance suggests that wolves may prey on salmon
wherever wolves and salmon geographically overlap [16]. For example, in northern Québec and
Labrador, Canada, wolves feed on Arctic char (Salvelinus alpinus—a member of the Salmonidae
family) in shallow rivers during the late-summer and early autumn spawning period [1].

Despite these findings, wolf use of fish, particularly non-salmonid species, is still poorly understood.
A large portion of available literature on wolf consumption of fish includes stable isotope, scat and
stomach content analyses [1,13,15,17–24]. These studies are valuable to quantify the relative amount of
fish wolves consume compared to other foods, but investigators have paid considerably less attention
to how wolves acquire fish when they are available [16,25,26]. Previous accounts of wolf consumption
of lake trout (Salvelinus namaycush) and northern pike (Esox lucius) [22,23] indicate that wolves
consume freshwater fishes, but until recently it remained unclear whether wolves scavenge or actively
hunt freshwater fish species [22–24].

In 2017 Gable et al. [27] documented two global positioning system (GPS)-collared wolves (a yearling
and breeding male) hunting and killing white suckers (Catostomas commersoni) at a creek in northern
Minnesota, USA during the spring spawning season. Gable et al. [27] directly observed the yearling
wolf hunting and consuming fish, and GPS-collar data provided evidence that the breeding male
(father of the yearling) also hunted and consumed fish. This was a novel record in wolf ecology
because it confirmed wolves hunt freshwater fishes. However, these observations provide no
indication if wolf fishing behaviour is common in different social groups or recurs across years.

Since the behavioural observation in 2017, we documented several wolves from different social
groups hunting and killing fish in the Greater Voyageurs Ecosystem (GVE), Minnesota, USA using
GPS-collar locations, remote cameras, GPS collars equipped with cameras, and field observations.
Together, these lines of evidence produce detailed observations of wolves fishing in a freshwater
ecosystem. Our objective is to provide an in-depth description and summary of this elusive behaviour,
including (i) when wolves hunt fish, (ii) where wolves primarily fish, and (iii) the dominant hunting
strategies used to catch fish. Our work provides evidence that wolf ‘fishing’ behaviour is probably
widespread across similar boreal ecosystems but has remained hard to study given its ephemeral nature.
2. Material and methods
2.1. Study area: the Greater Voyageurs Ecosystem
The GVE (figure 1) is made up of Voyageurs National Park in the north, and US Forest Service, state-
owned and commercial forest in the southern and central portions [12]. The GVE contains numerous
creeks and tributaries that are connected to four large lakes (Kabetogama, Rainy, Namakan and Sand
Point). Typically, lakes freeze during late October to mid-November and most waterways (e.g. creeks,
rivers) are ice-free by mid-April [28].



Figure 1. Map of the Greater Voyageurs Ecosystem (GVE; white line). Map includes Voyageurs National Park (black line), and creeks/
rivers (yellow lines) where wolves were recorded fishing in northern Minnesota, USA.
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Wolf packs occupy the entirety of the GVE and the area has maintained high wolf densities for
greater than 30 years [29,30]. Wolf densities from 2017–2021 were estimated to fluctuate between
approximately 45 and approximately 75 wolves 1000 km2 [31]. White-tailed deer (Odocoileus
virginianus) are the primary annual prey of wolves (density = 2–4 deer km2), with adult deer making
up approximately 40% of wolf diet and fawns making up approximately 20% of wolf diet from April
to October [11,32,33]. Beavers (Castor canadensis) are important seasonal prey for wolves because of
their abundance (density = approx. 1 colony km2) [11], constituting up to 42% of wolf pack diets
during the ice-free season (April to October) when they are vulnerable to predation [34]. Moose (Alces
americanus) are relatively rare in the GVE with only 0.15 moose km2 in Voyageurs National Park, and
are rarely detected in wolf diet [11,35]. More than 50 fish species, including white suckers (Catostomus
commersonii), yellow perch (Perca flavescens), northern pike (Esox lucius), and blacknose shiner (Otropis
heterolepis) inhabit the lakes of the GVE and use the connected waterways (e.g. streams, creeks) as
spawning habitat in the spring [28]. From 2012 through to 2015 fish comprised a negligible proportion
of diets for wolves in and adjacent to Voyageurs National Park [27,32,36].
2.2. Documenting wolf fishing behaviour
We documented fishing behaviour every summer in the GVE from 2017 to 2021 through four different
sources of data: (i) a direct observation of a wolf fishing, (ii) wolves fitted with GPS collars [27], (iii)
remote camera footage, and (iv) a GPS collar with a camera attached that recorded videos from the
wolf’s perspective. All data were assessed as an amalgamation across years, data types, and wolf packs.

