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Abstract An increasing number of boreal marine species
are expected to invade the warming Arctic Ocean with the
potential to displace endemic species. We provide first
evidence that Pacific sand lance (Ammodytes hexapterus) is
expanding its range in the Canadian Arctic Archipelago, a
region far outside the species temperate-boreal traditional
range south of the Bering Strait. To the best of our
knowledge, supported by local Inuit knowledge, the species
was not present in the area until the present decade. We
observed an increasing density of larval Pacific sand lance
with time over the 2011-2016 period, suggesting that
environmental conditions are becoming increasingly
favorable for the species to reproduce in the Central
Canadian Arctic. The northward distribution change of
Pacific sand lance is occurring earlier than predicted by
current models and could trigger abrupt shifts in Arctic
marine food webs if the boreal invader displaces polar cod,
a key prey species for top predators in Arctic marine
ecosystems.
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Introduction

Northward invasions into rapidly warming Arctic marine
ecosystems by southern species are occurring at a higher
rate than the global average (Cheung et al. 2009; Hollowed
et al. 2013; Renaud et al. 2015). Invading species belong to
all trophic levels of the marine food web, ranging from
secondary producers (Kraft et al. 2013) to cephalopods
(Golikov et al. 2013), fish (Mackenzie et al. 2014; Yoon
et al. 2015) and marine mammals (Ferguson et al. 2010). In
the Barents Sea, fish communities, once dominated by
species endemic to the Arctic, are undergoing a “boreal-
ization” process as sub-Arctic species rapidly expand their
distribution northward, outcompeting Arctic fish assem-
blages (Fossheim et al. 2015). The same trend is observed
in the Chukchi and Beaufort Seas, where North Pacific
benthic and pelagic species are increasingly reported north
of the Bering Strait, including commercially important
gadid and salmonid fishes (Rand and Logerwell 2011;
Grebmeier 2012; Logerwell et al. 2015).

In Arctic pelagic food webs, the polar cod (Boreogadus
saida) is a key forage fish transferring the bulk of energy
from lower trophic levels to large vertebrate predators
(Welch et al. 1992). Rapid temperature increases in several
sectors of the Arctic, including southern Hudson Bay and
the Barents Sea, have resulted in the displacement of polar
cod by capelin (Mallotus villosus) and sand lance (Am-
modytes sp.) with major changes in these ecosystems
(Gaston et al. 2003, 2012; Provencher et al. 2012; Cham-
bellant et al. 2013; Young and Ferguson 2014; Watt and
Ferguson 2015). In 2011, Pacific sand lance (Ammodytes
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hexapterus) was reported for the first time reproducing in
the southeastern Beaufort Sea (Falardeau et al. 2014,
Suzuki et al. 2015), far from the species’ traditional range.
Pacific sand lance is one of the most abundant forage fish
species in the North Pacific (e.g., Gladics et al. 2015;
Greene et al. 2015). It is distributed along the East coast of
the Pacific Ocean, from 32°N in southern California, up to
the Bering Strait and the Chukchi Sea (Robards et al.
1999b; Tokranov 2007; Logerwell et al. 2015). In the
present study, we provide the first evidence that Pacific
sand lance are expanding their distribution eastward and
now spawn into the Canadian Arctic Archipelago, as far
east as the Queen Maud Gulf.

Materials and methods

Sampling of larval and early juvenile sand lance was
conducted in a region ranging from the Amundsen Gulf to
the west, to the Queen Maud Gulf to the east (Fig. 1) from
the scientific icebreaker CCGS Amundsen as part of the
annual ArcticNet expeditions in the period of July—
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Fig. 1 Map of study area in the Canadian Arctic. Black dots

represent the stations where the occurrence of Pacific sand lance
(Ammodytes hexapterus) was monitored in 2011, 2014, 2015 and
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September in 2011, 2014, 2015, and 2016 (no expeditions
were carried out in the region in 2012 and 2013). The
ichthyoplankton was sampled with a frame carrying two
square-conical nets with a 1 m? mouth aperture and mesh
size of 750 pm and 500 pum. Oblique tows were carried out
to a maximum depth of 90 m and a ship-speed of 2 knots.
One fish was also sampled with a beam trawl carrying a
10-m-long net with a 3 m* aperture and a cod end of mesh
9.5 mm, dragged near the bottom at a speed of 3 knots.

