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Abstract: Arctic marine ecosystems are changing, one 
aspect of which appears to be distributional expansions 
of sub-arctic species. For Arctic marine systems, there is 
limited occurrence information for many species, espe-
cially those found in restricted habitats (e.g., ice-covered, 
far north, or deep-water). Increasing observations through 
on-going Fisheries and Oceans Canada (DFO) communi-
ty-based monitoring programs (e.g., Arctic Coast, Cam-
bridge Bay Arctic Char stock assessment, Arctic Salmon, 
and Kugluktuk coastal surveys), community observation 
networks, and local media have augmented opportunities 
to document new occurrences of marine fishes. Combined 
data from historical records and contemporary observa-
tions at the local scale can then delineate these among 

three types of occurrences: gradual distributional expan-
sion, episodic vagrants, and rare endemics. Here we docu-
ment nine occurrences of unusual sightings across six fish 
species (Pink Salmon Oncorhynchus gorbuscha, Bering 
Wolffish Anarhichas orientalis, Greenland Shark Som-
niosus microcephalus, Broad Whitefish Coregonus nasus, 
Banded Gunnel Pholis fasciata and Salmon Shark Lamna 
ditropis) from six northern Canadian communities and 
classify the nature of each observation as rare, vagrant, 
or expanding distributions. Uniting scientific and local 
observations represents a novel approach to monitor dis-
tributional changes suitable for a geographically large but 
sparsely populated area such as the Canadian Arctic. The 
new occurrences are important for discerning the poten-
tial effects of the presence of these species in Arctic eco-
systems. These observations more broadly will build on 
our understanding of northern biodiversity change asso-
ciated with warming Arctic environments.

Keywords: Arctic, biodiversity, observation networks, 
fishes, community-based research

1  Introduction  
The distribution of a particular species in northern waters 
is determined by its thermal tolerance, dispersal capabil-
ity, and availability of resources needed to complete key 
life events [1], as well as historical factors such as effects 
of Pleistocene glaciations [2]. Depending on the habitat 
requirements of a species, the extent of geographic shift 
will vary [3]. Recent periods of extreme warming and 
sea-ice loss have facilitated the presumptive northward 
expansion of species from the Pacific [4] and Atlantic 
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oceans [5-7] into the Canadian Arctic, which may have been 
previously limited by thermal or other physiological bar-
riers [8]. The success of a species’ ability to colonize these 
regions will also depend on their mobility, interactions 
with endemic species, ability to forage, ability to overwin-
ter in conditions often near or below zero, and their ability 
to establish or produce viable and surviving offspring in 
these new habitats [9,10]. The change in a species distri-
bution is likely the result of both environmental shifts and 
increased variability among environmental conditions 
required to inhabit Arctic marine systems. Evidence of 
these large-scale shifts has been documented for species 
found outside their normal distribution [4, 7, 11, 12]. Such 
data are vital for understanding how endemic fish species 
will respond as climate change drives biodiversity shifts 
in the region.

Species may naturally occur outside their known geo-
graphic distribution (i.e., without direct anthropogenic 
relocation) via three different scenarios. First, a new 
species occurrence may be the result of gradual expan-
sion (decades), possibly in response to warming climate 
that renders habitats in new regions more hospitable (e.g., 
Pacific salmon Oncorhynchus spp.; [12, 13, 14]). In this case, 
the spatial distance between observations is relatively 
small as the presence and abundance of a species gradu-
ally increases over time [13]. This incremental shift is gen-
erally linked to a trend in changing environmental condi-
tions, for example, altered temperature regimes [8]. Under 
short time scales (year to year) the observed shift is often 
highly variable and spatially sporadic, largely as a result 
of the magnitude of environmental shifts [14]. Second, a 
new occurrence may also be in response to highly unusual 
environmental variability or an event, leading to a vagrant 
species being found far outside its normal distribution. 
This scenario likely results from dramatic environmen-
tal changes (e.g., warming seafloor temperature, marine 
heat waves) within that year, leading to abrupt shifts in 
a species’ distribution [4]. The extent of environmental 
variation and shift, combined with the different mecha-
nisms that are driving these unusual occurrences, make 
documenting biodiversity change in the Canadian Arctic 
extremely challenging. Lastly, a species may be endemic 
and within its distribution, but be rare or occupy special-
ized habitats, and thus not previously documented at that 
location. There is limited knowledge of distribution and 
habitat use for most fish species, as is the case for many 
species across much of the Canadian Arctic [15, 16].