We ear-tagged and fitted wolves with GPS-collars via the methods outlined in Gable et al. [29]
following Institutional Animal Care and Use Committee approvals by the U.S. National Park Service
(MWR VOYA WINDELS WOLF) and the University of Minnesota (protocol ID: 1905-37051A).
Ear tags provided unique IDs for each wolf that we used to recognize wolves in remote camera
videos. Wolves were GPS-collared as part of the annual data collection of the Voyageurs Wolf Project
(VWP), a larger research project studying the predation behaviour and reproductive ecology of wolves
in the GVE.
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2.2.1. In-field observations: incidentally recording fishing behaviour

In 2017, a yearling from the Bowman Bay Pack (V046) was incidentally observed hunting fish along a
shallow portion of Irwin Creek (see [27]). Gable et al. [27] examined the time spent fishing by the
yearling wolf and their pack mate (V034) that year via 20min and 12 h GPS-collar locations
respectively. Despite the difference in fix-interval rate, both wolves showed similar spatio-temporal
patterns in fishing behaviour and the estimated time each wolf spent ‘fishing’ only differed by 4%.
The time these two wolves spent fishing as determined by Gable et al. [27] was used in our analysis.

2.2.2. GPS collar data: GPS clusters

After the initial observations of wolves fishing in 2017 [27], to determine if and when subsequent wolves
fished in the GVE, we searched GPS clusters of wolves fitted with 20 min fix interval collars. We
considered a cluster as two or more consecutive GPS locations within a 200m radius of the first
location of the cluster [27,29]. When at clusters, we searched a 20m radius around all GPS locations
associated with the cluster to identify prey remains and other evidence of predation events. We
assumed that wolves hunted and killed fishes at GPS clusters where fresh fish scales, gill plates, blood
and intestinal contents, fins and/or fish bones were found. Notably, we only considered wolves to
have hunted fishes at sites where wolf sign was abundant (i.e. wolf hair, scats and tracks) and there
was no evidence of other predators (scats, tracks or hair from bears (Ursus amercanus), raccoons
(Procyon lotor), otters (Lontra canadensis) etc.). If fish remains were old (tissue was hard and black,
bones were bleached by the sun, etc.) we did not assume the wolf actively fished because they may
have been scavenging. We did not estimate the number of fish killed by wolves at clusters owing to
the large amounts of fish remains present at each cluster site [27]. When possible, we identified the
species of fish from the remains at the clusters. When we found evidence that wolves were fishing, we
noted the depth of the water (less than 1 or greater than 1m deep) and whether there were any active
beaver dams nearby.

2.2.3. Remote cameras: capturing fishing behaviour

In 2018 and 2019, we placed remote cameras along Irwin Creek to capture photographs and video
footage of the Bowman Bay pack fishing (figure 1), the only pack we have remote camera data for.
We only placed remote cameras along Irwin Creek because Irwin Creek is where we observed wolves
fishing in the field in 2017, and available resources only permitted cameras at Irwin Creek. In 2018,
we placed one Reconyx Silent Image (set to take bursts of five photos 1 s apart when triggered) and
one Reconyx Ultrafire (set to take 30 s videos with a 1 s delay between videos) along the creek edge
from 7 May to 23 May. In 2019, we placed 21 remote cameras (all Browning Spec Ops Advantage)
along Irwin Creek from 19 April to 17 May and programmed the cameras to record 20 s videos when
triggered with a 1 s delay between videos.

We considered an ‘event’ as a series of photos or videos of the same wolf(ves) where 10 min or less
elapsed between sequential photos or videos. If greater than 10 min elapsed between sequential pictures
or videos, then we considered it a unique event (similar to the image classification in [37,38]). We
recorded the date, start and end time, duration, number of wolves, if the individuals were collared
and their ID, and the primary behaviour of the wolf(ves) during the event. We classified observed
behaviours into seven categories: on creek bank, wading, successful fishing attempt, failed fishing attempt,
carrying fish, caching fish and unknown fishing attempt (table 1; electronic supplementary material, video
S1). Owing to a camera malfunction, dates were not recorded for 11 events captured between 19 April
2019 and 25 May 2019. Behaviours captured in these events were analysed, but videos from these
cameras were not used to define the start and end dates of fishing periods (see ‘Categorizing wolf
fishing period’ section below).

