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ABSTRACT

Two species of the bivalve family Vesicomyidae have recently been sampled in marine sediment cores at a
cold methane seepage site on Vestnesa Ridge, located in the eastern Fram Strait at 79°N. The specimens
were dated to between 16,400 and 14,800 calibrated YBP and are the northernmost known representatives
of the family. Archivesica arctica n. sp., a comparatively small species within the genus, is described for the first
time. Isorropodon nyeggaensis has previously been known solely from the area of the type locality on the
Norwegian continental margin at 64°N. Both species were, as typical for vesicomyids, living in the sulphide-
rich reducing habitats occurring at cold seeps. Both the specimens of A. arctica from the Vestnesa Ridge and
the specimens reported previously from the Gakkel Ridge north of Russia occurred exclusively in sediments
dated to a cold event during the deglaciation named Heinrich event H1, ¢. 18,000-15,000 YBP. Despite
great efforts, sampling of living specimens in modern active methane seeps in the Arctic has not been success-
ful. It appears that not only the availability of hydrogen sulphide, but also the increased bottom-water tem-
peratures, characterizing H1 in the Arctic, restricted the occurrence of vesicomyids to this short time interval.

INTRODUCTION

Vestnesa Ridge on the continental slope off' northwestern
Spitsbergen (Svalbard Archipelago) in the eastern Fram Strait
(Fig. 1) is one of the northernmost known areas of deep-water cold
methane seeps (Hustoft et al., 2009; Biinz et al., 2012). Since the
discovery of pockmarks and acoustic anomalies at the Vestnesa
Ridge in the early 1990s (Vogt et al., 1994), the area has been a
subject of multiple geophysical and environmental studies (e.g.
Pimenov e al., 2000; Hustoft et al., 2009; Ambrose et al., 2015;
Plaza-Faverola et al, 2015; Hong et al, 2016; Sztybor &
Rasmussen, 2016). The activity of the seeps has changed through
time and appears to have been at its maximum during the rela-
tively warm Bolling-Allered Interstadial (Sztybor & Rasmussen,
2016). The Greenland Sea Intermediate Water, with temperatures
about —0.9 °C, presently influences the benthic fauna in the area
(Aagaard, Swift & Carmack, 1985).

Within this cold-seep environment, fossil shells of large chemo-
symbiotic bivalves belonging to the two families Thyasiridae and
Vesicomyidae have been found in the seep-influenced deposits.
The vesicomyids, especially, are known to be associated with
methane seeps, hydrothermal vents and accumulations of organic
debris in deep water, where they obtain nutrients from sulphide-
oxidizing chemoautotrophic bacteria hosted in their gills (see
Barry & Kochevar, 1999 and references therein). The vesicomyid
fauna from the Vestnesa Ridge has previously been documented
by Ambrose ¢t al. (2015) and the species were then tentatively
identified as Isorropodon sp. and Phreagena s. L.

Here we describe and discuss the vesicomyid taxa retrieved in
marine sediment cores from the Arctic methane seeps at 1,197 m
water depth on Vestnesa Ridge off northwestern Spitsbergen
(Sztybor & Rasmussen, 2016), including a new species of the genus
Archivesica Dall, 1908. The environmental factors possibly control-
ling the distribution of these species in time and space are dis-
cussed. In addition, we briefly discuss the genus Archivesica in the
light of published phylogenetic studies on the family and evaluate
which species should be included in the genus.

MATERIAL AND METHODS

In June 2010, gravity core JM10-335GC was taken at Vestnesa
Ridge, eastern Fram Strait, during a cruise with RV Jan Mayen
(mow RV Helmer Hanssen) (79°00.173'N; 06°55.335'E; 1,197 m
water depth; Fig. 1). The core was taken from an active pockmark
from within a rising gas flare.

Density and magnetic susceptibility of the core were measured
before it was opened. After opening the core, the halves were
X-rayed, XRF-scanned and visually described. In the following,
one of the core halves was sampled for chemical investigations
(e.g. oxygen and carbon isotopes) and the study of the foramini-
feral assemblages, while the other half was stored as an archive.

The largest macrofossils were located and picked out during vi-
sual examination just after the core sections were split. At about
275 cm core depth, a main shell layer was visible on X-ray photo-
graphs. Smaller specimens were retrieved during sieving of 1-cm
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Figure 1. Map showing the known occurrences of Archivesica arctica n. sp. and Isorropodon nyeggaensis. 1 (star): Vestnesa Ridge; both species occur. 2 (triangle):
Gakkel Ridge adjacent to Laptev Sea; A. arctica occurs. 3 (dot): Nyegga seep area on Vering Plateau; type locality of 1. nyeggaensis. Enlargement of Vestnesa
seepage area shows cores from which both species were collected; star marks location of type core JM10-335GC. Bathymetry from IBCAO (Jakobsson ¢ al.,

2019).

thick sample slices for foraminiferal assemblage investigations (size
fraction >1 mm).