Given the vast geographic area of the Canadian Arctic, 
coupled with the relative rarity of these types of occur-
rences, multiple strategies are often needed to document 
novel observations. Communication among scientists, 

community-based monitors, and local media to facilitate 
observations has proven to be a useful and necessary tool 
for tracking biodiversity change in remote regions, where 
many knowledge gaps still exist [17, 18]. A network of 
collaborations formed by local fishers and the scientific 
community not only assists with the documentation of a 
noteworthy occurrence, but it aids in the determination of 
likely cause. These different sources for reporting change 
are complementary in meeting the need for ongoing obser-
vations across the Canadian Arctic, and all are useful to 
delineate the type of occurrence (i.e., rare, expanding or 
vagrant). The objectives of this study are to 1) document 
the new occurrences of a species in the marine environ-
ment, 2) infer the nature of each species occurrence (i.e., 
expansion, vagrant or rare) and 3) highlight the impor-
tance of networking as an example of enhanced monitor-
ing that incorporates information gained from scientific 
surveys, community-based monitoring, and local knowl-
edge. These networks of researchers and communities are 
examples of collaborative knowledge sharing platforms, 
that are essential for documenting biodiversity change in 
future years. 

2  Materials and Methods 
The occurrences, locations, dates of capture, and biolog-
ical data of expanding, vagrant or rare fishes were doc-
umented through three different approaches including 
1) community observation networks, 2) on-going Fish-
eries and Oceans Canada (DFO) monitoring programs, 
and 3) local media. The information was then compiled 
to present a more comprehensive understanding of biodi-
versity change across the Canadian Arctic. Species identi-
fications were completed by trained biologists using key 
biological characteristics for each species while in the 
field, using a reference photo, or in the lab using thawed 
voucher specimens. Taxonomy was confirmed using mor-
phometric indices (e.g., lateral line scales, total length, 
orientation of teeth), colouration and patterns (e.g., pres-
ence or absence of bars and/or par marks), presence and 
location of dorsal spots, and/or spawning features (e.g., 
pronounced kype, dorsal hump). Taxonomic keys [19, 20] 
were used to verify the suspected species and confirm if 
the occurrence was outside its known geographic distri-
bution. The records presented here were found between 
2017 and 2019 near to the communities shown in Figure 
1. These years were selected based on the large number 
of new marine occurrences during this period that were 
shared specifically within this network of fish biologists 
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and community-based harvesters. It is likely that other 
similar occurrences were present, including within and 
beyond this timeframe and also among different habitats 
(i.e., fresh water) that are not represented in this manu-
script.

2.1  Community observation networks

Observations made by community members regarding 
unusual fishes are essential for documenting biodiversity 
change in remote locations that are difficult to access. 
Open communication among local harvesters, conserva-
tion officers, wildlife managers and scientists provided 
occurrence data, date and location of capture, photo-
graph, and if possible, samples of an unusual species 
that could be investigated further. These lines of commu-
nication have taken years to develop though community 
engagement and coordination among researchers so that 
a sample may be received, assessed within the broader 
context of an on-going program, and community-driven 

questions addressed. The Arctic Salmon project is a DFO-
led, community-based program established in 2000 with 
the purpose of tracking the generally increasing trend in 
occurrences and expanding distributions of Pacific salmon 
in the Canadian Arctic [11, 13]. The Arctic Salmon project 
is also designed to document new occurrences through 
community-based observation, such as those reported 
here, and it serves as a point of contact among collabora-
tors for reporting unusual fishes and exchanging informa-
tion. Collaborations among Indigenous, non-government 
organizations (e.g., Makivik Corporation or Hunters and 
Trappers Organizations), DFO, and harvesters allowed for 
samples to be collected in Nunavik, Québec (QC), which 
were then identified and processed by scientists for basic 
life history information (i.e., length, mass, sex, maturity). 
In Clyde River, Nunavut (NU), a noteworthy occurrence 
was documented by a local harvester and reported to the 
DFO office in Iqaluit, NU by wildlife biologists, who then 
connected the local harvester to Arctic Salmon. Similarly, 
in the Kitikmeot Region, conservation officers in Kugluk-
tuk, NU, were able to connect local harvesters who caught 

Figure 1: Communities nearest to where new occurrences were reported (star) and locations of DFO research programs (Arctic Coast (open 
circle), Kugluktuk coastal survey (solid circle), Cambridge Bay stock assessment (red circles)), which were affiliated with the collection of 
these records. 
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an unusual fish with Arctic Salmon biologists to iden-
tify the species and better understand why it was found 
outside its known distribution. The observations gathered 
in Nunavik, Clyde River, and Kugluktuk as a result of the 
community observation network are summarized here on 
behalf of the Arctic Salmon project.   