The volume of filtered water was measured with flow
meters (KC Denmark) installed in the centre of each net
except for the beam trawl. All fish were measured (standard
length and body width) immediately after capture. Fish
larvae and juveniles were preserved in 95% ethanol.

For each fish, genomic DNA was extracted from a
muscle tissue sample using a salt-extraction protocol (Al-
janabi and Martinez 1997) and amplified in PCR reactions.
The reaction solution comprised 10-20 ng of genomic
DNA, 5 U of GoTaq Flexi DNA Polymerase (Promega;
Ivanova et al. 2007), 10 uM of each forward and reverse
primer (Ward et al. 2005), 2 pL of 5 x PCR buffer,
10 mM dNTPs and 25 mM MgCl, and was brought to a

2016. Open dots represent the two communities of interviewed
harvesters: Cambridge Bay (CB) and Gjoa Haven (GH)
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10 pL. volume with Milli-Q water. PCR amplification
parameters included an initial denaturation at 95 °C for
5 min followed by 32 cycles of denaturation, annealing,
and extension fixed at, respectively, 94 °C for 45 s, 52 °C
for 45 s, and 72 °C for 45 s and a final extension at 72 °C
for 10 min. PCR product sequencing was performed using
the Big Dye terminator sequencing kit v3.1 (Thermo Fisher
Scientific) with the Applied Biosystem 3130 x1 genetic
analyser (Thermo Fisher Scientific) at the Institute for
Integrative and Systems Biology (Université Laval). Spe-
cies was determined by searching the NCBI GENBANK
database with the resulting sequences.

The values of densities were not normally distributed
(Shapiro—Wilk normality test; W = 0.59, p < 0.0001).
Thus, non-parametric tests (Kruskal-Wallis and Wilcoxon
rank-sum tests) were used to compare fish densities
between years. Statistical analysis was performed in R
version 3.1.1 (R Core Team 2014).

Results

A total of 69 sand lance larvae and juveniles were sampled
in 2011, 2015 and 2016 in the Amundsen Gulf and
Northwest Passage (Fig. 1, Table 1). A total of 68 sand
lance were successfully identified as Ammodytes hex-
apterus based on DNA sequencing. The remaining sample
was in a state of degradation which prohibited genetic
analysis. Five sand lance were sampled in 2011, seven in
2015, and 57 in 2016. Fish size averaged 10.7 mm in
August 2011, 36.1 mm in September 2015, 16.0 mm in
August 2016, and 26.1 mm in September 2016.

The highest number of sand lance was captured in
Queen Maud Gulf in 2016 (n = 51; Fig. 1). Sand lance
density captured in 2016 (median = 1.2 fish 10° m ) was
significantly higher than in 2015 (median = 0 fish 10’
m~>; Wilcoxon rank-sum test, W = 11, p = 0.001). On 21
August 2016, 26 sand lance were captured at station 6. In
2016, most fish were captured in August (n = 45) and
fewer in September (n = 12).

We interviewed eight active Inuit harvesters (six from
Cambridge Bay and two from Gjoa Haven; Fig. 1) as well
as the board members of the Ekaluktutiak Hunters and
Trappers Organization (EHTO; eight board members)
about the presence of sand lance in the area. They only
started to observe sand lance in the area in recent years.
Some harvesters indicated that frequency of sand lance
occurrence increased since their first observations, which
date back two to five years depending on the respondent.
Fish observed were juveniles and/or adults.

Over the summer of 2016, the species was observed by
local fishers at Gravel Pit in Cambridge Bay area—an
important Arctic char fishing area characterized by a

gravelly and sandy substrate. Furthermore, one harvester
(C. Kaiyogana) observed significant amount of sand lance
at his cabin near Gravel pit in the past two years. In 2016,
he observed more than 50-100 sand lance at this location,
and, for the first time, he found several sand lance in the
stomachs of Arctic char.

