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Abstract: Rissoid gastropods collected during the sampling program, Research on Deep-sea 
Fauna of the Sea of Japan , carried out by the Department of Zoology, National Museum of Nature 
and Science, in 2009–2013, from bathyal depths (deeper than 200 m), were studied taxonomically, 
and classified into eight species, including five that are new: Frigidoalvania tanseimaruae n. sp., 
Punctulum soyomaruae n. sp., P. tanshumaruae n. sp., Alvania nihonkaiensis n. sp. and A. yamatoen-
sis n. sp. Voucher material of previous records at the bathyal depths in the Sea of Japan were also 
examined, resulting in the recognition of three additional species. Distributions of these species in 
areas other than the Sea of Japan were also mapped, based on material deposited in the National 
Museum of Nature and Science, and one additional new species from off the Pacific coast of north-
eastern Honshu is described, Punctulum sanrikuense n. sp., which is closely related to, and probably 
represents a counterpart of P. soyomaruae n. sp. in the Sea of Japan. Distributions and speciations of 
these species are briefly discussed with regard to the geological history of the Sea of Japan.

Key words: Rissoidae, bathyal, Sea of Japan, taxonomy, new species.

Introduction

The Rissoidae is a family of small to minute gastropods that are abundant in seas throughout 
the world from intertidal to bathyal and abyssal depths. Because of their size and considerable 
convergence in shell characters, they have proved to be very difficult to classify, both at species 
and supraspecific levels (Ponder, 1985). Although shallow-water species of this and similar-look-
ing families are relatively well surveyed in some areas, such as the northern Atlantic and Medi-
terranean (e.g., Nordsieck, 1972), Australasia (e.g., Laseron, 1956; Ponder, 1967), southwestern 
South America (Ponder and Worsfold, 1994) and the Antarctic ocean (e.g., Ponder, 1983), no 
comprehensive studies have been carried out in the Indo-West Pacific, which is known to have 
the richest biodiversity of all world oceans. Furthermore, there have been only a few studies that 
treat deep-water species outside the Northeast Atlantic (Warén, 1973, 1974; Bouchet and Warén, 
1993; Gofas, 2007) and the Antarctic and Sub-Antarctic (Ponder, 1983). Although more than 120 
rissoid species have been recorded in Japanese waters (Higo et al., 1999), only three had been 
reported from bathyal depths (i.e., deeper than 200 m) by the end of the last century. Several 
additional species have been recorded in the last few decades from Japanese and adjacent waters 
(Table 1), especially in Russian waters, though most of them were described based on only a few 
specimens and some were unnamed. In the Sea of Japan, eight species in total have been 
recorded at bathyal depths to date (Appendix).

The Sea of Japan is a semi-closed marginal sea of the northwestern Pacific surrounded by a 
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part of the Japanese Archipelago (Honshu and Hokkaido), eastern Korea, Russia and Sakhalin. It 
is separated from adjacent seas by narrow straits, which are all shallower than 150 m (Fig. 51) 
and function as geographical barriers. This geographical isolation has resulted in the formation of 
an independent bathyal circulation system, and a uniform endemic water body below ca. 300 m 
in the Sea of Japan that is characterized by low temperature and rich dissolved oxygen content. 
Together with its peculiar geological history, as described in more detail in the discussion part, 
the Sea of Japan can provide a good model to examine genetic separation and speciation of deep-
sea animals (Kojima et al., 2001).