2.2  On-going DFO monitoring programs

The occurrences of unusual fishes were also documented 
by ongoing DFO monitoring programs that typically 
operate each year during the summer and fall seasons. 
DFO-led fish stock assessment surveys, research pro-
grams, as well as projects designed to assess or monitor 
coastal ecosystems including biologically or ecologically 
significant areas (e.g., Arctic Coast), serve as additional 
sources for documenting unusual fishes. The Kugluktuk, 
NU coastal survey was led by DFO researchers, at the 
request of the community, to better understand gadids 
(Gadus spp.) and chars (Salvelinus spp.) in the Corona-
tion Gulf (including any associated freshwater habitats 

for anadromous fishes) due to concerns of declining fish 
numbers. This survey was conducted in the summer of 
2019 to provide a baseline assessment for these coastal 
fishes. Also, in the Kitikmeot Region, the DFO-led Arctic 
Char Salvelinus alpinus stock assessment program based 
out of Cambridge Bay, NU is a long-established monitor-
ing program [21, 22] that has been operating each summer 
since 2009 and serves to sample and monitor commer-
cially harvested Arctic Char in the region. Lastly, Arctic 
Coast is a DFO-led, community-based coastal sampling 
program that collects environmental and ecological data 
in multiple communities across the Canadian Arctic, 
including the Anguniaqvia niqiqyuam Marine Protected 
Area (ANMPA) near Paulatuk, Northwest Territories (NT). 
The Arctic Coast program in the ANMPA has been con-
ducted annually in the summer since 2014.

2.3  Media (social or news)

Local northern media (e.g., Nunavut News, Nunatsiaq 
News) and community-specific social media pages (e.g., 

Figure 2:  Locations of unusual sightings (red squares) for A) Pink Salmon, B) Bering Wolffish, C) Greenland Shark, D) Broad Whitefish, 
E) Banded Gunnel and F) Salmon Shark. Known distributions are shaded in grey [19, 20, 36], while specific historical occurrences (black 
dots) are only shown for Canadian observations  [20]. Latitudes are presented on the left vertical axis, and longitudes are presented on the 
bottom horizontal axis to the nearest decimal degree. 



78    McNicholl et al.

Facebook) provide a source of information regarding 
unusual harvests in the area. Using these platforms, local 
harvesters can share information regarding noteworthy 
occurrences faster and more broadly that ever before. 
Often a post on social media quickly becomes an online 
news article that can then be investigated further by 
biologists or local monitors. An article presented in this 
report was shared among scientists and harvesters until 
it reached DFO biologists who specialize in biodiversity 
change. This observation was then used in this study to 
add to the growing evidence of ecological change in the 
Canadian Arctic. 

3  Results 
Between August 27, 2017 and September 18, 2019, a total 
of nine unusual sightings among six fish species were 
reported beyond their current geographic distribution, 
from six northern communities. The location of each 
noteworthy occurrence in relation to their known geo-
graphic distribution are provided in Figure 2. The specific 
geographic coordinates and biological data for each indi-
vidual are listed in Table 1. Sex and/or maturity data are 
available for species that were processed by biologists, 
whereas records that were only reported through media 
(i.e., the Greenland Shark) or through photos sent through 
the community network (i.e., Pink Salmon in Clyde River 
and Ferguson Lake) do not have corresponding life history 
data. Total length (mm) and mass (g) indicate that all the 
individuals documented here are within their morpholog-
ical limits as documented by taxonomic keys [19, 20]. 

Between 2017 and 2019, there were three new occur-
rences of Pink Salmon Oncorhynchus gorbuscha in the 
Canadian Arctic (Fig. 2A). In 2017, Clyde River, NU, a 
Pink Salmon was reported to the DFO Iqaluit, NU office, 
which then provided harvester contact details to the 
Arctic Salmon project. The harvester provided a geo-
tagged reference photo of the fish next to Arctic Char (Fig. 
A1), although no samples were received by biologists. In 
August 2019, another Pink Salmon (Fig. A2) displaying 
spawning characteristics (evidenced by its colouration, 
pronounced kype and body shape) was caught in Fer-
guson Lake by commercial fishers from Cambridge Bay. 
This individual was provided to DFO stock assessment 
biologists who later shared information with the Arctic 
Salmon program. Later that fall in September 2019, a Pink 
Salmon was also found in Ungava Bay approximately 75 
km upstream in the Arnaud River and was provided by a 
community-based fisher from Kangirsuk, QC. The photo of 

this Ungava Bay salmon (Fig. A3) confirms that this indi-
vidual was also in spawning condition (i.e., pronounced 
kype and dorsal hump). Harvesters provided the sample 
to the Makivik Corporation, where it was processed by 
the wildlife technician at the Nunavik Research Centre in 
Kuujjuaq, QC. Biological data, and reference photos were 
shared at a later date with the Arctic Salmon project.

