Polar Biology
https://doi.org/10.1007/s00300-018-2348-8

ORIGINAL PAPER

Feeding ecology of a common benthic fish, shorthorn sculpin
(Myoxocephalus scorpius) in the high arctic
Justin J. Landry1 · Aaron T. Fisk1
Steven T. Kessel1

· David J. Yurkowski1 · Nigel E. Hussey1 · Terry Dick2 · Richard E. Crawford3 ·

Received: 9 May 2017 / Revised: 2 April 2018 / Accepted: 2 June 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract
Shorthorn sculpin (Myoxocephalus scorpius) commonly occur in nearshore areas during open water periods in the Arctic,
yet little is known about their feeding strategies or trophic roles. This study used carbon (δ13C) and nitrogen (δ15N) stable
isotopes (SIs) and stomach content analysis (SCA) to assess shorthorn sculpin trophic position (TP), carbon sources, dietary
specialization and prey selection, and the significance of polar cod (Boreogadus saida) in their diet across body size and
multiple years. Sculpin TP increased with body size [range = 4.0 ± 0.1 (< 20 cm) to 4.6 ± 0.2 (> 25 cm)] and was consistent
with SCA; smaller individuals fed predominantly on invertebrates while larger fed more on fishes. Shorthorn sculpin had
high % reliance on pelagic resources (α) for a benthic fish, from 0.62 ± 0.05 to 0.63 ± 0.06, thus coupling benthic and pelagic
sources. Dietary specialization based on SIs in liver and muscle occurred in all size groups, and along with TP and niche
width varied between years, generally increasing with fish found in SCA. The presence of polar cod, absent two of the four
study years, did not significantly affect any dietary metrics measured in shorthorn sculpin, and cannibalism appears to have
had a greater impact on shorthorn sculpin trophic ecology. This study demonstrates that shorthorn sculpin are an important
secondary to tertiary consumer in nearshore Arctic marine habitats due to coupling multiple trophic pathways, demonstrating
plasticity in diet between years, and exploiting an array of prey across size ranges.
Keywords Shorthorn sculpin · Dietary specialization · Trophic position · Arctic food webs

Introduction
Many organisms exhibit varying levels of diet generalization
and specialization both among and within species, which
can have important implications for food web dynamics and
population niche width size, and ultimately for stabilizing
complex systems (Kondoh 2003; Ceia and Ramos 2015).
Different feeding strategies within species are influenced by
ontogenetic shifts, prey availability, or dietary specialization
(Osenberg et al. 1992; Croxall et al. 1999; Woo et al. 2008).
In complex food webs, larger consumers tend to feed on a
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broad range of prey and these typically mobile consumers
are considered to couple multiple trophic pathways, which
is believed to lead to food web stability (Rooney et al. 2006).
The ability to switch between multiple prey items may also
be effective for species in dynamic environments where
prey availability changes seasonally and between years
(Tamelander et al. 2006). However, even within generalist
populations, individuals, irrespective of age, sex, and body
size, may exhibit a high degree of specialization to specific
resources (Bolnick et al. 2003; Costa et al. 2015). This specialization may be in response to competitive exclusion when
prey availability is low (Svanbäck and Bolnick 2007) and/
or may be a way of exploiting a profitable resource which
conspecifics are not feeding on as readily (Costa et al. 2015).
The marine system of the high Arctic is a dynamic environment with extreme seasonal changes in sunlight and periods of ice cover and open water, which drive variation in
resource abundance and availability (Walsh 2008). Upper
trophic level species in these food webs are dominated by
marine mammals and seabirds, and potentially Greenland
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sharks (Somniosus microcephalus; MacNeil et al. 2012), that
rely heavily on a variety of fishes and macroinvertebrates
(Hobson et al. 2002). One of the widest spread and abundant
fish species in this ecosystem is the schooling, pelagic, polar
cod (Boreogadus saida; also, known as Arctic cod in North
America), which feed heavily on copepods and pelagic zooplankton thus linking lower and higher trophic levels (Hobson and Welch 1992). Polar cod are an important prey item
for marine mammals, seabirds, and other fishes because of
their high lipid/energy content (Hop and Ter 2013). Marine
mammals also feed on other fishes, such as sculpin (Cottidae
spp.), and albeit in lower quantities (Yurkowski et al. 2016).
Unlike polar cod, sculpin are not typically believed to be a
preferred prey source for larger predators in the Arctic, however, they do contribute significantly to bearded seal (Erignuthus burbutus) diets (Finley and Evans 1983; Quakenbush
and Bryan 2010), and are becoming more common in some
species’ diets due to changing environmental conditions and
prey availability (Divoky and Tremblay 2012).
Sculpin are a common benthic fish that are found across
the Arctic (Johannesen et al. 2012) and shorthorn sculpin
(Myxocephalus scorpius) in particular have a large distribution from temperate waters up into the high Arctic (Robins
and Ray 1986; Mecklenburg et al. 2011), and often are the
most abundant fish species collected in shallow water areas
of the Arctic (Brand and Fischer 2016). The success of this
species in the Arctic may be due to a generalist feeding strategy that can incorporate macroinvertebrates and other fishes
(Cui et al. 2012; Kallgren et al. 2014). Whether or not differences in diets are due to prey availability across geographic
locations, or specialization between/within populations and
individuals has to be explored.
Despite the benthic occurrence of shorthorn sculpin,
individuals can derive up to 50% of their energy intake
from pelagic sources (McMeans et al. 2013), suggesting
that shorthorn sculpin are an important habitat coupler in
Arctic food webs because they can exploit both benthic and
pelagic resources that potentially promote food web stability (Rooney et al. 2006). Similarly, this coupling may be a
result of seasonal prey variation or individual specialization
with some individuals preferring benthic prey while others feeding more on pelagic prey. Studies have found that
large schools of polar cod aggregate in the high arctic during
summer months where shorthorn sculpin are also present
(Matley et al. 2013; Kessel et al. 2015). Possibly, shorthorn
sculpin exploit polar cod like other marine predators such
as beluga (Delphinapterus leucas), ringed seals (Pusa hispida), and Arctic charr (Salvelinus alpinus), when readily
available in order to gain a large energy payoff per prey item
consumed as per optimal foraging theory (Werner and Hall
1974). Conversely, they may be attuned to the same feeding
events (i.e., prey availability) that polar cod are taking part
in, thus potentially resulting in interspecific competition.
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A few studies have used stable isotope analysis (δ13C
and δ15N) to examine the trophic ecology of arctic sculpin (Hobson and Ambrose 1995; McMeans et al. 2013;
Kallgren et al. 2014) but few have used multiple statistical techniques (calculating trophic position, % reliance on
pelagic resources (α) and individual specialization) combined with gut stomach analysis to explore factors that
may influence changes in Sculpin diet and feeding strategies. The objective of this study was two-fold, to use stable
isotopes and gut content analysis to: (i) examine changes
in shorthorn sculpin trophic position, trophic coupling,
and diet specialization related to shorthorn sculpin size
(total length) and temporal changes in the environment
(inter-annual variation, sampled in 2012–2015); and, (ii)
to examine whether the absence or presence of polar cod
influenced shorthorn sculpin dietary prey contributions
and degree of individual specialization—polar cod were
only present in two of the four sampling years. We hypothesized that if shorthorn sculpin were feeding on polar cod
then: (i) shorthorn sculpin would exhibit higher trophic
positions when polar cod were present than when absent,
(ii) shorthorn sculpin % reliance on pelagic resources
would exhibit a higher degree of pelagic coupling when
polar cod were present, and (iii) that individual diet specialization would occur with polar cod presence. Stable
isotopes were quantified in shorthorn sculpin muscle and
liver, polar cod muscle, and potential prey species collected in the high Arctic Resolute Bay, Nunavut, between
2012 and 2015. Stomach content analysis was used to corroborate stable isotope results and determine which specific taxa shorthorn sculpin feed regularly when polar cod
were present and absent. Establishing a link between these
two important Arctic species would further our knowledge
of arctic food webs and the feeding patterns of benthic fish
that is under studied in the Arctic, particularly shorthorn
sculpin (Gray et al. 2017).

