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*Document the state of the Arctic climate and marine life

— particularly in regions of projected rapid change.
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Abstract Taxonomic and distributional information on each
fish species found in arctic marine waters is reviewed, and a
list of families and species with commentary on distributional
records is presented. The list incorporates results from
examination of museum collections of arctic marine fishes
dating back to the 1830s. lt also incorporates results from
DNA barcoding, used to complement morphological charac-
ters in evaluating problematic taxa and to assist in identifica-
tion of specimens collected in recent expeditions. Barcoding
results are depicted in a neighbor-joining tree of 880 CO/
(cytochrome ¢ oxidase i gene) scquences distributed among
165 species from the arctic region and adjacent waters, and
discussed in the family reviews. Using our definition of the
arctic region, we count 242 specics with documented
presence, if 12 species that likely arc synonyms are
excluded. The 242 species arc distributed among 45 families.

This article belongs to the special issue “Arctic Ocean Diversity
Synthesis™

Electronic supplementary material The online version of this article
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Six familics in Cottoidei with 72 species and five in
Zoarcoidei with 55 species account for morc than half
(52.5%) the species. This study produced CO/ sequences for
106 of the 242 species. Scquence variability in the barcode
region permits discrimination of all specics. The average
sequencc variation within species was 0.3% (range 0-3.5%),
while the average genetic distance between congeners was
4.7% (range 3.7-13.3%). The COI/ sequences support
taxonomic separation of some specics, such as Osmerus
dentex and O. mordax and Liparis bathyarcticus and L.
gibbus; and synonymy of others, like Myoxocephalus
verrucosus in M. scorpius and Gymnelus knipowitschi in
G. hemifasciatus. They sometimes rcvealed the presence of
additional specics that were not cutircly expected, such as an
unidentified specics of Ammodytes in the western Gulf of
Alaska, most likely 4. personatus; and an unidentified Icelus
species of the 1. spatula complex with populations in the
western Gulf of Alaska and the northern Bering and Chukchi
Seas which could be a new species or a species in synonymy.
Reviewing distribution, we found that for 24 species the
patterns assigned by authors understated historical presence
in the arctic region, and for 12 specics they overstated
presence. For instance, Hippoglossoides robustus is counted
as an arctic—boreal species rather than predominantly boreal,
and Artediellus uncinatus as predominantly arctic rather than
predominantly boreal. Species with arctic, predominantly
arctic, or arctic-boreal distributions composed 41% of the
242 species in the region, and predominantly boreal, boreal,
and widely distributed species composed 59%. For some
contincntal shelf species, such as the primarily amphiboreal
Eumesogrammus praecisus and Leptoclinus maculatus,
distributions appear to reflect changes, including reentry into
Arctic seas and reestablishment of continuous ranges, that
zoogeographers belicve have been going on since the end of
land bridge and glacial times.
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Head spines large,
typically doubled
or wedge-like

Northern
Bering Sea

Myoxocephalus scorpius

Head spines Shorthorn Sculpin

absent or small
and single

Southeastern
Gulf of Alaska



Geographic
distribution

Myoxocephalus
scorpius
Shorthorn Sculpin

arctic—boreal,
circumpolar



Gadus chalcogrammus Pallas, 1814

Walleye Pollock Theragra
finnmarchica

< Norway Pollock
(Koefoed 1956)

Theragra
chalcogramma

Walleye Pollock
(Pallas 1814)

Norway Pollock and Walleye Pollock are the same species
(e.g., Ursvik et al. 2007, Byrkjedal et al. 2008)



Gadus chalcogrammus
Norway Walleye Pollock

pollock
S Chukchi Borderland:

1 at 365-370 m
(74°07’ N, 166°01’W)

Overall depth range:
Surface to 1,200 m

Demersal & pelagic

RUSALCA 2009 70 392 mm TL
74°07°'N, 166°01'W

predominantly
boreal Pacific;
also North Atlantic



Liparis gibbus
Variegated Snailfish

Liparis bathyarcticus
Nebulous Snailfish

Very close in appearance, yet they are different species
(Chernova 2008)