The molluscan fauna of the continental shelf and bathyal zone in the Sea of Japan has been 
surveyed to some extent since the middle of the 19th century. In 1859, HMS Acteon carried out 
dredging for the first time at several places on the continental shelf in the Sea of Japan, with the 
most productive station located off Mino Sima [= Mishima Island, Yamaguchi Prefecture, the 
western Sea of Japan] at a depth of 63 fathoms [= 115 m], where 183 molluscs were recorded in 
total including 163 new species (Tsuchida and Hori, 1996). Those new species were described in 
a series of short papers by the English conchologist Arthur Adams, but the descriptions were 
inadequate in detail, and accompanied by neither measurements nor illustrations. Furthermore, a 
type was not designated for each taxon, and the voucher material (possible syntypes) is scattered 
through many institutions or even lost (Ponder and Keyzer, 1992), making it difficult to clarify 
the identifications of many nominal taxa. In 1906, the USS Albatross visited Japan to survey fish-
eries resources, and carried out bottom trawls at 74 stations in the Sea of Japan alone, in a depth 
range of 44–846 m. At least 18 new molluscan species, mostly buccinids and turrids (s.l.), were 
described from the Sea of Japan based on the material (e.g., Dall, 1919; Bartch, 1941), but most 
other groups remain unstudied to date. During the years 1923–1930, a project entitled Survey of 
the continental shelf bordering Japan  was carried out by the Imperial Fisheries Experimental 
Station using the S/S Soyo-Maru, and 184 stations were set in the Sea of Japan down to a depth 
of 406 m (Horikoshi et al., 1982). This was the first comprehensive deep-sea survey by a Japa-
nese institute, but except for a few groups (e.g., cephalaspideans: Habe, 1954) most of the mate-
rial was unfortunately scattered and lost before it could be studied in detail. The first comprehen-
sive faunal reports on the molluscs of the continental shelf and upper bathyal zone was published 
as a series of papers by K. Ito (Ito, 1985, 1989, 1990; Ito et al., 1986), based mainly on material 
collected during ecological and resource surveys focusing on the queen crab, Chionoecetes 
opilio, down to a depth of ca. 300 m, reflecting the vertical distribution of the crab. Ito illustrated 
most of the recovered species, but small to minute species were mostly left unidentified to the 
species level, or rather tentatively identified by putting cf.  before species name. More recently, 
Tsuchida and Hayashi (1994) published a brief report on lower-sublittoral and bathyal molluscs 
collected from the western area of the Sea of Japan, and recorded 38 molluscs, including 26 gas-
tropods from the bathyal zone, in a depth range of 255–1233 m, but it contains few minute spe-
cies, probably due to the sampling method. There are no other published records on bathyal mol-
luscs, especially those from deeper than 1000 m, except for commercially important buccinids 
(e.g., Kato, 1979). Apart from these records from the Japanese coasts, some bathyal molluscs 
have been recorded by Russian authors from northern part of the Sea of Japan, such as in Peter 
the Great Bay and off Primorsky Krai (e.g., Golikov and Sirenko, 1998). Although most of these 
species were recorded only as names or sometimes rough line drawings, a part of the voucher 
material was subsequently illustrated in color photographs by Kantor and Sysoev (2006), making 
it possible to reconsider their identifications.

The Department of Zoology of the National Museum of Nature and Science has been carry-
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ing out a deep-sea sampling program since 1993, and it focused on the Sea of Japan during its 
fifth period in 2009–2013, under the title Research on Deep-sea Fauna of the Sea of Japan , in 
cooperation with the Japan Sea Regional Research Institute of the National Fisheries Agency 
(NFA). Several research vessels were used, as described in the material and methods section, and 
trawling and dredging were carried out at more than 500 stations (Fig. 1). A large number of gas-
tropod specimens were obtained, and are currently being studied taxonomically by the present 

Fig. 1. A map showing all the sampling stations in the present project, with major place names that are men-
tioned in the text. Circles, the T/S Tanshu-maru (otter trawls; 132 stations); triangles, the T/S Tanshu-maru 
(large dredges; 249 stations); asterisks, the R/V Mizuho-maru (dredges; 31 stations); squares, the R/V Tansei-
maru (beam-trawls and dredges; 53 stations); rhombuses, the R/V Soyo-maru (benthos nets, traps and 
dredges; 44 stations).
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author. In the present paper, rissoid gastropods that occurred at bathyal depths (deeper than 
200 m) are treated in detail. In order to clarify the geographical distributions of these species, 
additional material obtained from off the Pacific coasts during other projects and independent 
cruises was also examined. Species that did not occur in the Sea of Japan are not treated, with the 
sole exception of a species that is exclusively distributed off the Sanriku region on the Pacific 
coast of northeastern Honshu, because it is considered to be closely related to a species in the Sea 
of Japan.

Materials and Methods

The main body of the material examined in the present study was collected during the sam-
pling program, Research on Deep-sea Fauna of the Sea of Japan , carried out by the Department 
of Zoology, National Museum of Nature and Science, in 2009–2013. The following research and 
training vessels and gears were used at 509 stations in total, in a depth range of 53–2381 m (Fig. 
1): the T/V Tanshu-maru of Kasumi High School, Hyogo Prefecture (Pref.), with large dredges 
(Hirose et al., 2006), and otter trawls; the R/V Tansei-maru of the Japan Agency for Marine-
Earth Science and Technology (JAMSTEC), with 3 m ORE-type beam trawls and 1 m biological 
dredges; the R/V Mizuho-maru of the Fisheries Research Agency (FRA), with 1 m biological 
dredges, and the R/V Soyo-maru of the FRA, with larger beam trawls (benthos nets) and crab 
cages. More than 660 rissoid specimens in 118 lots, including juveniles and empty shells, were 
obtained from the Sea of Japan in the bathyal zone (deeper than 200 m), at 72 positive stations 
within a range of 200–1894 m (Table 2), and they were identified to the species level. Additional 
rissoid material collected from other areas in the Japanese waters during other sampling pro-
grams and research expeditions, and preserved in the National Museum of Nature and Science, 
was also examined for comparison (Table 3).