Discussion

We provide the first evidence that Pacific sand lance have
expanded their distribution and spawning grounds eastward
into the central Canadian Arctic Archipelago. The observed
trend of increasing larval density over the years suggests
that the population is rapidly expanding in its new envi-
ronment. In support to our results, two additional sand
lance specimens were captured during a zooplankton sur-
vey carried out by the R/V Martin Bergmann in the Cam-
bridge Bay area in July 2015 (M. Falardeau, unpublished
data). Moreover, the recent sand lance invasion of the
Queen Maud Gulf region that we revealed based on
ichthyoplankton sampling is consistent with local Inuit
knowledge.

Pacific sand lance most likely expanded their range
northeastward from the Chukchi Sea to the Beaufort Sea
(Falardeau et al. 2014; Suzuki et al. 2015), before reaching
the Northwest Passage. This contrasts with the Hudson Bay
where sand lance is of Atlantic origin, belonging to the
species Ammodytes dubius or Ammodytes americanus as
revealed by a previous genetic analysis (M. Falardeau,
unpublished data). This and the fact that the Northwest
Passage is highly influenced by Pacific waters (McLaughlin
et al. 2006) strongly suggest that sand lance now invading
the High Canadian Arctic are of Pacific origin.

The northeastward expansion of Pacific sand lance into
the Canadian Arctic was likely facilitated by the rapid
warming and sea ice loss in the Beaufort Sea (e.g., Manson
and Solomon 2007; Falardeau et al. 2014), a trend also
observed in the Canadian Arctic Archipelago (Steiner et al.
2015). In 2016, the high densities of Pacific sand lance
observed in the Northwest Passage corresponded to a year
of extremely low rate of sea ice formation in the Cam-
bridge Bay region compared to previous years (Ocean
Networks Canada 2016). These relaxed climatic conditions
in the Central Canadian Arctic could be responsible for
increased habitat suitability for Pacific sand lance. Niche-
based models run under climate change scenarios further
support this assumption as they predict a shift in the range
of several Pacific species, which will eventually lead to an
Atlantic-Pacific interchange (Wisz et al. 2015). Among
these range shifts, an expansion of Pacific sand lance into
the Northwest Passage and the Northwest Atlantic Ocean is
projected by 2100. The American sand lance (A.
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Table 1 Number, average
density (nb fish/10°> m~>) and

Year Station number Date

n Density (nb fish/ 10° m_3) Standard length (mm)

mean standard length (mm) of Mean & SD
Pacific sand lance (AmmodyZes 2011 1 26 Sept. 0 0 NA
hexapterus) captured in the
Canadian Arctic in July, 3 10 Aug. 5 3.36 10.71 £ 3.13
August, September and October 3 6 Oct. 0 0 NA
of 2011, 2014, 2015, and 2016 9 8 Aug. 0 0 NA
9 7 Oct. 0 0 NA
2014 1 17 Aug. 0 0 NA
3 12 Aug. 0 0 NA
9 11 Aug. 0 0 NA
2015 1 23 Aug. 0 0 NA
3 18 Aug. 0 0 NA
3 20 Sept. 0 0 NA
4 21 Sept. 1 0.43 27.57
5 21 Sept. 2 0.93 35.50 £ 2.12
6 21 Sept. 0 0 NA
7 21 Sept. 4 1.97 38.50 + 4.21
9 17 Aug. 0 0 NA
9 22 Sept. 0 0 NA
2016 1 27 Aug. 2 1.40 20.50 £ 2.12
2 23 Aug. 1 0.61 22.81
2 (BT) 18 Sept. 1 NA 38.00
3 23 Aug. 1 0.59 11.25
4 23 Aug. 1 1.06 17.24
5 22 Aug. 8 6.88 1535 £ 233
5 19 Sept. 2 1.06 27.50 £ 2.12
6 21 Aug. 26 13.27 16.24 £ 3.90
6 19 Sept. 2 0.94 19.00 £ 0.00
7 21 Aug. 5 7.09 14.65 £+ 3.11
7 19 Sept. 6 4.59 27.17 £ 1043
8 22 Aug. 1 1.28 2.55
9 20 Sept. 1 0.44 19.00

For each year, all the stations that were sampled are included

SD standard deviation, BT captured with the beam trawl, NA not applicable

americanus), distributed along the U.S. and Canadian East
coast, is also expected to move northward over the same
period, implying that the two Ammodytes species could
meet in the Northwest Atlantic by the end of this century
(Wisz et al. 2015).