Unusual sightings of Bering Wolffish Anarhichas ori-
entalis were reported in 2018 and 2019 in Coronation Gulf 
and Darnley Bay respectively (Fig. 2B). In August of 2018, 
during a DFO-led coastal survey near Kugluktuk, four 
wolffish (Fig. A4) were collected and processed as a com-
ponent of the Kugluktuk coastal survey. Although these 
are not the first records of this species in Coronation Gulf 
[23], their rare occurrence was considered noteworthy 
by local harvesters. The first record of this species in the 
Northwest Territories and the Canadian Beaufort Sea was 
recorded in the ANMPA in July 2019. Community-based 
monitors collected the individual (Fig. A5) in Argo Bay, 
where the habitat is generally less saline, warmer, and 
soft-bottomed relative to the northern parts of the MPA 
[24].

The first known occurrence of a Greenland Shark 
Somniosus microcephalus in Coral Harbour was reported 
in October 2018 by a local harvester (Fig. 2C). Informa-
tion regarding this individual was provided by local 
news (https://nunavutnews.com/nunavut-news/green-
land-shark-creates-a-buzz-in-coral-harbour/), including 
harvest date, length, mass, and a photograph to confirm 
the species (Fig. A6).

The first Broad Whitefish Coregonus nasus to be con-
firmed to species level on Victoria Island was captured 
during a summer survey in 2018 near Cambridge Bay (Fig. 
2D). Although another Coregonus sp. had been previously 
observed on the west side of Victoria Island [20], this is 
the first to be confirmed to the lowest possible taxonomic 
level. This individual was collected and processed by the 
Arctic Char stock assessment program including length, 
mass, sex, maturity and a reference photo (Fig. A7). 

The first record of a Banded Gunnel Pholis fasciata 
in the Northwest Territories occurred at Bennett Point, 
within the Darnley Bay ANMPA, located approximately 45 
km north of Paulatuk (Fig. 2E). This individual was col-
lected during a community-based survey in July 2019, and 
processed for length, sex, maturity and a reference photo 
(Fig. A8). The habitat at this location is characterized gen-
erally by a hard-bottomed substrate and extensive mac-
roalgae beds [24], which is consistent with the habitat 
preferences of this species [25].

In September 2019, a Salmon Shark Lamna ditropis 
was harvested near Kugluktuk, NU (Fig. 2F). This is the 

https://nunavutnews.com/nunavut-news/greenland-shark-creates-a-buzz-in-coral-harbour/
https://nunavutnews.com/nunavut-news/greenland-shark-creates-a-buzz-in-coral-harbour/
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first known observation of this species in the Canadian 
Arctic [20]. The shark observation was first reported by 
the harvester to conservation officers, who then reached 
out to their contacts at DFO. The local harvester caught 
this individual in a seal net and worked with local con-
servation officers to provide a photo (Fig. A9), length, and 
samples to the Arctic Salmon program for follow-on anal-
yses. The story was reported shortly after on local news 
(https://nunatsiaq.com/stories/article/western-nunavut-
fisherman-nets-north-atlantic-shark/). 

4  Discussion 
Six species found outside of their known distributions 
across the Canadian Arctic are summarized here, with 
information obtained from three different approaches. 
The majority of novel occurrences, were reported oppor-
tunistically through community networks consisting of 
harvesters, researchers, and northern partners, or through 
local media. Individually, documenting each occurrence 
is important to better understand the contemporary distri-
bution of each species and potential responses to chang-
ing environmental conditions. Together, this information 
not only highlights the importance of recording and com-
municating observations of unusual fishes (as well as 
other taxa) across collection methods, it also contributes 
to filling in knowledge gaps regarding basic species’ dis-
tribution information in the Arctic, and documents broad-
scale biodiversity changes across a range of species and 
areas that may not be observed by isolated records alone. 
The occurrence of new or unusual species in the Canadian 
Arctic can be interpreted as an expected spatial expansion 
based upon information from recent years or from predic-
tive models, vagrants found well outside their normal dis-
tributions, or rare endemic species that lacked previous 
baseline information of their true distributions. 

Among Pink Salmon, we documented three occur-
rences beyond their currently known distribution and 
interpreted these observations as expansion. The expan-
sion of Pacific salmon, including Pink Salmon, to higher 
latitudes has been previously documented for the Alaskan 
North Slope [14, 26] and throughout the western Cana-
dian Arctic [13]. More recent evidence is consistent with 
further expansion of Pink Salmon to Kugluktuk, NU [11] 
and in Greenland [13, 27]. The occurrence of Pink Salmon 
in Clyde River reported here is a noteworthy continuation 
of this geographic pattern as a further expansion of Pink 
Salmon in Nunavut. The gradual expansion of aquatic 
species into the Canadian Arctic has been linked to envi-

ronmental ecological drivers such as warming tempera-
tures, shifts in prey availabilities, and reduction in sea ice 
that once limited dispersal [4, 8, 28].   