For a more detailed description of the core handling, methodolo-
gies, datings and age model of core JM10-335GC, see Sztybor &
Rasmussen (2016).

The studied vesicomyid molluscs, including the type specimens, are
deposited in the geological collections (I'SGF numbers) at the Tromse
University Museum, UiT—the Arctic University of Norway, Norway.
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Full citation of taxonomic authorities is provided in
Supplementary Material.

Abbreviations:

H, valve height

L, valve length

W, combined valve width

LV, left valve

RV, right valve
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SYSTEMATIC DESCRIPTIONS

Order Veneroida H. & A. Adams, 1856
Superfamily Glossoidea Gray, 1847
Family VESICOMYIDAE Dall & Simpson, 1901
Subfamily PLIOCARDIINAE Woodring, 1925

Genus Archivesica Dall, 1908

Archivesica Dall, 1908: 418 (type species by original designation
Callocardia gigas Dall, 1896; Recent, Gulf of California).

Phreagena Woodring, 1938: 50.

Akebiconcha Kuroda, 1943: 17.

Laubiericoncha Cosel & Olu, 2008: 931.

Remarks: The definition and number of species included in the
genus Archiwesica have changed since its description. Dall (1908)
originally erected Archivesica as a subgenus of Vesicomya Dall, 1886.
It was subsequently raised to genus level, with Akebiconcha Kuroda,
1943 as a subgenus, by Keen (1969). Bernard (1974) proposed
to synonymize Fctenagena Woodring, 1938 and Akebiconcha with
Archivesica as a subgenus of Calyptogena Dall, 1891, while Boss &
Turner (1980) as well as other authors (e.g. Barry et al., 1997,
Barry & Kochevar, 1999; Kojima, Fujikura & Okutani, 2004)
synonymized the genus with Calyplogena. Others, like Krylova &
Janssen (2006), Krylova & Sahling (2006) and Johnson et al. (2016),
maintained that until more was known about the molecular phyl-
ogeny, all the genera should be kept as independent of each other.
Amano & Kiel (2007) disagreed and argued, based on both morph-
ology of the hinge and available molecular studies, that Phreagena
Woodring, 1938 and Akebiconcha are synonyms of Archivesica, though
Johnson et al. (2016) argued that valid morphological differences
could most likely be found in the soft tissue. The synonymization of
the genera was later followed up by Amano & Suzuki (2010), who
added Laubiericoncha Cosel & Olu, 2008 as a synonym of Archivesica,
though no reason was given. Others, such as Okutani, Fujikura &
Kojima (2000) and Okutani e/ al. (2011), maintained that Archivesica
was a subgenus of Calyptogena, although Calyptogena was revised and
given a more restricted definition by Krylova & Sahling (2006).
Molecular studies have in the last two decades changed our under-
standing of the phylogenetic relationship within the family
Vesicomyidae (see Peck et al., 1997; Goflredi et al., 2003; Kojima
el al., 2004; Amano & Kiel, 2007; Okutani e al., 2009; Krylova &
Sahling, 2010; Okutani et al., 2011; Audzijonyte e al., 2012; Decker
et al., 2012; Martin & Goffredi, 2012; Krylova et al., 2015; Johnson
et al., 2016). These studies have revealed that a great deal of the mor-
phologically based genera are paraphyletic and need to be redefined.
In agreement with Amano & Suzuki (2010), Huber (2015)
recently argued, based on the available molecular phylogenetic stud-
ies, that the genera Akebiconcha and Laubiericoncha are junior synonyms
of Archwvesica. However, unlike those authors, he agreed with Krylova &
Janssen (2006) in keeping Phreagena as a valid genus, although includ-
ing only the fossil type species Phreagena lasia Woodring, 1938, while
transferring all the other species to Archivesica. Phreagena lasia, he
noted, lacked a pallial sinus and showed differences in shell texture
and hinge morphology. However, in their short redescription of
the holotype, Krylova & Janssen (2006) noted a shallow pallial sinus
as well as a subumbonal pit, both also typical for Archivesica. At pre-
sent, the most comprehensive studies of vesicomyid phylogeny are
those published by Audzijonyte ¢t al. (2012) and Johnson et al. (2016).
Their results, as well as those of Decker ¢ al. (2012), Martin &
Goflredi (2012), Valdes, Sellanes & D’Elia (2012) and Krylova et al.
(2015), support the notion that Laubiericoncha is paraphyletic within
the Archivesica/ Phreagena group, while Akebiconcha is placed at the outer
edge of the group. As Johnson e al. (2016) did not provide any
unambiguous morphological characteristics by which to distinguish
Archivesica from Phreagena, and we do not find that the four genera
Akebiconcha, Archwesica, Laubiericoncha and Phreagena are well separated
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from each other in the phylogenetic trees, we follow Amano &
Suzuki (2010) in placing Akebiconcha, Laubiericoncha and Phreagena as
junior synonyms of Archivesica. The sequenced Calyptogena species
form a strong clade, well separated both genetically and morpho-
logically from Archivesica (Krylova & Sahling, 2006; Audzijonyte et al.,
2012; Decker et al., 2012; Johnson et al., 2016). Morphologically,
they are distinguished by the absence of a pallial sinus, by having a
broad 3b tooth, a right nymphal ridge and by having only one demi-
branch (Krylova & Sahling, 2006; Amano & Kiel, 2007). Therefore,
we agree that there are strong arguments for keeping Archivesica an
independent genus. An extensive emended diagnosis for the genus
was given by Amano & Kiel (2007).