Methods
Study site
Resolute Bay is located on the southern end of Cornwallis
Island (74.68 N, − 94.85 W, Fig. 1). The bay is relatively
sheltered except to the south where it opens into Barrow
Strait. It has an average depth of ~ 8 m, with maximum
depths of 30 m occurring near the center of the bay, with
scattered patches of macrophytes. The bay is subject to ice
coverage for the majority of the year, with ice breakup usually occurring in July and reforming in October. The Hamlet
of Resolute Bay is located at the northern end of the bay
with a population of ~ 200 people.
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Fig. 1  Shorthorn sculpin
sampling locations (stars) and
bathometry within Resolute
Bay, Nunavut

Sample collection
Samples were collected during open water period (August
and September) from 2012 to 2015 following ice break up.
Shorthorn sculpin were collected each year, polar cod were
collected in 2012 and 2015 (only years present during
sampling), and invertebrates were collected each year but
primarily in 2015. Shorthorn sculpin were captured using
horizontal bottom-set gill nets with gradient mesh sizes
(0.5–4 inches) set in three locations each year (west bay,
north bay, and east bay; Fig. 1). Gill nets were set from 4
to 12 h depending on year and ice movements within the
bay. Polar cod were captured by jigging with hook and
line. Total length, [LT] and weight were recorded and then
all fish were placed in a cooler filled with bay water and
transported to the laboratory at Polar Continental Shelf
Research Station in Resolute. Fishes were euthanized by
cervical dislocation using a pair of dissection scissors,
sampled for muscle and liver tissue, and shorthorn sculpin sex was determined by gonads. Muscle tissue samples
were dissected from the left side of each fish posterior to
the dorsal fin and ending at the caudal peduncle. Stomachs

were removed from the fish, injected with 95% ethanol to
preserve contents, and stored frozen.
Invertebrate samples were collected using rock scrapes
and vertical and horizontal zooplankton tows. Rock scrapes
were carried out during low tides on the western and eastern sides of the bay, and zooplankton tows were conducted
across the entire bay using a 300 cm net with a mesh size
of 363 μm and a mouth diameter of 100 cm. All samples
were stored in − 80 °C freezers except during transportation, in which case they were stored on ice and maintained
at − 20 °C until analyzed.