The Bering Wolffish captured in Kugluktuk and 
Darnley Bay are representative of rare occurrences. This 
species has likely been under-represented in previous 
sampling efforts given biases in sampling gear and associ-
ation with specialised habitats. Bering Wolffish are asso-
ciated with shallower depths (<100 m) and are typically 
found in nearshore soft-bottomed habitats. The presence 
of wolffish in Coronation Gulf, NU, has been documented 
in a previous Nunavut Coastal Resource Inventory report 
[29], and a previous survey conducted in the region [23]. 
The Bering Wolffish collected by DFO-led coastal surveys 
and reported here contribute to evidence that this species 
is rare and studies are ongoing to better understand the 
life history characteristics of this species for the region. 
Bering Wolffish are listed as “Special Concern” under the 
Canadian Species at Risk Act (SARA). 

The sole observation of a Greenland Shark in Coral 
Harbour, NU, is consistent with either a rare or vagrant 
occurrence. Greenland Shark are endemic to the eastern 
Canadian Arctic, namely off the coast of Baffin Island 
found in cold temperatures (0.5° to 1.2°C; [20]) to depths 
of over 1200 m [30]. This species displays eurythaline 
characteristics and may be found in inshore habitats 
such as fiords and estuaries [31], particularly during the 
winter when the individual reported in Coral Harbour 
was caught. There is limited information on the move-
ment of Greenland Shark in Canadian Waters [31], and it is 
unknown to what extent this includes Hudson Bay. Given 
the elusive nature of this species and the knowledge gaps 
that exist with respect its habitat use and life history in 
Hudson Bay, it is uncertain if this individual is rare but 
present in this region, or if it is a vagrant from the Atlantic 
Ocean, perhaps appearing due to environmental changes. 

The Broad Whitefish reported here is the first con-
firmed occurrence of this species on Victoria Island. Similar 
to the salmon, changing environmental conditions may be 
influencing the current distributions of Arctic fishes such 
as whitefishes. Broad Whitefish are common in the Mac-
kenzie Delta estuary and coastal Beaufort Sea and occur 
as small populations in suitable habitats eastwards along 
the mainland coast [32, 33]. There is a reported occur-
rence of Broad Whitefish on western Victoria Island [20]; 
however, upon further investigation of the original report 
from which this occurrence is based [34], this species was 
not correctly recorded on Victoria Island. This was most 
likely a “Lake Whitefish” (C. clupeaformis), which is not 
uncommon to the area [35, 36], that presumably was acci-
dentally recorded as a Broad Whitefish. With a situation 
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such as this, it is difficult to discern if this Broad Whitefish 
moved outside of their known habitat within the Arctic 
in response to changing conditions or if this species has 
been present in the past but not documented. The former 
is more likely given the regular and extensive local har-
vesting occurring in the area. It is in these circumstances 
that the communication networks among researchers and 
harvesters becomes so critical for interpreting the nature 
of the observation.

Banded Gunnel are found in the North Pacific and 
have also been recorded in Coronation Gulf, therefore the 
individual in this report is considered a rare occurrence 
within its potential distribution [20]. This small, eel-like 
species is most commonly found inshore among seaweed 
beds [19], and is unlikely to be observed by local fishers 
given the gear they typically use (gill nets) or by larger 
research vessels that do not sample inshore. It is doubtful 
this species is expanding its distribution, given that they 
have been documented in other locations of the Canadian 
Arctic [20], but not Darnley Bay specifically. 

The Salmon Shark is representative of a vagrant 
occurrence given that it was found far outside its known 
geographic distribution and there is no local knowledge 
record of this species in the region [20, 29]. Salmon Sharks 
are capable of undertaking large migrations in the north-
eastern Pacific, and although they are generally found 
south of the Bering Strait, individuals have been found in 
the sub-Arctic Gyre of the Bering Sea [37]. This species is 
eurythermal and prefers habitats that are high in primary 
production measured through chlorophyll a where sub-
stantive downwelling and mixing occurs, rather than pre-
ferring a specific thermal range [37, 38]. The conditions that 
caused an individual of this species to occur in Kugluktuk 
are uncertain; however, a combination of warming ocean-
ographic conditions in 2019 [4] or a change in prey avail-
ability may have caused this individual to stray from the 
Bering Sea into Canadian waters. 

The networks among researchers and communi-
ties highlight the importance of communication among 
multiple observational methods (e.g., scientific surveys, 
local knowledge, and social media) in order to document 
unusual occurrences. The input from community-based 
monitors into these programs provides a substantive 
perspective on new or unusual species, and their local 
knowledge can help delineate the nature of such occur-
rences (rare, vagrant, or expansion) beyond the efforts of 
a discrete sampling season. Social media can be a valu-
able tool for connecting local harvesters and researchers 
because it allows for reporting of unusual observations in 
real time, unlike any reporting network in previous years 
[12, 27]. The contribution of local knowledge supplements 

the knowledge gaps that exist among scientific surveys, 
which are conducted over finite periods of time in focal 
areas, by incorporating occurrences over a wider geo-
graphic network and longer temporal scale. 

