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Abstract
During an icthyofaunal survey of lakes on southern Victoria Island in the Canadian Arctic Archipelago Slimy Sculpin (Cot-
tus cognatus) were found in Lake Ferguson. The finding is the first recorded instance of the species north of the Dease Strait 
that separates the continental mainland of North America from the Canadian Arctic Archipelago. Captured specimens were 
bio-chemically analysed and compared to published data for other Arctic populations. Comparison of the weight–length 
relationship to other Arctic populations indicate the Ferguson Lake population is generally in poorer condition, a conclusion 
supported by fatty acid data. Comparative stable isotope data also suggest Ferguson Lake Slimy Sculpin display a similar 
degree of niche diversification as other Arctic populations of the species, but are considerably more limited in terms of their 
trophic diversity. Together the data provide an important initial baseline against which to compare future samplings for 
understanding the possible impacts of climate change.
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Introduction

The distribution of freshwater fish species in the Canadian 
Arctic Archipelago is thought to be limited to eight species 
(Power et al. 2008), with the lack of freshwater connectiv-
ity being primarily responsible for limiting colonization 
opportunities to anadromous species (Christiansen et al. 
2013). Increasingly climate change is being seen as a pos-
sible means by which freshwater fish diversity in the region 
will increase (e.g. Reist et al. 2006), with climate change 
induced relaxation of thermal constraints predicted to facili-
tate enhanced freshwater colonization (e.g. Campana et al. 
2020). And while colonization will invariably change the 
fish diversity within the region, existing information gaps in 
space and time for a number of taxonomic groups remain and 
have hampered full understanding of the existing diversity 

in many parts of the Arctic, including the Canadian Arctic 
Archipelago (Laske et al. 2022). This is particularly true of 
the smaller bodied fishes that are typically not included in 
subsistence or commercial fisheries (Tyler et al. 2012).

Thus formal cataloguing of species assemblages have 
often missed species that broader observational programmes 
have recorded. For example, the Laske et al. (2022) circum-
polar biodiversity monitoring analysis of fish used formal 
survey data that failed to record 17 fish species noted using 
a survey of indigenous knowledge, in part because of the 
broader spatial coverage resulting from the use of indig-
enous knowledge (Knopp et al. 2022) and the effect of the 
well-known species–area relationship (e.g. Rosenweig 1995; 
Turner and Tjørve 2005). If we are to understand the impacts 
of climate change on fish assemblages in Arctic freshwater 
ecosystems, it is important that all knowledge regarding the 
range and biology of resident species be accurately cata-
logued over as large an area as possible. Here we report on 
a range extension and trophic data for a sample of Slimy 
Sculpin (Cottus cognatus) recently obtained during scien-
tific sampling on southern Victoria Island, Nunavut. We 
then compare relevant dietary and biological characteristics 
of the sample with similar data reported for other Arctic 
populations.
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Methods

Sampling occurred in Lake Ferguson, the largest lake on 
Victoria Island  (740km2), elevated approximately 11 m 
above sea level (Kristofferson 2002). The watershed is 
underlain by permafrost with a variable active layer typi-
cally < 1 m deep and the surrounding topography is low 
relief, consisting mainly of low, gently sloping hills (Pon-
omarenko et al. 2019).