Recent species included: Callogomia angulata Dall, 1896; Vesicomya chuni
Jaeckel & Thiele in Thiele & Jaeckel, 1931; Calyptogena diagonalis
Barry & Kochevar, 1999; Calyptogena (Archivesica) edisonensis Okutani,
Kojima & Kim, 2004; Ectenagena extenta Krylova & Moskalev, 1996;
Calyptogena  (Archivesica)  fortunata  Okutani et al. 20115  Calyptogena
(Archivesica) garuda Okutani & Soh, 2005; Callocardia gigas Dall, 1896;
Akebiconcha kawamurar Kuroda, 1943 (syn. Calyptogena solidissima Okutani,
Hashinoto & Fujikura, 1992); Cabyptogena (Ectenagena) laubier: Okutani &
Meétivier, 1986; Cabyplogena (Archivesica) magnocultellus Okutani, Kojima &
Iwasaki, 2002; Laubiericoncha myriamae Cosel & Olu, 2008; Calyplogena
nankatensis Okutani, Kojima & Ashi, 1996; Archivesica nanshaensis Xu &
Shen, 1991; Cabyptogena (Ectenagena) nautilee Okutani & Métivier, 1986;
Archivesica ochotica Scarlato, 1981; Calyptogena okutami Kojima & Ohta,
1997; Calyptogena parkardana Barry et al., 1997; Laubiericoncha puertodeseador
Signorelli & Pastorino, 2015; Cabptogena similaris Okutani, Kojima &
Ashi, 1997; Calyptogena soyoae Okutani, 1957 (syn. Calyptogena (Archivesica)
kilmere Bernard, 1974); Akebiconcha soyoae ochotensis  Scarlato, 1981;
Vesicomya (Archwesica) suavis Dall, 1913; Calyptogena (Archivesica) tsubasa
Okutani, Fujikura & Kojima, 2000.

Fossil species included. Archwesica kannot Amano & Kiel, 2010 (Pliocene);
Phreagena lasia Woodring, 1938 (Pliocene); Archivesica marincovichi Kiel
& Amano, 2010 (Oligocene); Archivesica redwoodia Kiel & Amano,
2010 (Miocene); Archivesica sakoi Amano et al., 2014 (Miocene);
Archivesica shikamai Amano & Kiel, 2010 (Pliocene); ‘Calyptogena’ shireto-
kensis Uozumi in Uozumi & Ishikawa, 1967 (Miocene).

Species questionably included. Calyptogena bosoensis Kanie & Kuramochi,
2001 (Pliocene); Archivesica georgemoore: Amano & Kiel, 2007
(Oligocene?); Calyptogena gibbera Crickmay, 1929 (Pliocene-Pleistocene);
Archivesica knapptonensis Amano & Kiel, 2007 (U. Oligocene); Cabyptogena
nipponica Oinomikado & Kanehara, 1938 (Miocene-Pliocene).

Archivesica arctica n. sp.

(Figs 2-4; Table 1)

Archivesica sp.—Sirenko et al., 1995: fig. 8. Kim et al., 2006: fig. 5.

Phreagena s. [—Ambrose et al., 2015: fig. 6B (not 6A as stated in
figure text).

Vesicomyid bivalve—Sztybor & Rasmussen, 2016: fig. 3.