Liparis fabricii
Gelatinous Seasnail

Liparis tunicatus
Kelp Snailfish

Liparis bathyarcticus
Nebulous Snailfish

Liparis gibbus
Variegated Snailfish

DNA sequences
(barcodes) indicate 4
distinct species of Liparis
are present in the Chukchi
and Beaufort Seas



Myoxocephalus stelleri
Frog Sculpin



Hippoglossoides

robustus
Bering Flounder

Buchan Bay, 1965

Eggs at < Bathurst Inlet,1975
East Siberian Sea Long Strait
RUSALCA 2009 1934
= v arctic—boreal

Pacific



Hippoglossoides
robustus

= H. elassodon

Flathead Sole
(Kartavtsev et al. 2007

arctic—-boreal
Pacific



Hippoglossoides
robustus

= H. elassodon

Flathead Sole
(Kartavtsev et al. 2007

arctic—-boreal
Pacific



Arctic
41%

Boreal
59%

Fish species in Arctic Region
(n = 242 species)



Arctic Arctic
41%

Boreal

599% Boreal

60%

Fish species in Arctic Region Fish species in Chukchi Sea



Marine fish species in the Chukchi Sea

Arctic Arctic
46%

Boreal
60%

Boreal
54%

1939 2011

(Andriashev 1939) (Mecklenburg, Mgller, Steinke 2011)
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Leptoclinus maculatus
Daubed Shanny

Liparis fabricii
Gelatinous Seasnail

Reinhardtius hippoglossoides
Greenland Halibut

Six species collected in the Chukchi Borderland
are also found on the continental shelf

Arctogadus glacialis
Polar Cod

Boreogadus saida
Arctic Cod

Gadus chalcogrammus
Walleye Pollock



Artediellus atlanticus
Atlantic Hookear Sculpin

Lycodes adolfi
Adolf’s Eelpout

Triglops nybelini
Bigeye Sculpin

Careproctus reinhardti
Sea Tadpole

Cottunculus microps
Polar Sculpin

Lycodes seminudus
Longear Eelpout

Six species were found only in the Chukchi Borderland



Barents
Sea Fram
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Atlantic
Water
circulation
in the Arctic,
200-800 m



Yermak
< Plateau

RUSALCA2009 >@
76°33'N, 164°27'W

Lycodes adolfi

Nielsen & Fossa, 1993
Adolf’s Eelpout

Chukchi Borderland:
4 at 580-588 m

Overall depth range:
386—-1,880 m

Benthic

193 mm TL

arctic, mainly
Atlantic,
probably
circumpolar



Artediellus atlanticus
Atlantic Hookear Sculpin

Chukchi Borderland:
5 at 227-236 m
2 at 365-370 m

Overall known depth range:
11-1,366 m

Benthic

142 mm TL

arctic—boreal,
mainly Atlantic,
possibly
circumpolar



Pacific-Arctic Marine Fishes

A distributional atlas and identification guide to the
fishes of the RUSALCA study area

(northern Bering Sea, East Siberian, Chukchi, and Beaufort Seas,

and the adjacent deep waters of the Arctic Ocean)

Mecklenburg and others

In preparation



Family: Agonidae — Poachers

Aspidophoroides olrikii  Arctic alligatorfish

Head large, more than
20% of body length

Short barbel
on posterior
end of upper
jaw

Mature males have white
blotch on posterior portion
of dorsal fin

One dorsal fin

77 mm
female
Body robust

One row of plates

69 mm above lateral line plates
male
54 mm
male

Chalky white or pink marks present
on head or back of some individuals
are not particular to this species and

not helpful for identification

74-77 mm
3 males, 1 female

39 mm

Sharp spines on plates in
juveniles, smoother in adults

27 mm

Lower jaw protrudes in
small juveniles, jaws are
about even in adults

® Reaches about 10 cm in length.

¢ The relatively large head and short, robust body
reliably distinguish this species from alligatorfish
Aspidophoroides monopterygius.