Stable isotope and stomach content analysis
Liver, and muscle tissues from shorthorn sculpin, Polar cod,
and whole invertebrates were analyzed for δ15N and δ13C. All
frozen samples were freeze dried for 48 h and then crushed into
powder using a mortar and pestle. All samples underwent lipid
extraction given that lipid content is depleted in 13C, and consequently lipid removal is required to standardize isotope values
(Logan et al. 2008). Lipid extraction involved the addition of
0.8 ml of 2:1 chloroform: methanol to each sample, followed by
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24 h in a warm water bath (30 °C), centrifugation, the addition
of fresh chloroform methanol, a second round of centrifugation, the extraction of chloroform methanol, and a 24 h air dry
period. Samples were then weighed into tin cups (400–600 μm
for muscle and liver tissue, and 600–800 μm for invertebrates).
All isotope samples were analyzed using a Thermo Finnigan
DeltaPlus mass-spectrometer and an elemental analyzer at the
Chemical Tracers Lab at the Great Lakes Institute for Environmental Research, University of Windsor. Triplicate samples
were analyzed every 10th sample and a measurement of accuracy for δ15N and δ13C was recorded. Sample values were compared against known standards (tilapia internal lab standard,
fish muscle, Bovine liver (NIST 1577c)) in order to measure
precision. Stable isotope values for carbon and nitrogen were
reported in parts per thousand (‰) using: δX = [Rsample/Rstandard)
− 1] × 1000, where X is 13C or 15N and R equals 13C/12C or
15 14
N/ N. Accuracy and precision readings were 0.09‰ ± 0.16
for δ15N and − 0.04‰ ± 0.08 for δ13C. Stomachs from each
fish were thawed out and dissected. Fish and invertebrates were
identified to species and genus, respectively where possible.
Prey items were grouped into one of five categories: amphipod,
decapod, polychaetae, fish, and mollusc.

Data analysis
Shorthorn sculpin were divided by year, sex (except 2012
when fish were not sexed), and the following size classes:
Class 1: < 20 cm TL, Class 2: 20–25 cm TL, and Class
3: > 25 cm TL, based on a previous diet shift observed for this
species in the Baltic Sea (Cardinale 2000). Trophic positions
(TPs) were determined using the equation from Hobson and
Ambrose (1995):
(1)
where TPconsumer and δ15Nconsumer is TP and δ15N of the
organism, δ15NL. helicina is equal to 7.1 ± 0.3 and assumed
to occupy TP 2 (i.e., primary herbivore), as this species
has been observed to feed on a phytoplanktonic diet (FalkPetersen et al. 2001), and 3.8 the diet tissue discriminant
factor (DTDF, the change in stable isotope value between
source and consumer tissues) commonly used for arctic food
webs (Hobson et al. 2002).
In order to examine carbon sources (i.e., benthic vs pelagic),
% reliance on pelagic resources was calculated following the
equation of McMeans et al. (2013) modified from Post (2002),
that incorporates increases in δ13C with each trophic step
above the primary consumer:

TPconsumer = 2 + (d15 Nconsumer − d15 NL. helicina ) ∕3.8,

(
[
(
)]
)
𝛼 = 𝛿 13 Cconsumer − Δ13 C × TPconsumer − TPbaseline − 𝛿 13 Cbenthic source ∕
)
( 13
𝛿 Cpelgaic source − 𝛿 13 Cbenthic source ,
(2)

where Δ13C was the DTDF, set to 0.8 for muscle, T
 Pbaseline
was 2, TPconsumer was calculated previously in Eq. (1), and
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δ13Cpelgaic source and δ13Cbenthic source were mean δ13C values
taken from Limacina helicina and Onisimus sp., respectively.
A Pearson’s correlation analysis was used to examine the
relationships between TP, total length, and % reliance on
pelagic resources (α). Significant changes in shorthorn sculpin trophic position and α among years (n = 4) and size classes
(n = 3) were calculated via ANOVAs and Tukey post hoc tests.
Prey items from shorthorn sculpin stomachs were analyzed via
percent counts and percent frequency of occurrence (FOi). Chi
square tests were used to determine if there were significant
differences between the frequency of occurrence of different
prey categories among years (n = 4), by size class (n = 3), and
between sexes (n = 2).
The stable isotope values (δ13C and δ15N) in muscle and
liver tissue were used to examine diet specialization of individual shorthorn sculpin. In order to compare muscle and liver
samples, δ13C and δ15N values were corrected for each tissue
using known DTDFs, liver DTDFs were 0.77 and 1.67 for
δ13C and δ15N (Caut et al. 2009), respectively, and muscle
DTDFs were 0.8 and 3.8 for δ13C and δ15N (Hobson et al.
2002; McMeans et al. 2013), respectively. The difference in
tissue turnover rates between tissues allows for the comparison of diet variability within the same individual over time
[i.e., muscle represents long term integration of diet values
[months], while liver represents short term integration of diet
(weeks) (Buchheister and Latour 2010)]. Linear mixed-models
were used to examine the effect of tissue type, sex, and total
length on δ13C and δ15N values for each year of sampling with
fish ID included as a random effect. For each year, size class,
and sex a mixed-model variance component analysis in the
random effect (fish ID) was used to determine total variability
for each group. This was done by summing the intercept variability, representing the between individual component (BIC,
reflecting diet variation between individuals in a population)
and the residual variability, representing the within individual
component (WIC, the variation within an individual’s diet over
time). The summing of BIC and WIC in turn represents the
total isotopic niche width (TINW), individual specialization
is represented by WIC/TINW (Newsome et al. 2009), where
a value of > 0.5 represents generalist feeding behavior and a
value < 0.5 represents specialized feeding behavior (Hückstädt
et al. 2012). All analyses were undertaken using R (version
3.2.2) using the nlme package (Pinheiro et al. 2015).