Type material: Holotype, LV, TSGF 18357, core depth 275-277 cmy;
paratype 1, RV, TSGF 18358, core depth 275-277 cm; paratype 2,
RV, TSGF 18359, core depth 270-273 cm; paratype 3, RV, TSGF
18360, core depth 275277 cm; paratype 4, LV, TSGF 18361, core
depth 275-277 cm; paratype 5, LV, TSGF 18362, core depth
278-279 cm; paratype 6, LV, TSGF 18363, core depth
277278 cm; paratype 7, RV, TSGF 18364, core depth 275277 cmy;
paratype 8, RV, TSGF 18365, core depth 281282 cm; paratype 9,
LV, TSGF 18366, core depth 275-277 cm. Type locality: core
JM10-335GC (79°00.173'N, 06°55.335'E, 1,197 m water depth,
270-282cm core depth), Vestnesa Ridge, Fram Strait, NW
Spitsbergen, Svalbard Archipelago.
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VESICOMYID BIVALVES FROM SVALBARD

Figure 2. Line drawings of the interiors of valves of Archivesica arctica n. sp. A. Holotype (T'SGF 18357), LV. B. Paratype 1 (I'SGF 18358), RV.
Abbreviations: aa, anterior adductor scar; Apr, anterior pedal retractor scar; lig, ligament; ny, nymph; pa, posterior adductor scar; pl, pallial line; ppr, posterior
pedal retractor scar; ps, pallial sinus; sp, subumbonal pit; 1, ventral cardinal tooth; 2a, anterior ramus of subumbonal cardinal tooth; 2b, posterior ramus of sub-
umbonal cardinal tooth; 3a, anterior ramus of subumbonal cardinal tooth; 3b, posterior ramus of subumbonal cardinal tooth; 4b, posterodorsal cardinal tooth.

escutcheon

Figure 3. Archivesica arctica n. sp. A=D. Holotype (T'SGF 18357), LV. A. Exterior. B. Interior. C. Dorsal view. D. Close up of hinge. Core JM10-335GC,
Vestnesa Ridge, Fram Strait, NW Spitsbergen, Svalbard Archipelago, 79°00.173'N, 06°55.335'E, water depth 1,197 m.

LooBank  registration: urn: lsid:zoobank.org:act:6A9D482D-7E65-
4592-8FE6-52EC84444129.

Etymology: Named after the Arctic region since, so far, it is the
only species that has been found in a wide part of the Arctic.

Diagnosis: Small, relatively thin-shelled Archivesica species normally
with escutcheon. L/H ratio of shell 1.68-1.95. Ventral margin
convex. Corner between dorsal and posterodorsal margin located
at about 12-18% L from posterior margin. 3a tooth normally as
large as other teeth. Pallial line subparallel to valve margin, with
small, but well-developed V-shaped sinus.

Description: Shell small, L up to 55.6mm (but see Remarks).
Holotype: L = 54.7mm, H = 28.0 mm. L/H of studied specimens
1.68-1.95. Shell slightly angulated oblong oval, moderately tumid,
relatively thin- to moderately thick-shelled. Anterior margin usu-
ally somewhat acutely rounded well above horizontal midline,
though below or at horizontal midline in smallest three specimens.
Anteroventral valve margin a gently rounded to nearly straight line
in ventroposterior direction, connecting to broadly rounded convex
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ventral margin. Posterior margin broadly tapering to a rounded cor-
ner at horizontal midline. Posterodorsal and dorsal margin separated
by weak corner 12-18% L from posterior margin. Posterior margin
a nearly strait line between umbo and posterodorsal corner. Umbo
shallow, with prosogyrous beak at anterior 2/7-1/4 L. Surface has
dense, irregular growth waves or ridges, becoming stronger distally.
Lunule absent. Narrow escutcheon present in 8 out of 10 specimens,
including holotype; escutcheon bordered by sharp ridge subparallel
to posterodorsal border. In remaining specimens, a superficial sulcus
bordered by a rounded, weak ridge reaching to posterodorsal corner
substitutes for a real escutcheon. External ligamental groove deep,
38-41% L. Ligament not preserved. Posterior ridge broadly rounded,
ending at posterior extremity. Flattened or slightly sulcate area between
dorsal and posterodorsal ridge. Periostracum not preserved. Hinge line
short, narrow, robust. LV with short, strong anterior ramus of subum-
bonal cardinal tooth (2a) at 45° to hinge axis from just below umbo. A
massive, triangular posterior ramus of subumbonal cardinal tooth (2b)
fused with, though still well defined from, 2a. Posterior ramus 2b
slightly inclined in posterior direction from umbo. Rami 2a and 2b of
equal length. Posteriorly to subumbonal cardinal teeth, laminar postero-
dorsal cardinal tooth (4b) develops just behind umbo, running straight
in ventroposterior direction. RV with strong laminar ventral cardinal
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Figure 4. Archivesica arctica n. sp. A-D. Paratype 1 (ISGF 18358), RV. A. Exterior. B. Interior. C. Dorsal view. D. Close up of hinge. E-G. Paratype 2 (TSGF
18359), RV. E. Exterior. F. Interior. G. Dorsal view. H. Paratype 3 (I'SGF 18360), RV interior. I-K. Paratype 4 (T'SGF 18361), LV. L. Exterior. J. Interior.
K. Dorsal view. L, M. Paratype 5 (TSGF 18362), LV. L. Exterior. M. Interior. N, O. Paratype 6 (TSGF 18363), LV. N. Exterior. O. Interior. P, Q, Paratype 7
(I'SGF 18364), RV. P. Exterior. Q, Interior. R, S. Paratype 8 (I'SGF 18365), RV. R. Exterior. S. Interior. T, U. Paratype 9 (ISGF 18366), LV. T. Exterior. U.
Interior. All specimens from core JM10-335GC, Vestnesa Ridge, Fram Strait, NW Spitshergen, Svalbard Archipelago, 79°00.173'N, 06°55.335'E, water depth 1,197 m.