Photographs:

77 mm female: UAM 5833, NE Chukchi Sea, barcode OSHOR08-56

69 mm male: UAM 6304, W Beaufort Sea, barcode BEAU2011-116

54 mm male: UAM 5727, NE Chukchi Sea, barcode ID OSHOR08-38

74-77 mm males & female: PSR 842, NE Bering Sea, 2006

39 mm: UAM 5873, NE Chukchi Sea, 2007

27 mm (tail broken off): UAM 6373, W Beaufort Sea, barcode BEAU2011-83
All by C. W. Mecklenburg

Pacific-Arctic Marine Fishes, DRAFT, CWM, rev 29 Nov 2012
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Agonidae — Poachers

Aspidophoroides olrikii Lutken, 1877 Arctic alligatorfish

French name: poisson-alligator arctique

Norwegian name: arktisk panserulke

Russian name: [name in cyrillic to be inserted]
(ledovitomorskaya lisitchka)

Zoogeography: Predominantly arctic.

Distribution: Nearly circumpolar, from south-
eastern Barents Sea and White Sea eastward to
west Greenland, southward in the Atlantic to the
Newfoundland banks and in the Pacific to the
southern Bering Sea and Gulf of Alaska.

Records from the southern Bering Sea east of the
Pribilof Islands (UW 116517) and the Gulf of Alaska
at Prince William Sound (UAM 1171) are excep-
tional (dots on the map). Other records occur
southward in the Bering Sea only to the vicinity of
St. Matthew Island and west of Nunivak Island.

Not known from the Canadian high Arctic archipel-
ago, northern Baffin Bay, east Greenland to the
Norwegian Sea and northern Barents Sea (Mecklen-
burg et al. 2011). In bottom trawl surveys of the
Barents Sea in 2004-2009, was found only in the eastern part near Novaya Zemlya (Wienerroither et al. 2011). The
Atlantic Reference Centre has records of A. olrikii as far south as Georges Bank off the Gulf of Maine (ARC 186059).

Habitat: Benthic, at depths of 3-520 m on mud, sand, gravel, and rock substrates. Usually taken in waters less than
100 m deep. Greatest depth of capture in RUSALCA bottom trawls was 83 m in the East Siberian Sea northwest of
Wrangel Island (Appends. D, E). Reported to 400 m in the Beaufort Sea off Alaska (Frost and Lowry 1983), 248 m in
Franklin Bay east of Cape Bathurst (CMNFI 1977-0975.5), 200-300 m in the Barents Sea and 520 m in the Kara Sea
(Andriashev 1986). The Prince William Sound record (UAM 1171) comprises 3 specimens taken in Port Wells, a fjord,
at a depth of 420 m. The minimum depth of 3 m is from a specimen (USNM 111624) caught in a trap on the Chukchi
Sea side of Point Barrow. Reported to occur on substrates of mud, sand, stones, and rocks in various mixtures (Backus
1957, Andriashev 1986); found on mud, muddy sand, muddy gravel, and gravel by the RUSALCA (Appends. D, E).

Reported to prefer temperatures below 0°C, up to 2-3°C off western Greenland and 7.5°C in the White Sea; and
salinities of 33-35 units, except relatively freshened, to 23-28 units in the East Siberian, Kara, and White Seas
(Andriashev 1954, 1986). The lowest temperature reported was -1.85°C off Labrador (Backus 1957). In 2004, taken
in RUSALCA otter trawls at -1.7°C and salinity of 33.32 in the western Chukchi Sea northeast of Wrangel Island to
7.9°C and salinity of 31.30 off Cape Lisburne in the eastern Chukchi Sea (Mecklenburg et al. 2007). Lowest salinities
encountered for A. olrikii in RUSALCA sampling were off the Russian coast in 2009: 25.79 in Long Strait and 28.67 off
Cape Serdste Kamen’; temperature at both stations was 3.7°C (Appends. D, E).