Type and voucher materials of previous studies were examined at the Zoological Institute, 
Russian Academy of Science, Sankt-Petersburg, at the Ryotsu Kyodo Hakubutsukan [Ryotsu 
Folk Museum], Sado, Niigata, and the University Museum, the University of Tokyo. Part of the 
unsorted material collected from the Sea of Japan by the R/V Vityaz of the Institute of Oceanol-
ogy, Russian Academy of Science, Moscow, was also examined.

Specimens were primarily examined and classified into superficially distinguishable provi-
sional groups under stereomicroscopes, and selected representative specimens were photo-
graphed with a digital camera, Nikon D300, attached to either a stereomicroscope, Leica M420, 
or ordinary interchangeable lenses such as MicroNikkor 60 mm and reversely attached Nikkor 
20 mm with or without several extension rings. Generally at least 10 shots of gradually changing 
focus were taken and combined with the aid of the focus stacking software CombineZP. All the 
combined images were processed with Adobe Photoshop. Measurements of shells were made on 
the digital images, and the number of protoconch whorls was counted following Warén (1974: 
fig. 2) based either on digital images or sketches.

For preparation of radula, at least two examples of each species and phenotype were dis-
sected under a stereomicroscope. After examination of gross external anatomy, such as the head-
foot parts and mantle organs, including external parts of the reproductive system, the buccal 
mass was removed and dissolved in 10-times diluted bleach, Kitchen Haiter, Kao Co., according 
to the method described by Hasegawa (1995). It is noticeable that all the larger examples of all 
species, with the sole exception of Alvania yamatonensis n. sp., turned out to be female, and 
most of the smaller mature specimens were male, suggesting a general tendency to sexual dimor-
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Table 2. Positive stations of R/V Tansei-maru (KT), R/V Mizuho-maru (MZ), R/V Soyo-maru (SO) and T/S Tanshu-
maru (TS) cruises in the Sea of Japan. Abbreviations: BN, benthos net; BT, ORE-type 3 m beam trawl; BT , 
2 m beam trawl; DG, 1 m biological dredge; BZ, large dredge.

St. no. Date Gear Position in Position out
Depth  
(m)

Bottom Temp 
(°C)