tooth (1) starting directly below umbo, curving very gently in antero- following dorsal valve margin to umbo. Ramus 3a usually as large as
ventral direction, with axis at 45° angle to anterodorsal margin (80° in other teeth, but shows considerable variation. Posterior ramus (3b) of
one juvenile). Anterior ramus (3a) of subumbonal cardinal tooth usu- subumbonal cardinal tooth massive, bifid, starting in posterior direc-
ally robust, starts right above anterior end of ventral cardinal tooth, tion at umbo, running in crescentic or straight line in posteroventral
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Table 1. Measurements of specimens of Archivesica arctica n. sp.

VESICOMYID BIVALVES FROM SVALBARD

Specimen Core and depth Valve L, mm H, mm L/H Position of
posterodorsal corner
Holotype TSGF 18357 JM10-335GC 275-277 cm Lv 54.7 28.0 1.95 14% L
Paratype 1 TSGF 18358 JM10-335GC 275-277 cm RV 55.6 30.7 1.81 12% L
Paratype 2 TSGF 18359 JM10-335GC 270-273 cm RV 51.8 29.3 1.77 15% L
Paratype 3 TSGF 18360 JM10-335GC 275-277 cm RV 413 22 1.88 15% L
Paratype 4 TSGF 18361 JM10-335GC 275-277 cm Lv 325 17.9 1.82 14% L
Paratype 5 TSGF 18362 JM10-335GC 278-279 cm Lv 27.8 14.7 1.89 16% L
Paratype 6 TSGF 18363 JM10-335GC 277-278 cm LV 21.8 12.5 1.74 16% L
Paratype 7 TSGF 18364 JM10-335GC 275-277 cm RV 17.9 9.7 1.85 18% L
Paratype 8 TSGF 18365 JM10-335GC 281-282cm RV 15.7 9.2 1.71 17% L
Paratype 9 TSGF 18366 JM10-335GC 275-277 cm Lv 8.4 5 1.68 16% L

Position of posterodorsal corner is given in percent valve length (L) from posterior edge.

direction, meeting ventral edge of hinge line right angle, or 45° when
straight. Posterior division of 3b formed at wide posteroventral end
of tooth. Ramus 3a meeting with, but sharply defined from, 3b.
Ligament external, opisthodetic, short, on narrow but strong
nymphal plate. Lymphal ridge not developed. Subumbonal pit deep.
Weakly impressed to obscure pallial line runs subparallel to valve
edge, connects posteroventrally to anterior adductor scar, antero-
ventrally to posterior adductor scar. Pallial sinus short but well
developed, V-shaped, acute, generally pointing to umbo or more in
direction of anterior adductor scar. Anterior pedal retractor scar
deep, separated from anterior adductor scar. Anterior adductor
scar moderately impressed, with rounded subtriangular to egg-
shaped outline. Posterior pedal retractor scar weakly impressed,
united with equally weakly impressed posterior adductor scar.
Inside of valves show very faint radiating lines. Valves whitish.