Identifying features: Brownish to greenish brown on back and upper sides, fading to white below; three darker
saddle bands or blotches and dark band around base of caudal fin; dorsal fin blackish; anal and pelvic fins white;
caudal fin blackish brown with white area in center and white along margin. Males have chalky white blotch on
posterior area of dorsal fin. Dark bands are more distinct in juveniles. Body elongate and robust, greatest depth
more than 12% of standard length. Head broad, large, head length more than 20% of standard length. Mouth
terminal. Nasal spine (paired) present, nearly indiscernible to well developed. Short barbel on posterior end of
maxilla. One dorsal fin (the first is absent), with 5-7 rays, opposite anal fin with 5-7 rays. Plates on body and top of
head flat, without spines or keels; supralateral row of plates absent, leaving one row of plates above lateral line; 40
or fewer plates in lateral line row; single row of plates along midline of breast.

Family: Agonidae — Poachers
Aspidophoroides olrikii  Arctic alligatorfish

Head large, more than
20% of body length

One dorsal fin

Short barbel 77 mm
on posterior female
end of upper Body robust

jaw

Mature males have white
blotch on posterior portion
of dorsal fin

One row of plates

69 mm above lateral line plates
male
54 mm
male

Chalky white or pink marks present
on head or back of some individuals
are not particular to this species and
not helpful for identification

Sharp spines on plates in
juveniles, smoother in adults

27 mm

Lower jaw protrudes in
small juveniles, jaws are
about even in adults

74-77 mm * Reaches about 10 cm in length.

3 males, 1 female * The relatively large head and short, robust body
reliably distinguish this species from alligatorfish
Aspidophoroides monopterygius.

Photographs:
77 mm female: UAM 5833, NE Chukchi Sea, barcode OSHOR08-56

69 mm male: UAM 6304, W Beaufort Sea, barcode BEAU2011-116

54 mm male: UAM 5727, NE Chukchi Sea, barcode ID OSHOR08-38

7477 mm males & female: PSR 842, NE Bering Sea, 2006

39 mm: UAM 5873, NE Chukchi Sea, 2007

27 mm (tail broken off): UAM 6373, W Beaufort Sea, barcode BEAU2011-83

39mm All by C. W. Mecklenburg

Pacific-Arctic Marine Fishes, DRAFT, CWM, rev 29 Nov 2012
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Small juveniles (about 40 mm or less) differ from the adults by having pectoral fins with a narrow blackish band in the
middle and broad blackish distal portion, spinelike keels on the plates, a projecting lower jaw, and the anus situated
farther posteriorly.

Adults reach at least 100 mm TL in the Barents Sea
(Wienerroither et al. 2011). The largest A. olrikii
measured in UAM 1973 and RUSALCA 2004-12
bottom trawl catches in the Chukchi Sea was 76 mm,
and the mean length was 49 mm (see chart). In the
Barents Sea in 2004-08 the mean was 64 mm
(Wienerroither et al. 2011). In the Gulf of St. Lawrence
in 2004-08, the largest was 83 mm and the mean was
71 mm (Nozeres et al. 2010). The relatively small
average size of A. olrikii in the Pacific-Arctic could be
an artifact of net mesh size or other gear differences,
or there could be populational differences in size.

Relative abundance in Pacific-Arctic: The most numerous poacher in bottom trawl surveys of the Chukchi and
Beaufort Seas, where this species has ranked 5-12th in abundance by number of fish caught (e.g., Frost and Lowry
1983, Mecklenburg et al. 2007; Appendix F).

Uncommon or rare in subarctic waters. In the Bering Sea, rare south of St. Matthew and Nunivak Islands
(Mecklenburg et al. 2011). In the Gulf of St. Lawrence, was found at only 3% of stations sampled in 2004-2008
(Nozeres et al. 2010), compared to 35-75% of stations sampled in the Chukchi Sea by the UAM 1973 and RUSALCA
2004, 2009, and 2012 bottom trawls.