During a littoral sampling survey for juvenile Arctic 
charr (Salvelinus alpinus) in Ferguson Lake, August 13, 
2017, Slimy Sculpin (n = 7) were obtained as by-catch 
along an expanse of sandy beach (69.315oN, 104.793oW) 
in waters 20–50 cm in depth. Fish were generally cap-
tured from among a series of discontinuous rocky out-
crops and patches of small boulders (typically < 50 cm 
across). Sampling was completed using an electro-fisher 
(Smith-Root LR-24, Smith-Root Inc, Vancouver, WA) and 
dip-nets (6 mm mesh). Specimens were identified using 
descriptions of the species provided by McPhail and Lind-
sey (1970), Scott and Crossman (1973) and Arcisewski 
et al. (2015). Length (mm) and mass (g) were measured 
immediately on return to the laboratory, approximately 
3  h after capture. Sacculus otoliths were removed for 
aging, with age determined by examination of the otolith 
under a microscope (Van Vliet 1964). Fish were then fro-
zen at − 20 °C for shipment south where they were stored 
at − 80 °C until further analysed. For analyses, samples 
of dorsal muscle tissue were removed and freeze-dried 
for stable isotope and fatty acid analyses. Stable isotope 
analyses (δ13C, δ15N) were completed following methods 
described in Davidsen et al. (2020) and Eldøy et al. (2021) 
at the University of Waterloo Environmental Isotope Lab 
using a Delta Plus Continuous Flow Stable Isotope Ratio 
Mass Spectrometer (Thermo Finnigan, Bremen, Germany) 
coupled to a 4010 Elemental Analyser (CNSO 4010, 
Costech Analytical Technologies Inc., Valencia, USA). 
Machine analytical accuracy was ± 0.2% (δ13C) and ± 0.3% 
(δ15N). As tissue C:N ratios did not exceed 4, lipid extrac-
tion or correction was not required (Jardine et al. 2013). 
Fatty acids were extracted and methylated using methods 
described in Grosbois et al. (2017) at the University of 
Quebec in Chicoutimi where trans-esterified fatty acids 
were extracted with hexane and submitted to gas chroma-
tography-mass spectrometry (GC–MS) for identification 
and quantification using calibration curves (e.g. Grosbois 
et al. 2017).

Results and discussion

The capture of Slimy Sculpin in Ferguson Lake occurred 
north of the current known continental coastal limit for the 
distribution of the species in Canada (Fig. 1). Captured fish 
ranged in length from 23 to 101 mm, in weight from 0.05 
to 6.40 g and in age from 1 to 7 years. Spot temperatures at 
time of capture ranged from 11 to 13 °C. When compared 
to other Arctic populations, the weight–length relation-
ship for Ferguson Lake Slimy Sculpin showed them to 
be in poorer condition across the range of sizes captured 
(Fig. 2). Fulton's K at 60 mm (K = 0.58) was one half to 
one third of similar values implied by the weight–length 
relationships reported for other Arctic populations (e.g. 
1.11, 1.02 and 1.52, respectively, for the Chandler River 
(Craig and Wells 1976), Stewart (Power et al. 2002) and 
Toolik (McDonald et al. 1982) lakes).

Stable isotope values, mean ± standard deviation for 
δ13C and δ15N, respectively, were − 25.8 ± 1.8‰ and 
7.6 ± 0.3‰. Values were generally clustered about the 
mean with the exception of the δ13C for the smallest indi-
vidual (δ13C = − 29.7‰), which tested as a significant 
outlier (Dixon's test p < 0.05). When compared to other 
Arctic populations for which data were available, Ferguson 
Lake Slimy Sculpin displayed a range in resource use of 
1.6‰ (± δ13C Std Dev), i.e. niche diversification (Layman 
et al. 2007), within the lake food web that approximated 
the average (1.8‰) reported for other Arctic populations 
(Fig. 3). In contrast, the trophic diversity (±δ15N Std Dev) 
in the diet of 0.3‰ was considerably lower than the mean 
of 0.9‰ seen in other Arctic populations (e.g. Power et al. 
2002; Jones 2010; Arciszewski et al. 2015; Rohonczy et al. 
2020).

Total fatty acid concentration (± Std Dev) in Slimy 
Sculpin muscle was 75.4 ± 28.7 µg×mg−1 dry weight. The 
largest (101 mm) individual had the lowest fatty acid con-
centration, with 49.1 µg×mg−1 dry weight. In contrast, the 
smallest (23 mm) individual had the second highest con-
centration of fatty acids, with 116.3 µg×mg−1 dry weight. 
There are no data for comparison from other Arctic Slimy 
Sculpin, but when compared to Slimy Sculpin sampled in 
Lake Ontario (158.1 ± 39.1 µg×mg−1 dry weight, n = 22) 
(Honeyfield et al. 2012) fatty acid concentrations for Fer-
guson Lake fish were only half as high. Thus, as evidenced 
by both condition factor and fatty acids Slimy Sculpin at 
the northern limit of their distribution are in poorer condi-
tion than those found further south.