Distribution: Methane seep deposits on Vestnesa Ridge in the
Fram Strait off NW Spitsbergen, Svalbard Archipelago. Ambrose
et al. (2015) reported the species from the cores HH-13-203
GCO09 (79°00.143977'N, 06°55.683059'E, 1,210 m water depth,
242-250 cm core depth) and HH-13-211 GC16 (79°01.86696'N,
06°49.850833'E, 1,202 m water depth, 408-415cm core depth).
Sztybor & Rasmussen (2016) additionally reported the species from
core HH12-929GC (79°00.220'N, 06°56.007'E, 1,211 m water depth,
110-240 cm core depth). The specimens are dated to ¢. 16,400-14,800
calibrated YBP according to Sztybor & Rasmussen (2016).

Methane seep deposits on Gakkel Ridge, Arctic Ocean Stn 50/
1993 (trawl between 77°41.4'N, 125°55.1'E and 77°41.1'N,
125°54.2'E, water depth 1,992-1,993 m) (Sirenko et al., 1995) and
core PS2720-7 in the Laptev Sea (77°46.098'N, 126°7.296'E,
water depth 2,054 m) (Rachor, 1997). The Gakkel Ridge speci-
mens were dated to 15,700 YBP (Kim ez al., 2006).

Remarks: Based on its convex ventral margin, A. arctica n. sp. can be
distinguished from all of these species: A.? bosoensis, A. diagonalis, A. exten-
ta, A. garuda, A.? gibbera, A.? knapptonensis, A. lasia, A. magnocultellus, A. nan-
kawensis, A. nautiler, A.? mipponica, A. ochotensis, A. okutanii, A. shikamar, A.
shiretokensis, A. similaris and A. tsubasa. 'The new species has a 3a tooth as
strongly developed as the other teeth, which distinguishes it from the
species: A. edisonensis, A. fortunata, A. kannor, A. kawamwai, A. marincovicht,
A. ochotica, A. parkardana, A. redwoodia, A. sakoi and A. soyoae. Among the
nine remaining species, the total absence of an escutcheon excludes 4.
angulata, A. chuni, A. myriamae, A. nanshaensis, A. puertodeseador and A. suavis.
Of these, A. puertodeseadoi and A. chuni are very similar in outline to
A. arctica n. sp. Archivesica puertodeseador can further be distinguished by a
gently convex posterodorsal margin, a more prominent cardinal 1 and
a pallial line that is not parallel to the valve margin. Archivesica chuni can
additionally be distinguished by the position of the posterodorsal valve
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corner, located about 19% L from the posteriormost valve margin, the
less acute anterior margin, much shorter ligamental groove and the
larger size (L up to 120 mm). Archivesica? georgemoorei from the Oligocene
of Alaska can be distinguished from the new species by an L/H ratio
varying between 1.13 and 1.31. It is also moderately inflated, with car-
dinal 1 located well in front of 3b. It is unknown if the species has a
pallial sinus. Archivesica gigas from the Gulf of California is distinguished
from the new species by the markedly shorter ligamental groove, short-
er and concave pallial sinus, the shallow anterior pedal retractor scar,
the more tumid and subquadrate shell, the evenly rounded posterior
margin and the corner between the dorsal and posterodorsal margin is
located at about 37% L. Archwesica laubier: from Japan differs from the
new species by larger size, having a rather rounded pallial sinus, a pal-
lial line running obliquely to the valve margin, a very short 3a tooth
and ligamental groove, and by well-impressed muscle scars.

Archwesica arctica . sp. was previously documented and figured from
Vestnesa Ridge by Ambrose ¢t al. (2015) under the name Phieagena s. L.
It was also reported by Sztybor & Rasmussen (2016) as ‘vesicomyid
bivalve’ in their study on the present core JM10-335GC.

Sirenko et al. (1995) and Kim et al. (2006) mentioned the occur-
rence of an Archivesica from a trawl sample taken at 1,992-1,993 m
depth at the southeastern end of the Gakkel Ridge (77°41'N,
125°55'E), north of Russia. Based on the illustrations of the spe-
cies (all exterior views), this species is identical to A. arctica n. sp.
we describe from Svalbard. The largest Gakkel Ridge specimen
was 68 mm L (Rachor, 1997; Kim et al, 2006) and thus larger
than the largest specimen from Svalbard. The illustrated specimens
are filled by carbonate concretions so the interiors are hidden. The
same species was apparently also encountered in core PS2720-7 at
2,054 m water depth in the Laptev Sea at 77°46.098'N, 126°7.296'E
according to Rachor (1997). This gives the species a known depth
range between 1,197 and 2,054 m, which is a moderately deep range
for the genus according to Krylova & Sahling (2010), even when tak-
ing into account that the global sea level was about 110 m lower at
that time (Fairbanks, 1989).