2.2.4. Camera collar: capturing fishing behaviour

In 2020, a lone male wolf was fitted with the first 20 min fix interval collar with a built-in video camera to
be deployed on a wild wolf (Vectronic-Aerospace Vertex Plus Collar). The collar recorded one 30 s video
at the beginning of every hour during daylight hours (approximately 6.00–20.00) for 43 days from 28
April 2020 to 9 June 2020 before the collar dropped off as programmed. We then examined all video
footage and recorded the behaviours observed in each video (running, walking, bedding, licking



Table 1. Ethogram of wolf fishing behaviours recorded along Irwin Creek in the Greater Voyageurs Ecosystem via remote
cameras in 2018 and 2019.

specific behaviour definition

on creek bank wolf runs, walks or stands on the bank of creek

wading wolf walks or runs in the water of the creek

complete fishing

attempt

wolf is observed successfully ambushing and catching a fish but is not observed caching the

catch

failed fishing

attempt

wolf unsuccessfully attempts to catch a fish that is visible

carrying fish no observation of wolf catching a fish, but the wolf carries a fish in its mouth without

dropping and leaving it (i.e. the wolf has the fish in its mouth for the entire duration of the

video)

caching fish wolf has a fish in its mouth, drops the fish on the creek bank, and leaves the fish (i.e. the

wolf does not eat the fish but rather caches it)

unknown fishing

attempt

wolf attempts to catch a fish (lunges towards water, plunges snout in water, or chases after

visible fish in frame) but the outcome of the attempt is not visible in the video footage (i.e.

wolf leaves video frame, video cuts out etc.)
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paws, eating, sniffing, etc.; table 2; electronic supplementary material, video S2). We also recorded the
species of any identifiable prey that the wolf consumed.
2.3. Categorizing wolf fishing period
We refer to the time that each collared wolf spent hunting and handling fish as the ‘fishing period’,
defined as the first and last date each wolf was documented fishing based on the four methods
described above [27]. If GPS cluster data were not available, we used remote camera or camera collar
footage of wolves fishing to define fishing periods (table 2). In remote camera footage, we could not
reliably identify individuals without collars. Consequently, uncollared wolves captured on remote
cameras, or wolves where we were unable to detect a collar, were classified as one group within the
year we recorded them (table 2).

To examine how the spatial movements of wolves change in response to the availability of fish, we
examined the time individual wolves spent at and around specific ‘fishing water sources’ before,
during, and after wolves hunted and handled fish [27]. We defined ‘fishing water sources’ as any river
or creek where in field observations, clusters, remote camera evidence and/or camera collar footage
indicated wolves fished. We quantified the amount of time wolves spent fishing and handling fish at
fishing water sources as per Gable et al. [27]. Specifically, we quantified the amount of time individual
wolves spent within 20 m and 500 m of fishing water sources during an individual fishing period from
20 min GPS fixes. We considered time spent within 500 m of a fishing water source as an index of the
time wolves spent hunting and handling fish [27]. Our cluster data and camera collar footage indicate
that wolves in the GVE commonly bed down 500 m from fishing water sources to consume fish
between fishing events. We considered time spent within 20 m of a fishing water source as an index of
the time wolves spent actively hunting fish. This method follows previous studies that have quantified
wolf handling time of prey [39]. Specifically, Tallian et al., [39] quantified the time wolves spent
consuming prey as the GPS locations within 100 or 200 m of a carcass site, and the time wolves spent
handling prey as the GPS locations within 100 or 200 m of a carcass site as well as all GPS locations
where the first point within a GPS cluster occurred within 12 h of a kill site. We created histograms of
the locations recorded within the buffers on an annual and daily scale, and visually examined the peaks
of those histograms (similar to [40]). Spatial analysis was completed via QGIS (v. 6.4.6 Greenbelt) and R
v. 4.0.4 (2021-02-15).