The rapid invasion of the Canadian Arctic Archipelago
by Pacific sand lance might be attributable at least in part to
flexible habitat requirements. Species of the family
Ammodytidae can tolerate a wide range of temperatures,
explaining their broad traditional distribution (Robards
et al. 1999b). While they primarily forage on copepods,
they exhibit a generalist diet and are not limited to specific
prey species (O’Connell and Fives 1995; Robards et al.
1999b; Tokranov 2007; Falardeau et al. 2014). Diet shifts
of Pacific sand lance between La Nifia and El Nifio years
suggest that the species is resilient to rapid changes in
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oceanographic conditions (Hipfner and Galbraith 2014).
The generalist feeding habits of Pacific sand lance might
facilitate its establishment in shifting Arctic marine
ecosystems characterized by high variability in zooplank-
ton production. This life strategy differs from that of the
endemic polar cod characterized by specialized diet based
on the large, lipid-rich Arctic copepods, making it vul-
nerable to alterations of zooplankton production and phe-
nology (Falk-Petersen et al. 2006; Bouchard et al. 2016).

Another factor facilitating the rapid expansion of sand
lance distribution into the Arctic could be fast post-hatch-
ing growth rates, allowing individuals to reach a relatively
large size before the onset of the first winter (Falardeau
et al. 2014). At the juvenile stage, sand lance shift to a
semi-demersal lifestyle and start burying themselves in
sediments of intertidal and subtidal zones to hide from
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predators or to initiate dormancy in adverse conditions
(Girsa and Danilov 1976; Hobson 1986; Heath et al. 2012).
We speculate that such a strategy provides an advantage
over other boreal species for settling into Arctic ecosys-
tems by optimizing survival rate in harsh environments
during the winter period. In the present study, 33% of the
fish caught in September had already surpassed the size at
which other Ammodytes species metamorphose into dem-
ersal juveniles (29 mm for A. americanus; Smigielski et al.
1984), confirming that growth rates achieved as far east as
the Queen Maud Gulf were sufficient for juvenile settle-
ment prior to overwintering.

The first records of Pacific sand lance in the Northwest
Passage reported in this study may indicate a long-term
climate-driven range shift of this boreal species into the
Arctic, with expected consequences on species interactions
and ecosystem functioning (Fogarty et al. 2017, Pecl et al.
2017). As sand lance keep expanding their range into the
rapidly warming Arctic, areas of competition among forage
fish species are expected to increase, with the predicted
displacement of polar cod by boreal species, as previously
documented in the Barents Sea (Fossheim et al. 2015), the
Southern Hudson Bay (e.g., Gaston et al. 2003, 2012), and
Cumberland Sound (Watt et al. 2016) through the shifting
diet and population dynamics of apex vertebrate predators.
The potential loss of the energy-rich polar cod as the main
forage prey could have dramatic impacts on Arctic marine
food webs (Welch et al. 1992; Whitehouse et al. 2014). In
particular, the relatively low energy content of Pacific sand
lance (15.7-21.1 kJ/g dwfl; Van Pelt et al. 1997; Robards
et al. 1999a, b; Anthony et al. 2000) compared with that of
polar cod (24.2-26.1 kl/g dw™!; Weslawski et al. 1994:
Hop et al. 1997) suggests that the boreal invader may not
be able to meet the energy needs of some of the Arctic top
predators. Moreover, the current invasion is occurring at a
rate higher than that predicted by model projections (Wisz
et al. 2015), potentially limiting the adaptation period over
which top predators will face a new prey field. A rapid shift
in forage fish species composition is expected to mediate
major top-down and bottom-up effects, accelerating the
borealization of marine food webs in Canadian Arctic
ecosystems, and raising potential challenges for ecosystem
services, human well-being and governance in the Arctic
(Pecl et al. 2017).