Results
Across all four years, 156 shorthorn sculpin were sampled
with the most being in 2013 (n = 54) and the least in 2014
(n = 26) (Table 1). Of the sexed shorthorn sculpin, females
(n = 48, 26.0 cm ± 3.7) were significantly larger than males
(n = 54, 20.8 cm ± 3.2; t = 7.55, p < 0.05, df = 100) (Fig. 2).
In total, 200 polar cod were sampled (2012, n = 164; 2015,
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Table 1  Total length, δ13C, δ15N, trophic position (TP), and percent reliance on pelagic resources (α) (mean ± 1 SD) for each year and size class
of shorthorn sculpin and other taxa collected in Resolute Bay, Nunavut
Taxa

Year

Size class

Fish
M. scorpius

12

1

14

2

17

3

6

1

9

2

23

3

22

1

11

2

9

3

6

1

19

2

14

3

7

13

14

15

B. saida
Juvenile Liparis sp.
YOY Sculpin
Invertebrates
Polynoidae spp.
Gammarus spp.
Limacina helicina
Onisismus spp.
Clione limacina
a

n

12 & 15
14 & 15
14 & 15

200
5
10a

14 & 15
14 & 15
14 & 15
14 & 15
15

3a
26a
6a
4
1a

Total length (min, max)

δ13C

δ15N

TP

Α

18.1 ± 1.7
(13.3, 19.8)
21.2 ± 1.2
(20.0, 23.9)
27.3 ± 3.4
(25.2,32.6)
18.3 ± 2.4
(16.9, 19.6)
22.6 ± 1.1
(20.1, 25)
28.0 ± 2.7
(25.2, 33.5)
17.9 ± 1.9
(14.2, 19.8)
22.4 ± 1.1
(20.4, 25)
26.1 ± 0.9
(25.5, 27.8)
15.9 ± 2.2
(12.5, 18.9)
23.0 ± 1.3
(20.4, 24.5)
28.4 ± 2.2
(26, 32.1)

− 18.3 ± 0.8

14.8 ± 0.4

4.0 ± 0.1

0.67 ± 0.10

− 18.6 ± 0.5

15.4 ± 0.7

4.2 ± 0.2

0.73 ± 0.06

− 18.2 ± 0.5

16.4 ± 0.5

4.4 ± 0.4

0.70 ± 0.07

− 18.4 ± 0.6

15.1 ± 0.5

4.1 ± 0.1

0.70 ± 0.08

− 18.2 ± 0.74

16.0 ± 0.6

4.3 ± 0.2

0.70 ± 0.09

− 18.27 ± 0.6

16.7 ± 0.6

4.6 ± 0.2

0.73 ± 0.06

− 17.8 ± 0.4

16.0 ± 0.5

4.3 ± 0.1

0.63 ± 0.06

− 17.6 ± 0.4

16.1 ± 0.5

4.4 ± 0.1

0.65 ± 0.10

− 18.1 ± 0.8

16.2 ± 0.4

4.4 ± 0.1

0.66 ± 0.04

− 17.7 ± 0.5

15.1 ± 0.7

4.1 ± 0.2

0.62 ± 0.05

− 17.8 ± 0.5

15.9 ± 0.3

4.3 ± 0.2

0.63 ± 0.07

− 17.6 ± 0.6

16.6 ± 0.5

4.5 ± 0.1

0.63 ± 0.08

− 19.4 ± 0.7
− 17.4 ± 0.4
− 18.4 ± 1.1

14.6 ± 0.7
13.1 ± 0.4
11.4 ± 0.7

4.0 ± 0.2
3.6 ± 0.1
3.1 ± 0.2

0.81 ± 0.09
0.51 ± 0.06
0.54 ± 0.09

− 16.5 ± 1.3
− 17.2 ± 0.5
− 22.4 ± 1.8
− 14.7 ± 0.4
− 20.8

11.4 ± 0.4
9.6 ± 0.5
7.1 ± 0.3
8.4 ± 0.1
10.7

3.1 ± 0.2
3.1 ± 0.1
2.0 ± 0.01
2.3 ± 0.01
2.6

0.36 ± 0.16
0.39 ± 0.07
1.0 ± 0.23
0.03 ± 0.06
0.96

Multiple individuals used for a single sample

n = 38) but were absent during the sampling period in 2013
and 2014. Amphipods and molluscs were sampled in all
4 years, the most common amphipods were Gammarus
and Onisimus spp.. Pteropods were abundant in 2014 and
2015 and were composed of a single species, Limacina
helicina, and young of year Sculpin (YOY, < 4 cm, n = 25)
were caught in 2015 (Table 1).