Liitken, 1886: P1. XV, fig. 1-3;
Kara Sea

Taxonomy: Considered by some taxonomists to represent a separate genus Ulcina (e.g., Cramer 1896, Jordan et al.
1930, Kanayama 1991), this species is more appropriately classified in its original genus, Aspidophoroides
(Mecklenburg et al. 2011). The close genetic similarity of A. olrikii to A. monopterygius may be seen in the barcode
identification tree (Appendix B). The two species differ by a genetic distance of only 1.4%.

Aspidophoroides guentherii Bean, 1885 was described as a new species from Alaska but was later recognized
(Rendahl 1931) from further study of the morphology to be the same as A. olrikii from Greenland and other Atlantic
localities. The barcode database includes barcodes of A. olrikii from the Barents Sea and they are the same as those
from the northern Bering, East Siberian, Chukchi, and Beaufort Seas, together exhibiting very low intraspecific
variation (0.0%)

Pacific-Arctic Marine Fishes, DRAFT, CWM, 16 March 2013

ITIS Taxonomic Serial Number: 692156

References for Aspidophoroides olrikii

Andriashev AP (1954) Fishes of the northern seas of the USSR. Akad
Nauk SSSR, Zool Inst, Opredeliteli po Faune SSSR 53. [In
Russian; trans] 1964, Israel Prog Sci Transl] [pp 468471 of
transl.]

Andriashev AP (1986) Agonidae. In: Whitehead PJP, Bauchot ML,
Hureau JC, Nielsen J, Tortonese E (eds) Fishes of the North-
eastern Atlantic and the Mediterranean. Unesco, Paris, pp 1265—
1268

Backus BH (1957) The fishes of Labrador. Bull Am Mus Nat Hist 113
(4):273-338

Bean TH (1885) Description of a new species of Aspidophoroides (A
giintherii) from Alaska. Proc US Natl Mus 8:74-75

Busby MS (1998) Guide to the identification of larval and early
juvenile poachers (Scorpaeniformes: Agonidae) from the north-
eastern Pacific Ocean and Bering Sea. NOAA Tech. Rep. NMFS
137

Frost KJ, Lowry LF (1983) Demersal fishes and invertebrates trawled
in the northeastern Chukchi and western Beaufort seas, 1976-77.
NOAA Tech Rep NMFS SSRF-764

Hunter JG, Leach ST, McAllister DE, Steigerwald MB (1984) A
distributional atlas of records of the marine fishes of Arctic Canada
in the National Museums of Canada and Arctic Biological Station.
Syllogeus (Ottawa) 52

Jensen AS (1942) Contributions to the ichthyofauna of Greenland 1-3.
Spolia Zool Mus Haun 2 [pp 34-36].

Jordan DS, Evermann BW (1896) A check-list of the fishes and fish-
like vertebrates of North and Middle America. Rep US Fish Comm
21, Append 5:207-584

Jordan DS, Evermann BW (1898) The fishes of North and Middle
America: a descriptive catalogue of the species of fish-like
vertebrates found in the waters of North America, north of the
Isthmus of Panama. Part II. US Natl Mus Bull 47: i—xxx, 1241—
2183 [pp 2088-2091]

Kanayama T (1991) Taxonomy and phylogeny of the family Agonidae
(Pisces: Scorpaeniformes). Mem Fac Fish Hokkaido Univ 38(1.2)
[pp 86-87]

Liitken (1877) Korte bidrag til nordisk Ichthyographi. I. Forelobige
Meddelelser om nordiske Ulkefiske (Cottoidei). Videnskabelige

Meddelelser fra den Naturhistoriske Forening i Kjebenhavn, Aaret
1876-1877: 355-388 + French translation, pp 72-98

Liitken CF (1886) Et bidrag til kundskab om Kara-havets fiske. Pp.
117-154, Pls. 15-17 In: Dijmphna-togtets zoologisk-botanisk
udbytte. Copenhagen. i-xxi + 1-515, Pls. 1-41. [As a separate, pp.
1-40, pls. 15-17, dated 1886. Main work may be 1887. In Danish.]