Genus Isorropodon Sturany, 1896

Isorropodon Sturany, 1896 (type species Isorropodon perplexum Sturany,
1896).

Isorropodon nyeggaensis Krylova in Krylova et al.,

2011
(Fig. 5; Table 2)

Isorropodon nyeggaensis Krylova in Krylova et al., 2011: 1139-1142,
figs 57 (locality 10, 64°40.826'N, 05°15.710’E, 720 m water
depth, Vering Plateau, Norwegian Sea).
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Isorropodon sp.—Ambrose el al., 2015: fig. 6A (not 6B as stated in
figure text).

Material: 'TSGF 18367, LV (278-279cm core depth); TSGF
18368, LV (278-279cm core depth); TSGF 18369, RV
(278279 cm core depth); TSGF 18370, LV (270273 cm core
depth); TSGF 18371, LV (278-279 cm core depth); TSGF 18372,
LV (278-279cm core depth); TSGF 18373, entire shell
(270-273 cm core depth); TSGF 18374, RV (278-279 cm core
depth); TSGF 18375, RV (281-282 cm core depth); TSGF 18376,
LV (281-282cm core depth). All from core JM10-335GC
(79°00.173'N, 06°55.335’E, water depth 1,197 m, 270-282 cm

below present sediment surface).

Diagnosis: Isorropodon species up to 21 mm long. Elongate to ellip-
tical. L/H 1.24-1.56. W/L 0.20-0.26. Ventral margin gently con-
vex to nearly strait. Glossy transparent light brown periostracum.
Shallow escutcheon. Slight lunular incision. Umbo situated in
anterior 30-35% of valve. Prosogyrate beaks. Stout nymph.
Fibrous layer of ligament occupying 20-27% L and 61-79% of
posterior lamellar layer.

Distribution: Methane seep deposits on Vestnesa Ridge in the Fram
Strait, NW Spitsbergen, Svalbard Archipelago. Ambrose ¢t al. (2015)
additionally reported the species from cores HH-13-203 GCO09
(79°00.143977'N, 06°55.683059'E, 1,210 m water depth, 241-250 cm
core depth) and HH-13-211 GC16 (79°01.86696'N, 06°49.850833'E,
1,202 m water depth, 421426 cm core depth). Methane seep depo-
sits in the Nyegga seep area at 715-732m water depth on the
Voring Plateau in the Norwegian Sea (Krylova et al., 2011).

Remarks: Since L of the type specimens is 12.7-18.3 mm, the ten
specimens from Vestnesa Ridge are smaller (2.8-11.1 mm). They
also have a slightly smaller umbo and a slightly more acute poste-
rior margin. However, the ten specimens show some variability in
shape. Besides the natural variability of individuals, it also seems
that some of the variability is size-related. Hence, we do not find
reason to believe they are two different species.

The species was previously documented and illustrated by
Ambrose et al. (2015). Their specimens originated from two cold
seep-influenced cores, located close to our core location on the
Vestnesa Ridge, and were identified as Isorropodon sp. Its appearance
on Vestnesa Ridge shows that the species lived as far north as the
Fram Strait and has a depth range from 715-1,210m (not taking
into account the influence of the eustasy and isostasy in the region).

DISCUSSION

The Vestnesa Ridge Archivesica and Isorropodon species discussed
here are, according to Krylova et al. (2011), the northernmost
reported vesicomyids. Since 4. arctica n. sp. also lived at the
Gakkel Ridge, north of Russia, it seems to have been a truly
Arctic species. So far, the species is only represented by fossil
valves. At Gakkel Ridge, the specimens were dated to an age of
15,700 YBP (Kim ez al., 2006). This is very close to the age range
of the Vestnesa Ridge specimens, which Ambrose et al. (2015)
dated to ¢ 17,707-16,680 calibrated YBP and Sztybor &
Rasmussen (2016) to between 18,197 + 189 and 17,789 + 182

Table 2. Measurements of specimens of Isorropodon nyeggaensis Krylova in
Krylova et al. 2011.