Trophic position, coupling, and stomach contents
Shorthorn sculpin TPs varied significantly among years
(n = 4) and size (n = 3) classes (4.0 ± 0.1 to 4.6 ± 0.2)
(mean ± 1 SD) (Table 1), and within each year TP increased
significantly with size class, except in 2014 where there was
no significant difference between size classes (Table 1).

Female shorthorn sculpin had significantly higher TP
than males when combined across years and size classes
(Female = 4.5 ± 0.2, n = 47; Male = 4.3 ± 0.2, n = 53;
p < 0.05), although females were larger than males, and size
class two and three had significantly higher TP than polar
cod (averaged across years, class one = 4.1 ± 0.2, n = 54;
class two = 4.3 ± 0.2; n = 63, class three = 4.5 ± 0.2, n = 39;
polar cod = 4.0 ± 0.2, n = 200, p < 0.05), and sampled invertebrates (p < 0.05). Among invertebrates, TP ranged from
2.0 ± 0.1 (Limacina helicina; note, this species was set to TP
2) to 3.1 for Polynoidae spp. and Gammarus spp. (Table 1,
Fig. 3).
The mean α by size class and year of shorthorn sculpin ranged from 0.62 ± 0.05 to 0.73 ± 0.06 (Table 1), but
were not significantly related to total length or TP (r2 < 0.1;
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Fig. 2  Relationship between size (total length), trophic position, and % reliance on pelagic resources for male (light grey) and female (dark grey)
shorthorn sculpin across all sample years collected from Resolute Bay, Nunavut
Fig. 3  Trophic position versus
% reliance on pelagic resources
(α) for shorthorn sculpin size
classes (1, 2, and 3), polar cod,
juvenile snailfish (Liparis spp.),
YOY Sculpin, and invertebrates,
across all sample years in Resolute Bay, Nunavut

p > 0.05) (Fig. 4) and females (69.0 ± 0.08) did significantly differ in α than males (66.8 ± 0.08). Between years
and across all size classes, shorthorn sculpin α significantly
decreased from 2012 (0.71 ± 0.08) and 2013 (0.71 ± 0.08)
to 2014 (0.65 ± 0.07) and 2015 (0.63 ± 0.07) (p < 0.05). The
polar cod α (0.81 ± 0.09) was significantly higher than the
shorthorn sculpin, combined across all years, size class,
and sexes (0.68 ± 0.09, p < 0.05). Invertebrate α values,
across all years, ranged from 0.03 ± 0.06 for Onsismus
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spp. [benthic baseline] to 1.0 ± 0.23 for Limacina helicina
[pelagic baseline].
Stomach contents showed that shorthorn sculpin preyed
heavily on amphipods (FOi = 0–65%, Gammarus and Onisimus spp.) and molluscs (FOi = 9–58%; Table 2). Decapod
prey consisted of predominantly Mysid and Eualas shrimp
and polychaete prey were entirely composed of scale worm
spp.. An adult polar cod was found in the stomach of a size
class three shorthorn sculpin (2012), and small sculpin from
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Fig. 4  Trophic position versus
% reliance on pelagic resources
(α) for shorthorn sculpin by size
class collected from Resolute
Bay Nunavut

Table 2  Counts (N) and percent
frequency of occurrence ( FOi)
(both % of individuals sampled)
for prey found in the stomach
contents of shorthorn sculpin
from each year and size class
collected from Resolute Bay
Nunavut

Year

Size

n

Class
2012

2013

2014

2015

1
2
3
1
2
3
1
2
3
1
2
3

22
20
4
10
23
24
12
12
6
45
35
15

Amphipod

Polychaetes

Decapods

Fish

N

FOi

N

FOi

N

FOi

N

FOi

N

FOi

63
54
0
53
96
68
21
44
57
31
49
22

32
35
0
60
65
29
33
50
33
40
46
33

0
5.6
0
3.1
1.2
19
2.1
9.8
0
7.1
4.0
6.3

0
10
0
10
4.0
21
8.0
25
0
16
8.0
7.0

17
5.6
0
9.4
1.9
3.8
11
9.8
4.3
0
1.0
9.4

18
10
0
20
17
17
25
33
17
20
3.0
20

5.7
14
75
0
0.1
1.9
0
0
2.2
1.3
2.0
6.3

9.0
20
75
0
4.0
12
0
0
17
4.0
6.0
13

14
20
25
34
0
7.0
66
33
36
60
44
56

9.0
20
25
30
17
8.0
58
42
50
38
31
33

YOY up to 15 cm LT were also found in larger shorthorn
sculpin stomachs from all years, however most fish remains
(55%) were unidentified due to digestion; otoliths were not
collected or identified from stomach contents. There was a
significantly higher amount of fish in the diet of shorthorn
sculpin in 2012 compared with the other years (FOi = 10,
X2 = 17.164, p < 0.05), while variation in other prey items
was not significant.