Acknowledgements We thank the captains and crews of the CCGS
Amundsen and the R/V Martin Bergmann. Thanks to C. Aubry, D.
Chen and L. N. Harris for field and/or laboratory support, and to
C. J. Mundy, B. Else, J.-S. Moore, and E. M. Bennett for logistical
support and/or supervision. We thank the team of the Institut de
Biologie Intégrative et des Systémes (IBIS) for their assistance with
the genetic analysis. The Arctic Research Foundation, Polar Knowl-
edge Canada, ArcticNet, the CREATE program in Environmental
Innovation, the Marine Environmental Observation, Prediction and
Response network (MEOPAR) and the W. Garfield Weston

Foundation provided financial and/or logistical support. We are very
thankful to the Ekaluktutiak Hunters and Trappers Organization
(EHTO) for providing insights and for supporting this project, and to
all the Inuit harvesters who participated in the study. M. Falardeau
received a scholarship from the Fonds de Recherche du Québec—
Nature et Technologies (FRQNT).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards. This article does not contain any studies with animals
performed by any of the authors. All applicable international,
national, and/or institutional guidelines for the care and use of ani-
mals were followed.

Informed consent Informed consent was obtained from all individ-
ual participants included in the study. Additional informed consent
was obtained from all individual participants for whom identifying
information is included in this article.

References

Aljanabi MS, Martinez I (1997) Universal and rapid salt-extraction of
high quality genomic DNA for PCR-techniques. Nucl Acids Res
25(22):4692-4693

Anthony JD, Roby DD, Turco K (2000) Lipid content and energy
density of forage fishes from the northern Gulf of Alaska. J Exp
Mar Biol Ecol 248:53-78

Bouchard C, Mollard S, Suzuki K, Robert D, Fortier L (2016)
Contrasting the early life histories of sympatric Arctic gadids
Boreogadus saida and Arctogadus glacialis in the Canadian
Beaufort Sea. Polar Biol 39(6):1005-1022

Chambellant M, Stirling I, Ferguson SH (2013) Temporal variation in
western Hudson Bay ringed seal Phoca hispida diet in relation to
environment. Marine Ecol Prog Ser 481:269-287

Cheung WWL, Lam VWY, Sarmiento JL, Kearney K, Watson R,
Pauly D (2009) Projecting global marine biodiversity impacts
under climate change scenarios. Fish Fish Ser 10:235-251

Core Team R (2014) R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna

Falardeau M, Robert D, Fortier L (2014) Could the planktonic stages
of polar cod and Pacific sand lance compete for food in the
warming Beaufort Sea? ICES J Mar Sci 71:1956-1965

Falk-Petersen S, Timofeev S, Pavlov V, Sargent JR (2006) Climate
variability and the effect on arctic food chains. The role of
Calanus. In: @rbek JB, Tombre T, Kallenborn R, Hegseth EN,
Falk-Petersen S, Hoel AH (eds) Arctic-Alpine ecosystems and
people in a changing environment. Springer, Berlin, pp 147-166

Ferguson SH, Higdon JW, Chmelnitsky EG (2010) The rise of killer
whales as a major arctic predator. In: Ferguson S, Loseto L, Mallory
M (eds) A little less arctic. Springer, Netherlands, pp 117-136

Fogarty HE, Burrows MT, Pecl GT, Robinson LM, Poloczanska ES
(2017) Are fish outside their usual ranges early indicators of
climate-driven range shifts? Glob Chang Biol 23(5):2047-2057

Fossheim M, Primicerio R, Johannesen E, Ingvaldsen RB, Aschan
MM, Dolgov AV (2015) Recent warming leads to a rapid
borealization of fish communities in the Arctic. Nat Clim Chang
5:673-677

@ Springer



2296

Polar Biol (2017) 40:2291-2296

Gaston AJ, Woo K, Hipfner JM (2003) Trends in forage fish populations
in northern Hudson Bay since 1981, as determined from the diet of
nestling thick-billed murres Uria lomvia. Arctic 56:227-233

Gaston AJ, Smith PA, Provencher JF (2012) Discontinuous change in
ice cover in Hudson Bay in the 1990s and some consequences
for marine birds and their prey. ICES J Mar Sci 69:1218-1225