The network presented here may be incorporated 
into a larger monitoring program, such as Conservation 
of Arctic Flora and Fauna Circumpolar Biodiversity Pro-
gramme (CAFF), or the Local Environmental Observer 
(LEO) Network, and become applicable to other circumpo-
lar nations. The process for documenting biodiversity that 
is presented in this report is an example of a unique col-
laboration formed between science and local observers, 
and like the LEO Network, it highlights the importance of 
engagement at the community level. Integration of these 
locally-based networks are critical for developing policy 
at the national and circumpolar scale. The observations 
included here, as well as the process to document them, 
assist in addressing the knowledge gaps in Arctic biodi-
versity and provide a linkage between community obser-
vations and larger circumpolar network.

As noted, shifts in knowledge of local biodiversity 
can be due to first-time documentation of a rare species 
that occurs regularly in the area, occurrence of a vagrant, 
likely non-reproducing individual, and/or occurrence of 
a species in the process of colonizing the area. While all 
types of observations increment knowledge of biodiversity 
for an area, it is the latter two that are most significant 
in contributing to understanding of the consequences of 
change in the ecosystems. That is, an initial step in the 
process to establish a new population in a new area likely 
includes ‘explorations’ of an area by vagile individuals; 
where suitable numbers of vagrant individuals, relaxed 
limiting factors for life history parameters, and ecological 
conditions co-exist, follow-on establishment of a popula-
tion may occur. Shifts of local environmental conditions 
towards optimal physiological needs of some sub-arctic or 
boreal species, as now appears to be occurring in the Cana-
dian Arctic, provide the basis for potential establishment 
by those species and permanent shifts in biodiversity. 
Accordingly, continued monitoring of habitat and species’ 
distributions is required in order to interpret changes to 
biodiversity in the Canadian Arctic and the associated eco-
system impacts. This is a challenge in a region where bio-
diversity data are limited and the distributions of native 
species is still being developed. Thus, continued monitor-
ing and communication among researchers and commu-
nities is required in order to determine which species are 
new and which ones are expanding, the results of which 
will be valuable indicators of rapid ecological change. As 
the cumulative impacts of climate change drive biodiver-
sity shifts, understanding the nature of unusual occur-
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rences will be necessary for preservation of species in an 
already stressed system. 

Acknowledgements 

The information gathered in this report would not have 
been possible without the participation of local harvest-
ers, the logistical support from local hunters and trappers 
organizations/committees, and science collaborators. We 
thank community-based monitors who worked closely 
with DFO staff in the field to collect samples in Darnley 
Bay (Nelson Ruben and Dwayne Illasiak), and Kugluk-
tuk (Jonathan Niptanatiak and Richard Akana). Samples 
and information received by DFO would not have been 
possible without the support of the Paulatuk Hunters 
and Trappers Committee (Jill Green and Diane Ruben), 
Kugluktuk Hunters and Trappers Organization (Amanda 
Dumond), Ekaluktutiak Hunters and Trappers Organiz-
ation, Government of Nunavut biologists and conserv-
ation officers. We thank our colleagues in Québec at the 
Ministère des Forêts, de la Faune  et des Parcs for their 
continued collaboration (V. Leclerc, V. Nadeau, D. Des-
champs, and V. Cauchon) to better understand the life 
history of Ungava Bay salmon. We recognize L. Beaupre 
from the Makivik Corporation in Nunavik for supporting 
communications between harvesters and scientists in 
different regions. We acknowledge the harvester in Coral 
Harbour, Moses Nakoolak, who first reported the Green-
land Shark to Nunavut News. Funding support for col-
lection of samples or logistical support was provided by 
the Fisheries Joint Management Committee, Government 
of Northwest Territories Cumulative Impact Monitoring 
Program, Crown-Indigenous Relations and Northern 
Affairs Canada, the Nunavut Wildlife Management Board, 
DFO Nunavut Implementation Funding, Polar Continental 
Shelf Program, and Fisheries and Oceans Canada. 

References 
[1]	 Jeppesen E, Mehner T, Winfield IJ, Kangur K, Sarvala J, 

Gerdeaux D, et al. Impacts of climate warming on the 
long-term dynamics of key fish species in 24 European lakes. 
Hydrobiologia. 2012;694(1):1–39.

[2]	 Tonn WM. Climate Change and Fish Communities: A 
Conceptual Framework. Tran Amer F. 1990;119(2), 337–352.