Mollusc

The size of prey items increased with the size class of
shorthorn sculpin regardless of year. Shorthorn sculpin in
size class one (< 20 cm) consumed on average more molluscs (FOi = 34%), while size class two (20–25 cm) consumed the most amphipods (FOi = 49%, Table 2). Size class
three shorthorn sculpin (> 25 cm) had more variation in
stomach contents, with a decrease in amphipods and molluscs and an increase in decapod and polychaete prey, but
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contained a significantly higher amount of fish than size
class one (FOi = 9, X2 = 4.9934, p < 0.05) and large, whole
decapods (> 8 cm), most likely Sclerocrangon boreas. Both
size class two and three contained whole fish in stomach
contents but none were found in size class one. The majority
of fish identified in stomach contents consisted of sculpin,
both shorthorn and fourhorn (Myoxocephalus quadricornis).

Isotopic niche width and individual specialization
Shorthorn sculpin collected in 2015 had the largest niche
width and those in 2014 had the smallest (TINW = 1.61 and
0.82, respectively; Table 3). Size class two shorthorn sculpin
had the largest niche width and size class three the smallest (TINW = 1.30 and 1.04). A group is considered to be
more diet specialist than generalist when IS < 0.50 or when
the total BIC is greater than total WIC; diet specialization
occurred in all size classes but varied by year. Size class
three shorthorn showed the large shifts from diet generalization to specialization (IS 0.25 in 2014 to 0.90 in 2015;
Table 3). When all data were combined across size class
and year, both male and female shorthorn sculpin exhibited
diet generalization (IS = 0.510, and IS = 0.738 respectively).

Discussion
Based on stable isotopes and stomach contents collected
over 4 years, high arctic shorthorn sculpin couple energy
from benthic and pelagic sources in the form of invertebrates
and fishes, feed across TPs as they grow, and demonstrate

Table 3  Individual
specialization, calculated
from stable isotopes for each
shorthorn sculpin size class
within each year collected in
Resolute Bay, Nunavut

Year

2012

2013

2014

2015

Size

flexibility in diet between years. These characteristics, in
addition to being very common and abundant in nearshore
habitats of the arctic, provide strong evidence that shorthorn sculpin are an important consumer in Arctic marine
ecosystems.
Shorthorn sculpin TPs from this study were higher than
those reported in previous studies on sculpin species in the
arctic (TP estimates of 3.6 for arctic sculpin (Myoxocephalus
scorpiodes), 3.4 for twohorn sculpin (Icelus bicornis) (Hobson and Welch 1992), and 3.3 for Bigeye Sculpin (Triglops
nybelini); Hobson and Ambrose 1995). The higher TP of
Shorthorn sculpin in our study compared to other sculpin species in the Arctic is likely due to the incorporation
of piscivorous prey in their diet, as past studies of Arctic
sculpin species had diets consisting mainly of crustaceans
and other benthic invertebrates (Moore and Moore 1974;
Fedorov 1986; Coad and Reist 2004). In more southerly
locations, including St. Lawrence Gulf, shorthorn sculpin
have been categorized as top predators, consistent with our
study (Nadon and Himmelman 2010). TPs of 4–5 are generally indicative of a primary piscivore (Hussey et al. 2014),
which describes a fish that feeds on other fish that in turn
feeds on zooplankton. Based on stomach contents in the
shorthorn sculpin, these zooplanktivore fishes are mainly
juvenile Sculpin, and to a lesser extent polar cod and juvenile Snailfish (Liparis spp.). Even the smallest size class of
shorthorn sculpin (< 20 cm) had TP of 4 or greater, consistent with some individuals having remains of fish in their
stomach contents.
Trophic position and the amount of fish in stomach contents increased with size, this ontogenetic relationship is
likely driven by increasing gape size which is correlated