Girsa I, Danilov A (1976) The defensive behavior of the White Sea
sand lance Ammodytes hexapterus. J Ichthyol 16:862-865

Gladics AJ, Suryan RM, Parrish JK, Horton CA, Daly EA, Peterson WT
(2015) Environmental drivers and reproductive consequences of
variation in the diet of a marine predator. J Mar Syst 146:72-81

Golikov AV, Sabirov RM, Lubin PA, Jgrgensen LL (2013) Changes
in distribution and range structure of Arctic cephalopods due to
climatic changes of the last decades. Biodivers 14:28-35

Grebmeier JM (2012) Shifting patterns of life in the Pacific Arctic and
sub-Arctic Seas. Annu Rev Mar Sci 4:63-78

Greene C, Kuehne L, Rice C, Fresh K, Penttila D (2015) Forty years
of change in forage fish and jellyfish abundance across greater
Puget Sound, Washington (USA): anthropogenic and climate
associations. Mar Ecol Prog Ser 525:153-170

Heath MR, Rasmussen J, Bailey MC, Dunn J, Fraser J, Gallego A,
Hay SJ, Inglis M, Robinson S (2012) Larval mortality rates and
population dynamics of Lesser Sandeel (Ammodytes marinus) in
the northwestern North Sea. J Mar Syst 93:47-57

Hipfner JM, Galbraith M (2014) Diet of the Pacific sand lance
(Ammodytes hexapterus) in the Salish Sea, British Columbia, in
the 1960s. Can Field Nat 128(1):57-62

Hobson ES (1986) Predation on the Pacific sand lance, Ammodytes
hexapterus (Pisces: Ammodytidae), during the transition between
day and night in southeastern Alaska. Copeia 1986:223-226

Hollowed AB, Planque B, Loeng H (2013) Potential movement of fish
and shellfish stocks from the sub-Arctic to the Arctic Ocean. Fish
Oceanogr 22:355-370

Hop H, Tonn WM, Welch HE (1997) Bioenergetics of Arctic cod
(Boreogadus saida) at low temperatures. Can J Fish Aquat Sci
54(8):1772-1784

Ivanova NV, Zemlak TS, Hanner RH, Hebert PDN (2007) Universal
primer cocktails for fish DNA barcoding. Mol Ecol Notes
7(4):544-548

Kraft A, Nothig E-M, Bauerfeind E, Wildish DJ, Pohle GW,
Bathmann UV, Beszczynska-Moller A, Klages M (2013) First
evidence of reproductive success in a southern invader indicates
possible community shifts among Arctic zooplankton. Mar Ecol
Prog Ser 493:291-296

Logerwell E, Busby B, Carothers C, Cotton S, Duffy-Anderson J,
Farley E, Goddard P, Heintz R, Holladay B, Horne J, Johnson S,
Lauth B (2015) Fish communities across a spectrum of habitats
in the western Beaufort Sea and Chukchi Sea. Prog Oceanogr
136:115-132

Mackenzie BR, Payne MR, Boje J, Hgyer JL, Siegstad H (2014) A
cascade of warming impacts brings bluefin tuna to Greenland
waters. Glob Chang Biol 20:2484-2491

Manson GK, Solomon SM (2007) Past and future forcing of Beaufort
Sea coastal change. Atmos Ocean 45(2):107-122

McLaughlin FA, Carmack EC, Ingram RG, Williams W, Michel C
(2006) Oceanography of the Northwest Passage. In: Brink K (ed)
Robinson AR. The Sea, New York, pp 1213-1244

Ocean Networks Canada (2016) Arctic sea ice: slow growth in 2016.
http://www.oceannetworks.ca/arctic-sea-ice-slow-growth-2016.
Accessed 15 Dec 2016

O’Connell M, Fives JM (1995) The biology of the lesser sandeel
Ammodytes tobianus L. in the Galway Bay area. Biol Environ
95B:87-98

Pecl GT et al (2017) Biodiversity redistribution under climate change:
Impacts on ecosystems and human well-being. Science
355(6332):eaai9214

@ Springer

Provencher JF, Gaston AJ, O’Hara PD, Gilchrist HG (2012) Seabird
diet indicates changing Arctic marine communities in eastern
Canada. Mar Ecol Prog Ser 454:171-182