Our attempt to define when wolves fished is an index and probably does not capture the full extent of
the behaviour because both remote camera footage and 12 h GPS locations might be too infrequent to
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reliably record short-term behaviours such as fishing. Cameras provide an incomplete record of fishing
behaviour because they do not exhaustively cover areas where wolves are fishing, resulting in missed
fishing behaviours. Additionally, wolves probably were not exclusively hunting, consuming, and handling
fish within 20 and 500 m of fishing water sources where we observed them fishing during their fishing
period. Each data source only opportunistically captured a particular aspect of the fishing behaviour and
in some instances, from only one or a few individuals. However, by synthesizing these varied and diverse
lines of evidence, we have been able to provide deeper insight into this unique behaviour.
ing.org/journal/rsos
R.Soc.Open

Sci.10:230210
3. Results
We documented 10 collared wolves from five different social groups fishing at four different rivers or
creeks between 2017 and 2021 in the GVE (table 2 and figure 1). The 10 fishing wolves included eight
males and two females, of which four were breeding individuals, five subordinates and one lone wolf.
Five collared wolves were from the same pack (Bowman Bay), whereas the other four collared wolves
all belonged to different packs. These four wolves from different packs were the only individuals
within their respective packs that were fitted with GPS collars (table 2). The 10 fishing wolves made
up approximately 34% of the total wolves collared and studied by VWP during the spring spawning
season from 2017 to 2021 (10 out of 29 total collared wolves). We did not have sufficient information
to determine if several collared individuals fished (e.g. wolves collared after the spring spawning
season, or wolves with collars that failed). In all observations of wolves successfully killing and
consuming fish, we recorded wolves killing white suckers.

We recorded GPS locations for nine of the 10 fishing wolves, as one collar failed immediately after
deployment (V067). However, remote cameras recorded V067 fishing a year after she was collared.
Seven of the nine successful GPS collars recorded wolf locations every 20 min and two recorded
locations every 12 h. We searched clusters from six of the seven wolves with 20-min fix location
collars to identify fishing sites (V046, V062, V077, V071, V094 and O0C; table 2, see the Camera Collar
Data section below for information on the seventh wolf, V089, with a 20 min fix interval collar). Gable
et al. [27] searched a subset of wolf V046’s clusters until her collar dropped off in late summer.

Each wolf that hunted fish did so during the spring spawning season between April and May
regardless of the year (table 2 and figure 2). We refer to the time that each collared wolf spent
hunting and handling fish as the ‘fishing period’ [27]. Only one wolf hunted and killed fish in June
and July (wolf O0C). Wolf fishing periods lasted on average 19 ± 10.5 (s.d.) days with a maximum
fishing period length of 43 days by wolf O0C. Wolf O0C had two distinct peaks in fishing behaviour
in June and July, indicating that he was not intensely fishing for all 43 days of his fishing period
(figure 2). For example, O0C only spent time within 500 m of the water source where he fished for 27
of those 43 days. Wolves mainly fished between the hours of 20.00 and 6.00 (figure 2) in shallow
waterways less than 1 m deep downstream of beaver dams (figure 3).

For wolves with 20 min fix interval collars (n = 7; table 2), we considered the number of GPS locations
within 20 m and 500 m of a fishing water source as an index of the time wolves spent hunting or hunting
and handling fish respectively during their fishing period. Wolves spent more hours per day on average
within these buffers during their fishing period (2.11 ± 1.75 (s.d.) h within 20 m buffer and 10.8 ± 7.39
(s.d.) h within 500 m buffer) than the same length of time before (0.98 ± 0.96 (s.d.) h within 20 m buffer
and 4.94 ± 8 (s.d.) hours within 500 m buffer) or after (0.48 ± 0.53 (s.d.) h within 20 m buffer and 5.19 ±
6.19 (s.d.) h within 500 m buffer) their fishing periods (figure 4). We did not conduct a statistical test on
these differences because the sample size was small. All wolves except one (V071) spent more hours per
day within 20 m of their fishing water source during their fishing period than before or after. All
wolves, including V071, spent more hours per day within 500 m of their fishing water source during
their fishing period than before or after. V077 spent the most hours per day within their 20 and 500 m
buffers during their fishing period (5.17 and 23.8 h respectively). V062 did not spend any time within
20 m of their fishing water source before their fishing period, but did spend time within 500 m of their
fishing water source before their fishing period (0.4 h per day).