δ13C

d15N
2

Total
2

class

BIC

WIC

r

BIC

WIC

r

BIC

WIC

1
2
3
1
2
3
1
2
3
1
2
3

0.21
0.18
0
0.10
0.48
0.18
0
0.28
0.18
0.41
0.15
0

0.25
0.06
0.13
0.11
0.15
0.12
0.35
0.32
0.03
0.46
0.60
1.27

0.45
0.80
0.72
0.62
0.77
0.72
0.03
0.49
0.87
0.53
0.39
0.41

0.09
0.36
0.49
0.23
0.18
0.12
0.27
0.09
0.12
0.68
0.18
0.17

0.19
0.40
0.27
0.17
0.30
0.35
0.40
0.23
0.07
0.11
0.42
0.21

0.62
0.69
0.87
0.68
0.47
0.73
0.71
0.85
0.96
0.89
0.55
0.90

0.30
0.54
0.49
0.34
0.66
0.30
0.27
0.37
0.31
1.09
0.32
0.17

0.45
0.46
0.40
0.28
0.44
0.47
0.74
0.56
0.10
0.57
1.02
1.48

TINW

IS

0.75
1.00
0.89
0.62
1.10
0.77
1.01
0.93
0.41
1.66
1.34
1.65

0.60
0.46
0.45
0.45
0.40
0.61
0.74
0.60
0.25
0.34
0.76
0.90

The between individual component (BIC) represents intercept variation and the within individual component (WIC) represents residual variation for δ13C and δ15N; conditional r2 values are included for each
element. Both δ13C and δ15N are used to get total BIC and WIC, which are used to calculate total isotopic
niche width (TINW) and individual specialization (IS = WIC/TNW)
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to increased length, common in most fish species (Foote
and Brown 1998). Increased gape size would allow larger
shorthorn sculpin to consume larger prey, including fishes
and decapods such as Sculptured shrimp (Sclerocrangon
boreas), that were only found in the largest size class (i.e.,
3) individuals. This trend in switching to fish as shorthorn
sculpin grow has been observed in other populations in
the Chukchi and western Beaufort Seas (Gray et al. 2017).
Given these relationships, the larger size of females likely
explains their higher TP than males.
Year to year variation in prey availability influenced
stomach contents in shorthorn sculpin but not TP significantly. In 2014, an apparent lack of fish found in SCA caused
individuals in size class three to shift to an invertebratedominated diet, however shorthorn sculpin in size class one
(i.e., the smallest) had an increase in TP in this year compared with other years, although no fish was found in their
stomach contents. As well, there was a decrease in conspecifics in shorthorn sculpin stomach contents in 2014, which
could suggest fewer scuplin within Resolute Bay in this year;
unfortunately, we have no population level data for sculpin.
If true, then fewer sculpin could mean a reduction in competition or space partition that could allow smaller shorthorn
sculpin to be more selective of invertebrate prey in terms of
size and taxa that would increase TP. For example, in 2014
decapods made up 25% of shorthorn sculpin diets in size
class one, higher than all other years.
The trophic coupling observed in shorthorn sculpin is
characteristic of higher trophic consumers (McCann and
Rooney 2009; McMeans et al. 2013), supporting the high
TP estimates. Previous studies have found shorthorn sculpin
α values ranging from 0.58 for larger (> 24 cm) and 0.74
in smaller (< 24 cm) short sclupin (McMeans et al. 2013),
which is consistent with our results. As well, older studies
also found plankton, or pelagic prey, with the highest frequency in shorthorn sculpin stomachs (Moore and Moore
1974). Although sculpin preyed on amphipods and polychaetaes that would constitute a more benthic source of energy,
smaller individuals fed on pteropods and larger individuals
fed on fish which helps explain the pelagic sources of energy
for all sizes of shorthorn sculpin. As well, α calculated for
liver and muscle δ13C were similar, suggesting the habitat
coupling does not vary much between seasons. Year to year
variation in α was also observed with higher α in 2012 and
2013 than 2014 and 2015. This agrees with the shift to a
diet almost entirely composed of invertebrates observed in
2014, and the lower α in 2015 is likely due to a smaller
proportion of pelagic prey such as Mysid shrimp that have
depleted 13C (Hobson et al. 2002) and were found in shorthorn sculpin stomachs in 2015, compared to 2013. Similar
to TP, α was higher in females than in males, which could be
attributed to increased consumption of other fishes because