At all latitudes Slimy Sculpin have been found to rely 
heavily on benthic invertebrates, particularly Chironomids, 
with Chironomidae being a major prey for Slimy Scul-
pin in Alaskan rivers (Craig and Wells 1976) and lakes 
(Hershey and McDonald 1985) and in the lakes studied 
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within the Great Lakes basin (Walsh et al. 2008; French 
et al. 2010; Chalupnicki and Johnson 2016). Cladocerans 
and other microcrustaceans may also account for a high 
proportion of the diet, consisting of up to 23% of the diet 
(Cuker et al. 1992). Previously reported diets are consist-
ent with the stable isotope values reported here which sug-
gest lower trophic level feeding. Feeding on planktonic 
microcrustaceans, however, appears limited to the early 
juvenile ages as evidenced by the outlying δ13C found for 
the 23 mm fish.

Widely distributed throughout the Northwest Territo-
ries in Canada, Slimy Sculpin have been recorded at sites 
proximate to the Arctic coastline only west of Darnley Bay 
(Sawatzky et al. 2007). Most of the locational records for 
the species in the Canadian Arctic occur in the Macken-
zie River drainage (Sawatzky et al. 2007), a fact reflective 
of the significant amounts of resource development related 
survey work that has been conducted in that drainage. 
Accordingly, the current documented distribution probably 

does not represent the actual distribution of the species. 
As Slimy Sculpin are not a valued subsistence or popular 
recreational angling species, and because of their size are 
typically selected against in scientific surveys using mul-
timesh gillnets (e.g. Portt et al. 2006; Hershey et al. 2006), 
their occurrence in many localities in all likelihood remains 
undocumented. Indeed as noted by Hershey et al. (2006) 
detection of Slimy Sculpin often requires special purpose 
sampling trips.

The current distributional boundaries for Slimy Sculpin 
in the Canadian Arctic include the Kent Peninsula located 
approximately 63 km to the southwest of the capture site 
across the Dease Strait, a marine body of water varying 
in width from 20 to 25 km that borders southern Victoria 
Island and lies immediately to the south of Ferguson Lake. 
Although Slimy Sculpin have a wide North American dis-
tribution, they are generally not considered migratory. For 
example, combined stable isotope and PIT-tagging studies 
have provided little evidence of within season movement 

Fig. 1  Distributional map for Slimy Sculpin (Cottus cognatus) in the 
central Canadian Arctic as revised by Sawatzky et  al. (2007) based 
on reported locational sampling data (small black circles). The heavy 
line towards the top of the map denotes the inferred distributional 
limit of the species based on the location of confirmed samples. The 
range as defined includes areas where the species is thought to exist 
but where its presence has not been confirmed by sampling. Inset 

denotes the North American distribution of Slimy Sculpin (shaded 
grey area). The red dot on the south shore of Ferguson Lake denotes 
the reported capture location for this study and the new northern dis-
tributional limit for the species. The black dot on the inset denotes the 
location of Ferguson Lake relative to North America. Figure  adapted 
from Sawatzky et al. (2007)
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(e.g. Cunjak et al. 2005). More recent work with otolith 
microchemistry, however, has demonstrated a dispersal 
phase during early life for many fish (Clarke et al. 2015), 

which may explain their successful post-glacial dispersal 
across large parts of North America. And while Slimy Scul-
pin are classified as a freshwater fish, the Cottidae evolved 
from marine sculpins that invaded freshwater habitats 
(Yokoyama and Goto 2005). Furthermore, early reports of 
Slimy Sculpin in the eastern Arctic (southern Ungava Bay) 
noted Slimy Sculpin were a common and abundant resident 
of brackish water tidal pools in the estuary of the Koksoak 
River (Dunbar and Hildebrand 1952) where salinities vary 
between 15 and 23ppt (Mohammadain et al. 2019). The 
salinity of such ponds approximates that of the Dease Strait 
and Wellington Bay (18–27ppt, Moore et al. 2016), water 
bodies that Slimy Sculpin would need to cross to gain access 
to Ferguson Lake. Furthermore, patterns of lake occupancy 
on the Arctic Coastal Plain of Alaska point to a distribution 
indicative of the marine origin of Slimy Sculpin with the 
probability of lake occupancy decreasing as distance from 
the coast increases (Haynes et al. 2014). Thus dispersal 
across short stretches of marine habitat are not out of the 
question as Gormley et al. (2005) recently noted in discuss-
ing the colonization of Prince Edward Island off Canada's 
eastcoast.
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