[3]	 Costello MJ, Basher Z, McLeod L, Asaad I, Claus S, Vandepitte 
L, et al. Methods for the study of marine biodiversity. In 
The GEO handbook on biodiversity observation networks. 
Springer. 2017;129-163 p.

[4]	 Huntington HP, Danielson SL, Wiese FK, Baker M, Boveng P, 
Citta JJ, et al. Evidence suggests potential transformation of 
the Pacific Arctic ecosystem is underway. Nat Clim Change. 
2020;(4):342-8.

[5]	 Jonsson B, Jonsson N. A review of the likely effects of climate 
change on anadromous Atlantic salmon Salmo salar and 
brown trout Salmo trutta, with particular reference to water 
temperature and flow. J Fish Biol. 2009;75(10):2381–2447.

[6]	 Haug T, Bogstad B, Chierici M, Gjøsæter H, Hallfredsson EH, 
Høines ÅS, et al. Future harvest of living resources in the 
Arctic Ocean north of the Nordic and Barents Seas: A review 
of possibilities and constraints. Fish Res. 2017;188, 38–57. 

[7]	 Bilous M, Dunmall KM. Atlantic salmon in the Canadian 
Arctic: potential dispersal, establishment, and interaction 
with Arctic char. Rev Fish Biol Fisher. 2020;30(3), 463–483. 

[8]	 Sunday JM, Bates AE, Dulvy NK. Thermal tolerance and the 
global redistribution of animals. Nat Clim Change. 2012;2(9), 
686–690. 

[9]	 Hein CL, Öhlund G, Englund G. Future distribution of Arctic 
char Salvelinus alpinus in Sweden under climate change: 
effects of temperature, lake size and species interactions. 
Ambio. 2012;41(3):303–312.

[10]	 Dunmall KM, Mochnacz NJ, Zimmerman CE, Lean C, Reist 
JD. Using thermal limits to assess establishment of fish 
dispersing to high-latitude and high-elevation watersheds. 
Can J Fish Aquat Sci. 2016;73(12): 1750-1758. 

[11]	 Dunmall KM, McNicholl DG, Reist JD. Community-based 
monitoring demonstrates increasing occurrences and 
abundances of Pacific salmon in the Canadian Arctic from 
2000 to 2017. North Pacific Anadromous Fish Commission 
Tech Report. 2018;11. 87-90. 

[12]	 Millane M, Walsh L, Roche WK, Gargan PG. Unprecedented 
widespread occurrence of Pink Salmon Oncorhynchus 
gorbuscha in Ireland in 2017. J Fish Biol. 2019;95(2), 651–654. 

[13]	 Dunmall KM, Reist JD, Carmack EC, Babaluk JA, Heidi-Jørensen 
MP, Docker MF. Pacific Salmon in the Arctic: Harbingers of 
Change. Responses Arct Mar Ecosyst to Clim Chang. 2013. 

[14]	 Farley EV, Murphy JM, Cieciel K, Yasumiishi EM, Dunmall 
KM, Sformo T, Rand P. Response of Pink salmon to climate 
warming in the northern Bering Sea. Deep-Sea Res Pt II. 
2020;177. 

[15]	 Dey CJ, Yurkowski DJ, Schuster R, Shiffman DS, Bittick SJ. 
Patterns of uncertainty in life-history and extinction risk for 
Arctic vertebrates. Arctic Sci. 2018;4(4):710-21.

[16]	 Niemi A, Ferguson S, Hedges K, Melling H, Michel C, Ayles B, 
et al. State of Canada’s Arctic Seas. Can Tech Rep Fish Aquat 
Sci. 2019;3344: xv + 189 p.

[17]	 Werner K, Fritz M, Morata N, Keil K, Pavlov A, Peeken I, et al. 
Arctic in Rapid Transition: Priorities for the future of marine 
and coastal research in the Arctic. Polar Sci. 2016;10(3): 
364-373.

[18]	 Dunmall KM, Reist JD. Developing a Citizen Science 
Framework for the Arctic Using the ‘Arctic Salmon’ 
Initiative. In: F.J. Mueter, M.R. Baker, S.C. Dressel, and A.B. 
Hollowed (eds.), Impacts of a Changing Environment on the 
Dynamics of High-latitude Fish and Fisheries. Alaska Sea 
Grant, University of Alaska Fairbanks. 2018;https://doi.
org/10.4027/icedhlff.2018.02.



Noteworthy occurrences among six marine species documented with community engagement...   83

[19]	 Mecklenburg C.W., Mecklenburg T.A., Thorsteinson L.K. 
Fishes of Alaska. American Fisheries Society, Bethesda; 
2002.

[20]	 Coad B.W., Reist J.D. Marine Fishes of Arctic Canada. 
University of Toronto Press; 2018.