fishes had a more depleted δ13C signature than most invertebrates sampled.
Shorthorn sculpin stomach contents were similar to those
reported in previous studies from the Arctic collected from
more southerly locations on Baffin Island, which found that
amphipods made up the majority of prey items, but variation
in prey increased with sculpin size and specific locations
(Moore and Moore 1974; Dick et al. 2009). Cannibalism in
Cottidae has been observed in different species and often
occurs during spawning periods when large numbers of sculpin are heavily concentrated in the littoral zone (Ruzycki
and Wurtsbaugh 1999). The exact timing of spawning varies
between location (Luksenburg et al. 2004) and is unknown
for Resolute Bay, however several male shorthorn sculpin
captured during this study exhibited deep red coloration with
white spots on the ventral side which is characteristic of
spawning fish (Fedorov 1986). This along with the presence
of young of year Sculpin in 2012 and 2015 suggests that
field work was conducted toward the end of the breeding
season. As such, it is likely that larger individuals exploited
the high abundance of conspecifics congregating in Resolute
Bay as a food source.
Diet specialization in shorthorn sculpin decreased with
size class which is attributed to larger individuals (size class
3, > 25 cm) being able to take advantage of a larger sizerange of prey. The medium size class (two, 20–25 cm) had
the largest total isotopic niche width suggesting that individuals in this class represent an “in between” diet strategy
composed of both larger and smaller prey items, while shorthorn sculpin in the smallest size class (one, < 20 cm) were
limited to smaller prey probably due to smaller gape. However, individual specialization was found in all size classes
of shorthorn sculpin and varied widely among years. Past
studies of multiple species have suggested shorthorn sculpin
had a less-diverse diet compared with other species, such as
the snow crab (Chionoecetes opilio) (Cui et al. 2012).
Results of our study suggest that shorthorn sculpin diet
was driven more by prey availability than variable individual
feeding strategies, which has been observed in other populations of this species (Moore and Moore 1974). This idea is
illustrated by the changes in dietary specialization observed
in the largest size class (three) among years. In 2012, this
class exhibited slight specialization at a higher TP, while
in 2014 they exhibited extreme specialization at a lower
TP. Stomach contents from 2012 revealed more fish in size
class two and three than in 2014, this suggested that fishes
were more abundant in 2012 for shorthorn sculpin to feed
on and thus larger individuals specialized in fish which was
consistent with isotope data. However, in 2014 shorthorn
sculpin in size class three exhibited the smallest recorded
TINW, the highest amount of IS, and decreased TP compared to other years. This reduction in niche was apparently
driven by a decrease in fish availability that forced large
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individuals to feed almost exclusively on invertebrates. Conversely shorthorn sculpin in size class one in 2014 exhibited a larger TINW and the largest degree of generalization
feeding recorded in their class which supports the idea that
smaller individuals were able to exploit a larger diversity
and size-range of invertebrate prey. The lack of fish in
2014 found in stomach contents (one sample) may reflect a
decrease in Sculpin abundance in general that could decrease
competition, and potentially predation pressure from larger
individuals.
Medium and large size shorthorn sculpin TP was higher
than polar cod, although smaller sculpin were similar.
These results are consistent with stomach contents that
showed shorthorn sculpin fed on invertebrates and fishes
higher in the food web (Polynoidae TP = 2.81, Gammarus
spp. TP = 2.38, and Sculpin TP > 2.65; Table 1) than prey
found in polar cod stomach contents sampled in this study
and previous ones (Limacina helicina TP = 1.7, Themisto
spp. TP = 2.6, and copepods TP = ~ 2.3: Matley et al. 2013;
Hobson et al. 2002). Polar cod were on average one half of
a TP below shorthorn sculpin from size class three, which
made them a possible prey item for larger individuals, but
sculpin TPs were too low to be consistently feeding on polar
cod. Cannibalization of smaller sculpin, including conspecific species, contributes these TP values and corroborates
the large proportion of juvenile Sculpin (< 10 cm) found in
shorthorn sculpin stomachs.
As expected, polar cod had a high percent reliance
on pelagic resources than shorthorn sculpin (0.81 vs.
0.52–0.73), consistent with cod stomach contents that were
almost entirely composed of pelagic pteropods (Limacina
helicina) and pelagic amphipods (Thermisto spp.). These
results are indicative of a more pelagic feeding strategy
compared to shorthorn sculpin although there was a small
amount of diet overlap between the two species that was
most notable in the amounts of pteropods consumed by
both. Pteropods were the most common mollusc found in
both species, and shorthorn sculpin stomach analysis and
personal observations suggest that pteropod abundance
increased from 2012 and 2013 (low) to 2014 and 2015
(high). There was no apparent relationship with shorthorn
sculpin α and presence of polar cod, as α were highest and
lowest in years (2012 and 2015) polar cod were present.
Although these results are not significant, they may be due to
fewer pteropods when both species are present and focusing
on similar prey items. Although both fishes have been identified as demersal (Fedorov 1986; Riede 2004), polar cod
often occupy pelagic habitats and are better suited to feeding
on pelagic prey, such as copepods, given their more fusiform
body shape compared to the benthic shorthorn sculpin. Thus,
polar cod likely have an advantage over shorthorn sculpin
when feeding on pelagic invertebrates.
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Shorthorn sculpin diet specialization had no apparent
relationship to the presence or absence of polar cod. In
2012 when polar cod were present, large (class 3) shorthorn sculpin exhibited lower diet specialization, but in 2015
when polar cod were also present, the same group exhibited
higher generalization. Timing of polar cod arrival may have
influenced these results, as they were not observed or captured in 2015 until the last 5 days of field work (August 31),
whereas in 2012 were sampled as early as July 30; regardless
at the time of sample collection polar cod were present or
absent in different years. In 2015, shorthorn sculpin dietary
specialization may not have shifted to specializing on fish
due to the late arrival of polar cod, however, with the data
gathered there is no way to test this directly (i.e., consumption of polar cod during the time of collection would not be
reflected in the stable isotope values of the sculpin). The
presence and absence of fish impacted the degree of shorthorn sculpin specialization. This was exemplified in 2014,
where changes in TP, α, and specialization were most significant in this year and occurred along with a decrease in fish in
shorthorn sculpin stomach contents that in other years was
mainly composed of conspecifics. This may reflect a general
decrease in fish (in particular sculpin) abundance in Resolute
Bay during this time that affected shorthorn sculpin feeding ecology more significantly than the presence/absence
of polar cod due to the high rates of sculpin cannibalism.

Summary
Overall, these findings show that shorthorn sculpin undergo
temporal and ontogenetic shifts in trophic ecology due to
changes in prey availability, and have some dietary overlap
with polar cod in Resolute Bay. Shorthorn sculpin likely
reside in the bay to spawn and take advantage of the more
productive littoral zone, juvenile sculpin remain in Resolute
Bay for a period of time after hatching that may be due to
increased growth rates afforded by the littoral zone and as
a refuge from predators (Ruzycki and Wurtsbaugh 1999).
However, the presence of juvenile and smaller shorthorn
sculpin had an impact on the feeding ecology of larger conspecifics who cannibalized and fed on other sculpin species;
this occurred even when polar cod were present. Annual
changes in shorthorn sculpin TP and diet specialization associated with changes in prey availability indicate that this
abundant species can show plasticity in its trophic ecology;
past studies have suggested that shorthorn sculpin feed on
the most abundant prey available (Moore and Moore 1974).
Future studies should examine the relative importance of different fish species to shorthorn sculpin diets and include how
it varies with prey availability and individual size. This study
demonstrates that shorthorn sculpin are readily piscivorous
even in habitats of high latitudes where fish diversity is low.
Their diet flexibility and food web coupling allow for the
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consumption of a wide variety of organisms ensuring that
these fishes can survive in a climate with yearly fluctuations
of prey availability.
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