McAllister DE (1962) Fishes of the 1960 “Salvelinus™ program from
western Arctic Canada. Natl Mus Can Bull 185:17-39

Mecklenburg CW, Mecklenburg TA, Thorsteinson LK (2002) Fishes of
Alaska. American Fisheries Society, Bethesda, Maryland [p 552]

Mecklenburg CW, Meller PR, Steinke D (2011) Biodiversity of arctic
marine fishes: taxonomy and zoogeography. Mar Biodivers
41:109-140 [Online Resource 1:29-30]

Mecklenburg CW, Stein DL, Sheiko BA, Chernova NV, Mecklenburg
TA, Holladay BA (2007) Russian-American Long-term Census of
the Arctic: benthic fishes trawled in the Chukchi Sea and Bering
Strait, August 2004. Northwest Nat 88:168—187

Moller PR, Nielsen JG, Knudsen SW, Poulsen JY, Siinksen K,
Jorgensen OA (2010) A checklist of the fish fauna of Greenland
waters. Zootaxa 2378:1-84

Nozéres C, Archambault D, Chouinard P-M, Gauthier J, Miller R,
Parent E, Schwab P, Savard L, Dutil J-D (2010) Identification
guide for marine fishes of the estuary and northern Gulf of St.
Lawrence and sampling protocols used during trawl surveys
between 2004 and 2008. Can Tech Rep Fish Aquat Sci 2866

Rendahl H (1931) Fische aud dem &stlichen Sibirischen Eismeer und
dem Nordpazifik. Arkiv f Zool 22A(10): 1-81

Scott WB, Scott MG (1988) Atlantic fishes of Canada. Can Bull Fish
Aquat Sci 219

Sheiko BA, Mecklenburg CW (2004) Family Agonidaec Swainson 1839
— poachers. California Academy of Sciences Annotated Checklist
of Fishes 30

Wienerroither R, Johannesen E, Dolgov A, Byrkjedal I, Bjelland O,
Drevetnyak K, Eriksen KB, Hoines A, Langhelle G, Langoy H,
Prokhorova T, Prozorkevich D, Wenneck T (2011) Atlas of the
Barents Sea fishes. IMR/PINRO Joint Report Series 1-2011, ISSN
1502-8828




Collaborators & Contributors

Ingvar Byrkjedal, Bergen Museum, University of Bergen, Bergen, Norway

Jgrgen S. Christiansen, Department of Arctic and Marine Biology, University of
Troms@, Troms@, Norway

Oleg V. Karamushko, Murmansk Marine Biological Institute, Kola Science Centre,
Russian Academy of Sciences, Murmansk, Russia

Arve Lynghammar, Department of Arctic and Marine Biology, University of Tromsg,
Troms@, Norway

Peter R. Mgller, Natural History Museum of Denmark, University of Copenhagen,
Copenhagen, Denmark

Dirk Steinke, Biodiversity Institute of Ontario, University of Guelph, Guelph, Ontario,
Canada

Natalia V. Chernova, Zoological Institute, St. Petersburg, Russia

Boris A. Sheiko, Zoological Institute, St. Petersburg, Russia

Brenda A. Holladay, Institute of Marine Science, University of Alaska Fairbanks, USA
Morgan S. Busby, NOAA, Alaska Fisheries Science Center, Seattle, Washington, USA
James W. Orr, NOAA, AFSC, Seattle, Washington, USA

William N. Eschmeyer, California Academy of Sciences, San Francisco, California, USA



* Danny Kent, Vancouver Aquarium, British Columbia, Canada

e Camilla Ottesen-Meyer, University of Tromsg, Norway

* Elena Voronina, Zoological Institute, St. Petersburg, Russia

* David Catania, California Academy of Sciences, San Francisco, California USA

* John Fong, California Academy of Sciences, San Francisco, California USA

* J. Andres Lopez, Museum of the North, University of Alaska Fairbanks, USA

* Katherine P. Maslenikov, University of Washington, Fish Collection, Seattle, Washington, USA
* Arcady Balushkin, Zoological Institute, St. Petersburg, Russia

And many others