3.1. Remote camera data
We recorded 59 separate remote camera events of wolves fishing in or near Irwin Creek in 2018 and 2019.
We observed collared wolves in 37% (n = 22) of fishing events. In 63% (n = 37) of events, we observed
uncollared wolves or unknown wolves (i.e. wolves we could not determine if they were collared or not).
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3.1.1. Fishing behaviours captured by remote video cameras

Of the 59 events recorded, we categorized 2% (n = 1) of the videos as successful fishing attempts, 3% (n = 2)
as failed fishing attempts, and 2% (n = 1) as unknown fishing attempts. Five per cent (n = 3) depicted wolves
caching fish on the stream bank, 2% depicted wolves carrying fish (n = 1), 34% (n = 20) depicted wolves
wading in the creek and 53% (n = 31) depicted wolves on the creek bank.
3.1.2. Description of fishing behaviours captured on remote cameras

Here, we provide a written description and summary of fishing behaviour observed on remote cameras.
The observed hunting sequence consisted of wolves waiting on the creek bank or wading in shallow
water less than 1 m deep, visually or auditorily (electronic supplementary material, video S3)
detecting a fish, and then ambushing the fish by plunging their snout into the water.

One event captured a successful fishing attempt from an uncollared wolf (figure 5; electronic
supplementary material, video S1). In the video, the wolf stood on the creek bank. The wolf then
stepped into the creek, successfully caught a fish with its mouth, then walked onto the creek bank
and out of frame.

In a video taken 3 min after the successful fishing attempt, the wolf returned to the bank until it
appeared to hear a splash that is audible in the video, which caused the wolf to wade back into the
water (electronic supplementary material, video S3). One minute later, the wolf returned to the creek
bank and heard another splash. The wolf promptly waded back into the water again and lunged at a
fish out of the camera frame.
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Figure 4. Hours per day wolves with 20 min fix interval collars (n = 7) spent within 20 m and 500 m of their fishing water source.
We presumed that during each wolf’s fishing period, hours spent within 20 m and 500 m of their fishing water source represent
hours spent hunting fish, as well as hunting and handling fish respectively.

Figure 5. Images of an uncollared wolf ambushing a freshwater fish. Images are from a remote camera video recorded at Irwin
Creek in northern Minnesota in May 2018.
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Figure 6. An image taken from camera collar footage of wolf V089 eating a freshly killed fish in May 2020.
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Within the next 30 min following the end of this successful fishing attempt, the same remote camera
recorded two separate video events of an uncollared wolf caching fish (electronic supplementary
material, video S1). Three events in total, including the two mentioned above, captured uncollared
wolves caching fish they caught. In all three events, the wolf exited the creek and dropped a single
fish onto the bank. In two of these events, the fish was clearly alive and writhing until the wolf killed
the fish by biting down on it before subsequently dropping it again. In two of the three caching
events, the wolf returned to the creek after caching the fish on shore.

We recorded two unsuccessful fishing attempts, one of an uncollared wolf and one of a collared wolf
(V034; electronic supplementary material, video S1). In the video of the uncollared wolf, the wolf
stood on the edge of the creek with its front paws in the water actively looking into the creek. A fish
swam by, and the wolf unsuccessfully attempted to capture it. In the event depicting the collared
wolf’s unsuccessful fishing attempt, the wolf chased a fish in a circle around a shallow section of Irwin
Creek. After failing to capture the fish, the wolf exited the creek. Shortly thereafter, the wolf briefly
returned to the creek before leaving again.

We recorded an unknown fishing attempt from an uncollared wolf in 2018 in which the wolf was on the
creek bank with its front paws in the water and then lunged forward into the creek and out of the video
frame (electronic supplementary material, video S1). A fish swam by just after the wolf left the frame.

One event in 2018 captured an uncollared wolf carrying a fish (electronic supplementary material,
video S1). The event began with the wolf on the bank walking up from the creek with a fish in its
mouth. The wolf then trotted out of the frame still carrying the fish in its mouth.
3.2. Camera collar data
We recorded six videos via camera collar of a wolf attempting to catch fish and 12 videos of the wolf eating
or standing at a fish kill (figure 6; electronic supplementary material, video S2). These 18 videos of fishing
behaviour constituted 42% of all camera collar videos associated with hunting and eating prey during the
43 d deployment period, and 2% of all videos recorded by the camera collar during this time.
4. Discussion
Our study describes in detail the behaviour of wolves hunting freshwater fishes in a boreal forest
ecosystem using a diverse set of data and methods. This work provides further evidence that wolves
are adept at quickly responding to alternate prey, despite the challenges with documenting these
short-term responses in a cryptic carnivore. Additionally, although wolf ambush hunting behaviour
has historically received less attention than cursorial hunting behaviour [41,42] our research suggests
that both ambushing and fishing are not as rare a behaviour for wolves as previously thought [27],
and may be widespread across similar ecosystems.