Specimen Core and depth Valve L,mm H,mm LH

TSGF 18367 JM10-335GC 278-279cm LV 11.1 7.3 1.52
TSGF 18368 JM10-335GC 278-279cm LV 7.2 47 1.53
TSGF 18369 JM10-335GC 278-279cm RV 6.9 4.6 1.50
TSGF 18370 JM10-335GC 270-273cm LV 6.3 41 1.54
TSGF 18371 JM10-335GC 278-279cm LV 5.4 3.8 1.42
TSGF 18372 JM10-335GC 278-279cm LV 4.9 3.2 1.53
TSGF 18373 JM10-335GC 270-273cm LV +RV 4.8 3.3 1.45
TSGF 18374 JM10-335GC 278-279cm RV 4.0 2.8 1.43
TSGF 18375 JM10-335GC 281-282cm RV 3.2 2.4 1.36
TSGF 18376 JM10-335GC 281-282cm LV 2.8 2.3 1.24

cal. YBP. However, Sztybor & Rasmussen (2016) found that the
age of the pelagic foraminifera, used for dating, was too old and
that the bivalve specimens at Vestnesa Ridge in reality are
between 16,400 and 14,800 cal. YBP. This problem in dating is
possibly due to the fact that the foraminiferal tests had overgrowth
caused by the methane seep activity. Hence, at both places vesico-
myids lived when the last, cold Heinrich Event (H1) took hold of
the region and led to perennial ice cover as far south as the Faroe
Islands (Hoft et al., 2016; Sztybor & Rasmussen, 2016). In the
North Atlantic, Nordic seas and Arctic Ocean, this event took
place within the time interval ¢. 18,000-15,000 YBP (Bond ¢t al.,
1993; Fronval et al, 1995; Cronin et al., 2012). Sztybor &
Rasmussen (2016) also found that the activity of the methane
release increased at about that time, but that the vesicomyids dis-
appeared again before the emission decreased. Vesicomyids as a
family are most abundant at low latitudes between 30°S and
30°N, becoming progressively more sporadic towards the poles
and nearly absent at latitudes higher than 60° (Krylova & Sahling,
2010). We take this as indication that they prefer relatively
warmer bottom-water conditions, even though the report of living
probable vesicomyids at the Larsen Ice Shelf in Antarctica by
Domack et al. (2005) indicates that at least one species has deve-
loped tolerance to cold environments. However, that study lacked
both a taxonomic identification of the clams and a temperature
profile for the bottom water. Despite the very cold surface condi-
tions during the Heinrich event HI, the bottom-water tempera-
tures increased due to northward advection of Atlantic water as a
subsurface current below the meltwater layer (Birgel & Hass,
2004; Rasmussen & Thomsen, 2004; Rasmussen et al., 2007; Ezat,
Rasmussen & Groeneveld, 2014). The increase of about 2 °C in
bottom-water temperatures at nearly 1,500m water depth
(Rasmussen et al., 2007) seemingly made it possible for the vesico-
myids to settle in the Arctic for a short period. Thus, the current
low bottom-water temperature at Vestnesa of about —1 °C could
explain why no living specimens have been collected in the Arctic
despite active methane release in the region. In addition, the type
locality of I nyeggaensis at Nyegga in the Norwegian Sea, which is
the third northernmost known occurrence of vesicomyids (Krylova
et al., 2011), has only revealed dead specimens. Unfortunately,
these have not been dated and we therefore cannot say if they are
as old as the Arctic specimens. There the bottom-water tempera-
ture is presently about —0.7 °C (Hovland & Svensen, 2006), which

Figure 5. Isorropodon nyeggaensis Krylova in Krylova et al. (2011). A, B. TSGF 18367, LV. A. Exterior. B. Interior. G, D. TSGF 18368, LV. C. Exterior.
D. Interior. E, F. TSGF 18369, RV. E. Exterior. F. Interior. G-I. TSGF 18370, LV. G. Exterior. H. Interior. I. Dorsal view. J, K. TSGF 18371, LV. J.
Exterior. K. Interior. L, M. TSGF 18372, LV. L. Exterior. M. Interior. N-R. TSGF 18373, complete specimen. N. Exterior, LV. O. Interior, LV. P.
Dorsal view, LV. Q. Exterior, RV. R. Interior, RV. §, T. TSGF 18374, RV. 8. Exterior. T. Interior. U, V. TSGF 18375, RV. U. Exterior. V. Interior.
W, X. TSGF 18376, LV. W. Exterior. X. Interior. All specimens from core JM10-335GC, Vestnesa Ridge, Fram Strait, NW Spitsbergen, Svalbard

Archipelago, 79°00.173'N, 06°55.335'E, water depth 1,197 m.

¥20z IMdy g1 uo 3senb Aq 29£001£/022/€/€8/21011E/SN||0W/W0d dno-olWwapede//:sdRy Wwoly papeojumoq



J- HANSEN ET AL.

is in accordance with the hypothesis of temperature as the limiting
factor in the distribution of vesicomyid bivalves at high latitudes.

SUPPLEMENTARY MATERIAL

Supplementary material is available at journal of Molluscan Studies
online.
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