Rand KM, Logerwell EA (2011) The first demersal trawl survey of
benthic fish and invertebrates in the Beaufort Sea since the late
1970s. Polar Biol 34:475-488

Renaud PE, Sejr MK, Bluhm BA, Sirenko B, Ellingsen IH (2015) The
future of Arctic benthos: expansion, invasion, and biodiversity.
Prog Oceanogr 139:244-257

Robards MD, Anthony JA, Rose GA, Piatt JF (1999a) Changes in
proximate composition and somatic energy content for Pacific
sand lance (Ammodytes hexapterus) from Kachemak Bay,
Alaska relative to maturity and season. J Exp Mar Biol Ecol
242(2):245-258

Robards MD, Willson MF, Armstrong RH, Piatt JF (1999b) Sand
lance: a review of biology and predator relations and annotated
bibliography. Research Paper PNW-RP-521. US Department of
Agriculture, Forest Service, Pacific Northwest Research Station,
Portland

Smigielski AS, Halavik TA, Buckley LJ, Drew SM, Laurence GC
(1984) Spawning, embryo development and growth of the
American sand lance Ammodytes americanus in the laboratory.
Mar Ecol Prog Ser 14:287-292

Steiner N et al (2015) Observed trends and climate projections
affecting marine ecosystems in the Canadian Arctic. Environ
Rev 23:191-239

Suzuki KW, Bouchard C, Robert D, Fortier L (2015) Spatiotemporal
occurrence of summer ichthyoplankton in the southeast Beaufort
Sea. Polar Biol 38:1379-1389

Tokranov AM (2007) Distribution and some biological features of the
Pacific sand lance Ammodytes hexapterus (Ammodytidae) in
waters off Kamchatka in the Sea of Okhotsk. J Ichthyol
47:288-295

Van Pelt TI, Piatt JF, Lance BK, Roby DD (1997) Proximate
composition and energy density of some North Pacific forage
fishes. Comp Biochem Phys A 118(4):1393-1398

Ward RD, Zemlak TS, Innes BH, Last PR, Hebert PDN (2005) DNA
barcoding Australia’s fish species. Philos T R Soc B
360:1847-1857

Watt CA, Ferguson SH (2015) Fatty acids and stable isotopes 6"3C
and 3'°N) reveal temporal changes in narwhal (Monodon
monoceros) diet linked to migration patterns. Mar Mamm Sci
31:21-44

Watt CA, Orr J, Ferguson SH (2016) A shift in foraging behaviour of
beluga whales Delphinapterus leucas from the threatened
Cumberland Sound population may reflect a changing Arctic
food web. Endanger Species Res 31:259-270

Welch HE et al (1992) Energy flow through the marine ecosystem of
the Lancaster Sound region, Arctic Canada. Arctic 45:343-357

Weslawski JM (1994) Diet of ringed seals (Phoca hispida) in a fjord
of West Svalbard. Arctic 47(2):109-114

Whitehouse GA, Aydin K, Essington TE, Hunt GL (2014) A trophic
mass balance model of the eastern Chukchi Sea with compar-
isons to other high-latitude systems. Polar Biol 37:911-939

Wisz MS, Broennimann O, Grgnkjer P, Mgller PR, Olsen SM,
Swingedouw D, Hedeholm RB, Nielsen EE, Guisan A, Pellissier
L (2015) Arctic warming will promote Atlantic-Pacific fish
interchange. Nat Clim Chang 5:261-265

Yoon S, Watanabe E, Ueno H, Kishi MJ (2015) Potential habitat for
chum salmon (Oncorhynchus keta) in the Western Arctic based
on a bioenergetics model coupled with a three-dimensional
lower trophic ecosystem model. Prog Oceanogr 131:146-158

Young BG, Ferguson SH (2014) Using stable isotopes to understand
changes in ringed seal foraging ecology as a response to a
warming environment. Mar Mammal Sci 30:706-725


http://www.oceannetworks.ca/arctic-sea-ice-slow-growth-2016

	First records of Pacific sand lance (Ammodytes hexapterus) in the Canadian Arctic Archipelago
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgements
	References