Wolves generally fished in shallow waterways (less than 1 m deep) probably allowing wolves to hunt
without fish detecting their presence before an attack is launched, as well as limiting the ability of fish to
escape. Deeper water probably reduces wolves’ ability to detect and successfully capture fish. Our
observations are similar to those of wolves hunting salmon in British Columbia where wolves were
recorded fishing in water no more than 0.5 m deep [16].
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Environmental conditions and landscape features can facilitate wolf fishing behaviour by reducing
water levels and making fish more accessible. We observed several wolves in different years spending
substantial time hunting fish in the shallow area just downstream of beaver dams, indicating dams
create favourable fishing conditions for wolves. Beavers build dams that become physical barriers for
fish travelling upstream, and often fish congregate below these dams as a result [43]. In addition,
dams create shallow downstream waterways that make fish more vulnerable to predation [44,45].
Beaver colonies and associated dams are numerous in the GVE and across the boreal ecosystem [46].
Our observations indicate that beavers, by constructing dams, can create favourable conditions for
catching fish and thus indirectly facilitate fishing behaviour by wolves.

In 2021, a major drought in Minnesota resulted in lower-than-average water levels across the state
[47]. The drought conditions reduced many waterways to a small trickle by mid-summer and
appeared to concentrate and trap fish in shallow pools or sections of rivers and creeks. The only wolf
documented fishing outside of the April–May period (wolf O0C) occurred during this drought.
Although only a single individual, we suspect that low water levels can facilitate fishing behaviour
later in the summer [22,23], though future research should investigate the implications of seasonal
water levels on wolf fishing behaviour.

Wolves clearly used ambush strategies to catch fish, adding to growing evidence that wolf predation is
more flexible than the cursorial behaviours primarily used to hunt ungulates [41]. Indeed, the fishing
behaviour we observed is similar to the ambush strategies wolves use to hunt salmon [16,48], and
beavers [41]. Our video evidence suggests that auditory cues are particularly important for this ambush
behaviour in the GVE, given the fact that wolves hunt fish at night when visual cues may be inhibited.
Interestingly, on multiple occasions the sound of a surfacing fish caused wolves to quickly return to the
creek in an attempt to catch fish (electronic supplementary material, video S3). A written account of
how wolves hunt salmon indicates ‘Once a salmon splashed in the shallow stream and two of them
[wolves] raced after it’ ([26], within [48, pp. 155]). The splash from a fish is probably an important cue
for launching an attack and is possibly why wolves target shallower areas where prey are more easily
detected.

Previous accounts of wolves fishing are largely limited to behavioural observations recorded during
daylight hours [16], but the observations presented here suggest that wolves use auditory senses at night
in a similar manner as black (U. americanus) and brown bears (Ursus arctos). Both bear species showed an
increase in capture efficiency during twilight or darkness compared to daylight hours [49,50]. This is
largely owing to the fact that salmon generate auditory cues such as splashing while they spawn that
predators cue in on, and schools of salmon are less responsive to shoreline intrusion at night [40,50].
Consequently, black and brown bears shift from relying on visual cues during day to relying on
auditory cues during night to locate and hunt salmon, a behavioural pattern we suggest wolves
probably use when fishing too.

Wolves can probably recognize and respond to the short-term daily availability of fish by
catching, killing and caching them on shorelines when available at night, and then consuming
the fish when they are not available during the day as a way to maximize the number of fish
caught (i.e. optimize resource acquisition rates). This behaviour follows the rapid-sequestering
hypothesis, where an animal caches a temporarily abundant food source to maximize harvest rate
while decreasing travel costs [51,52]. Wolves in British Columbia were observed carrying salmon
into nearby forests or estuaries, but whether fish were immediately consumed was unknown [16].
Similar behaviour was observed in red foxes (Vulpes vulpes), where an individual left, hid or buried
captured European carp (Cyprinus carpio) approximately 20–30 m from the shore of a reservoir [53].
We only observed three video events of wolves caching fish, so it is unclear whether the behaviour
is common.