[21]	 Day AC, Harris LN. Information to support an updated stock 
status of commercially harvested Arctic Char (Salvelinus 
alpinus) in the Cambridge Bay region of Nunavut, 1960-2009. 
DFO Can Sci Adv Sec Res Doc. 2013;068. v + 30 p.

[22]	 Harris LN, Cahill CL, Jivan T, Zhu X, Tallman RF. Updated stock 
status of commercially harvested Arctic Char (Salvelinus 
alpinus) from the Jayko and Halokvik rivers, Nunavut: A 
summary of harvest, catch-effort and biological information. 
DFO Can Sci Advis Sec Res Doc. 2021;062. v + 97 p.

[23]	 Hiscock W, Grant SM. Experimental gillnet sampling of 
starry flounder in the Kugluktuk region of the Coronation 
Gulf: a preliminary biological resource assessment. Report 
submitted to Department of Sustainable Development, 
Kugluktuk and Iqaluit, Nunanvut and Angonaitit Niovkvia 
Limited, Kugluktuk. 2004;v + 24 pp.

[24]	 McNicholl DG, Johnson JD, Reist JD. Darnley Bay nearshore 
survey: synthesis of 2012 and 2014–2016 field programs. Can 
Tech Rep Fish Aquat Sci. 2017;3229: ix + 101 p.

[25]	 Green JM. The banded gunnel, Pholis fasciatus, in 
Newfoundland. J Fish Res Bd Canada. 1970;27:2120-21.

[26]	 Carothers C, Sformo TL, Cotton S, George JC, Westley PAH. 
Pacific salmon in the rapidly changing arctic: Exploring local 
knowledge and emerging fisheries in Utqiaġvik and Nuiqsut, 
Alaska. Arctic. 2019;72(3), 273–288. 

[27]	 Nielsen J, Rosing-Asvid A, Meire L, Nygaard R. Widespread 
occurrence of pink salmon (Oncorhynchus gorbuscha) 
throughout Greenland coastal waters. J Fish Biol. 2020;96(6), 
1505–1507. 

[28]	 Bluhm BA, Gebruk AV, Gradinger R, Hopcroft RR, Huettmann 
F, Kosobokova KN, et al. Arctic marine biodiversity: an update 
of species richness and examples of biodiversity change. 
Oceanography. 2011;24(3): 232-248.

[29]	 Department of Environment. Nunavut Coastal Resource 
Inventory, Kugluktuk. Iqaluit, NU. 2010;ISBN: 978-1-55325-
172-9.  

[30]	 Nielsen J, Hedeholm RB, Simon M, Steffensen JF. Distribution 
and feeding ecology of the Greenland shark (Somniosus 
microcephalus) in Greenland waters. Polar Biol. 2014;37(1), 
37–46. 

[31]	 Edwards JE, Hiltz E, Broell F, Bushnell PG, Campana 
SE, Christiansen JS, et al. Advancing research for the 
management of long-lived species: A case study on the 
Greenland Shark. Front Mar Sci. 2019;6:87.

[32]	 Reist JD, Bond WA. Life history of migratory coregonids of 
the lower Mackenzie River, Northwest Territories, Canada. 
Finnish Fish Res. 1988;9:133–144.

[33]	 Coad BW, Reist JD. Annotated list of the Arctic Marine Fishes 
of Canada. Can Manuscr Rep Fish Aquat Sci. 2004;2674: iv + 
112 p.

[34]	 Stephenson SA. Harvest studies in the Inuvialuit Settlement 
Region, Northwest Territories, Canada: 1999 and 2001-2003 
Can. Manuscr Rep Fish Aquat Sci. 2004;2700. 

[35]	 Sawatzky CD, Michalak D, Reist JD, Carmichael TJ, Mandrak 
NE, Heuring LG. Distributions of freshwater and anadromous 
fishes from the mainland Northwest Territories, Canada. Can 
Manuscr Rep Fish Aquat Sci. 2007;2793: xiv + 239 p.

[36]	 Scott WB, Crossman EJ. Freshwater fishes of Canada. Galt 
House, Oakville, Ontario. 1998

[37]	 Weng KC, Foley DG, Ganong JE, Perle C, Shillinger GL, Block 
BA. Migration of an upper trophic level predator, the salmon 
shark Lamna ditropis, between distant ecoregions. Mar 
Ecol-Prog Ser. 2008;372, 253–264. 

[38]	 Goldman K, Anderson S, Latour R, Musick J. Home-thermy in 
adult salmon sharks, Lamna ditropis. Environ Biol Fishes. 
2004;71:403–411.

Supplemental Material: The online version of this article (DOI: 
10.1515/ami-2020-0113) offers supplementary material