The spring spawning season aligns with a time of year when wolves have low ungulate hunting
success [48,54]. For wolves, spring is between good adult deer hunting in the winter, when wolves
have an advantage over their prey in deep or crusted snow, and the arrival of vulnerable and readily
available fawns in early summer [54]. Throughout this period of decreased deer availability in spring,
pups are born [54]. We found fish remains at den sites used by the Bowman Bay Pack in 2017 and the
Half-Moon Pack in 2021 (D. R. Freund, T. D. Gable, and A. T. Homkes 2021, unpublished data),
indicating that wolves may provision pups with fish. Additionally, four of the collared wolves fishing
were breeding males that frequently returned to their dens right after fishing, presumably to provision
the nursing female and/or pups. Seasonal fish runs within the GVE may therefore serve as a valuable
pulsed resource to wolves when deer availability is low and packs have greater energetic demands
because of newly born pups.
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Once fish become available, wolves appear to spend the majority of their time hunting and killing
fish [27]. This focus on catching fish probably leads to a corresponding decrease in predation of other
primary prey species such as beavers and deer. For example, using methods described by [46], we
determined that a young male wolf (V077) killed three beavers from 7–14 May before fishing from
19–29 May, during which time fish were the only prey remains we documented while searching
clusters from this wolf. Fish are probably a more energetically profitable and safer prey to hunt and
kill than beavers because they require less search time, less energy to acquire and consume, and have
less potential to inflict injury [16,54]. Even beavers that are caught on land, where they were once
assumed to be defenceless, can be difficult to kill [48,55]. To understand the proportion of diet that
freshwater fishes make up during the spring spawning season, future studies can incorporate the use
of scat or stable isotope analysis across multiple packs. Although this will not elucidate if wolves
actively hunted versus scavenged fish, it will increase our understanding of the importance freshwater
fish play in the annual diet of wolves and the degree of dietary plasticity in response to a pulsed resource.

Our observations indicate that fishing behaviour can develop individually or be learned from other
pack members, providing insight into how fishing might arise and persist in wolf populations. We
observed multiple generations of fishing wolves at the same creek within the Bowman Bay Pack from
2017 to 2019, suggesting that social learning may be responsible in part for perpetuating fishing
behaviour. Offspring from breeding animals that fish may be more likely to fish when they are adults.
However, the initial development of fishing may be an opportunistic response to available resources,
whereby individual wolves can independently develop this behaviour given the right conditions. For
example, in 2019, we studied V077’s predation behaviour from early spring to autumn, during which
time the wolf never fished. In 2020, the wolf became the breeding male of a newly formed pack and
hunted and killed fish by himself. The only other pack-member, his mate, was collared and studied as
well but she did not hunt or kill fish. Thus, the fishing behaviour by V077 appeared to develop
independently of other individuals. Additionally, the 10 collared wolves we observed fishing were
from five different social groups. This social variety suggests that wolf fishing behaviour arose across
these individuals separately by opportunistic response to available resources.

Through the amalgamation of opportunistic data presented here, we provide a detailed description of
a cryptic and brief behaviour, occurring on average less than 20 days of the year. Although we do not
suspect that fish play a significant role in annual wolf diet owing to the brevity of the spawning
season, understanding the extent of wolf ambushing behaviour and foraging flexibility can provide
important life-history information and guide conservation and management efforts [18,27,56]. Grey
wolves are recolonizing regions in North America and Eurasia for the first time in decades, and
knowledge of their prey selection will aid in predicting future ecological impacts of wolves, as well as
avoid surprises that may undermine conservation and restoration goals [14]. Additionally, the fishing
behaviour of wolves appears sensitive to changes in water levels, and thus human-induced changes to
local water levels via direct (e.g. human-built dams, removal of beaver dams) or indirect mechanisms
(e.g. climate change) are likely to influence the frequency of wolf fishing behaviour. We expect that
future research investigating wolf predation on freshwater fish populations will reveal this behaviour
elsewhere across wolf range, and continue to elucidate wolves’ ability to respond to ephemeral
fluctuations in secondary prey.
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