Region

KT-10-08 Es2 26/05/2010 BT 42°05.07′N, 139°36.40′E 42°03.13′N, 139°36.76′E  670–671 NA Off Esahi
KT-10-08 Es3 26/05/2010 BT 42°03.89′N, 139°40.79′E 42°01.71′N, 139°39.68′E  839–821 NA Off Esahi
KT-10-08 R2 23/05/2010 BT 45°27.25′N, 140°20.90′E 45°26.15′N, 140°21.94′E  402–393 NA Off Reibun Island
KT-10-08 R3 23/05/2010 BT 45°27.21′N, 140°06.48′E 45°26.09′N, 140°08.45′E  615–594 NA Off Reibun Island
KT-10-08 T1 21/05/2010 BT 40°53.90′N, 140°00.04′E 40°53.28′N, 139°58.62′E  350–315 NA Off Tsugaru Strait
KT-10-08 T2 21/05/2010 BT 40°55.81′N, 139°54.84′E 40°53.96′N, 139°53.88′E  679–715 NA Off Tsugaru Strait
KT-10-08 T3 21/05/2010 BT 40°57.96′N, 139°53.01′E 40°58.86′N, 139°52.87′E  851–839 NA Off Tsugaru Strait
KT-11-9 E1 29/05/2011 BT 41°52.01′N, 139°33.90′E 41°52.94′N, 139°34.33′E  220–247 NA Off Esashi
KT-11-9 E2 29/05/2011 BT 41°50.26′N, 139°34.03′E 41°48.70′N, 139°34.18′E  388–538 NA Off Esashi
KT-11-9 E3 29/05/2011 BT 41°47.46′N, 139°34.49′E 41°48.96′N, 139°34.88′E  563–635 NA Off Esashi
KT-11-9 E4 29/05/2011 BT 42°03.91′N, 139°40.11′E 42°03.38′N, 139°39.98′E  787–854 NA E off Okushiri Island
KT-11-9 K2 03/06/2011 BT 35°46.11′N, 134°30.94′E 35°46.57′N, 134°32.09′E  203–205 NA Off Kasumi
KT-11-9 K3 02/06/2011 BT 35°54.85′N, 134°18.60′E 35°55.17′N, 134°20.08′E  370–411 NA Off Kasumi
KT-11-9 K4 02/06/2011 BT 35°59.92′N, 134°20.58′E 35°59.61′N, 134°18.82′E  603–613 NA Off Kasumi
KT-11-9 K5 02/06/2011 BT 36°22.25′N, 134°23.61′E 36°20.18′N, 134°22.84′E 1277–1290 NA Off Kasumi
KT-11-9 M2 28/05/2011 BT 44°40.48′N, 140°02.38′E 44°39.53′N, 140°02.83′E  198–206 NA Musashi Bank
KT-11-9 M3 28/05/2011 BT 44°37.21′N, 139°56.68′E 44°36.29′N, 139°57.82′E  407–413 NA Musashi Bank
KT-11-9 M6 28/05/2011 BT 44°16.68′N, 139°36.85′E 44°14.25′N, 139°37.25′E 1421–1465 NA Musashi Bank
KT-11-9 N3 01/06/2011 BT 38°03.25′N, 136°53.39′E 38°03.82′N, 136°55.13′E  402–414 NA N off Noto Peninsula
KT-11-9 N4 01/06/2011 BT 38°08.04′N, 136°49.64′E 38°09.00′N, 136°51.20′E  603–622 NA N off Noto Peninsula
KT-11-9 T2 31/05/2011 BT 37°28.77′N, 137°29.07′E 37°29.53′N, 137°28.63′E  207–258 NA Toyama Bay
KT-11-9 T3 31/05/2011 BT 37°29.18′N, 137°33.25′E 37°29.35′N, 137°31.96′E  383–460 NA Toyama Bay
KT-11-9 T4 01/06/2011 BT 37°19.80′N, 137°33.38′E 37°20.02′N, 137°34.20′E  561–583 NA Toyama Bay
KT-11-9 T5 01/06/2011 BT 37°18.45′N, 137°31.77′E 37°18.66′N, 137°32.85′E  790–808 NA Toyama Bay
KT-11-9 T6 01/06/2011 BT 37°28.29′N, 137°45.89′E 37°26.70′N, 137°44.59′E 1410–1564 NA Toyama Bay
MZ10–03 19/09/2010 BT′ 38°58.09′N, 139°32.51′E 38°58.35′N, 139°32.70′E  182–185 4.34 Off Sakata
SO07-C2-B 21/07/2007 BN 39°54.60′N, 136°07.80′E 39°56.90′N, 136°07.00′E 1360–1341 NA N of Yamato Bank
SO07-C4-B1 25/07/2007 BN 43°00.40′N, 139°57.20′E 43°00.70′N, 140°00.40′E 1607–1369 NA Off Iwanai
SO07-C4-B2 25/07/2007 BN 42°53.70′N, 139°59.40′E 42°54.20′N, 140°02.00′E  843–760 NA Off Iwanai
SO08-C3-B 25/07/2008 BN 38°56.40′N, 133°36.50′E 38°58.60′N, 133°35.60′E 1768–1696 NA Yamato Bank
SO08-D3-1 30/07/2008 DG 36°57.90′N, 133°27.60′E 36°58.20′N, 133°26.80′E  368–NA NA Sanban-se, Oki Islands
SO08-D3-2 30/07/2008 DG 36°58.20′N, 133°26.70′E 36°58.10′N, 133°26.90′E  369–NA NA Sanban-se, Oki Islands
TS09-BZ200 29/06/2009 BZ 35°01.31′N, 132°02.85′E 35°01.44′N, 132°21.60′E  200–200 NA W off Oki Islands
TS09-BZ250 26/06/2009 BZ 35°44.53′N, 132°16.58′E 35°44.43′N, 132°16.25′E  250–251 NA W off Oki Islands
TS09-OW08 24/08/2009 BZ 35°57.96′N, 132°13.50′E 35°58.17′N, 132°13.53′  897–908 0.36 W off Oki Islands
TS09-OW09 24/08/2009 BZ 35°58.93′N, 132°12.28′E 35°59.06′N, 132°12.83′E  997–1001 0.35 W off Oki Islands
TS09-OW11 24/08/2009 BZ 36°05.30′N, 132°13.78′E 36°05.48′N, 132°14.31′E 1204–1204 0.31 W off Oki Islands
TS09-OW28 26/08/2009 BZ 36°12.59′N, 132°34.97′E 36°12.16′N, 132°34.89′E  601–598 0.39 W off Oki Islands
TS09-OW29 26/08/2009 BZ 36°12.48′N, 132°33.60′E 36°12.50′N, 132°33.52′E  697–702 0.38 W off Oki Islands
TS09-OW30 26/08/2009 BZ 36°08.72′N, 132°33.77′E 36°08.48′N, 132°33.44′E  796–796 0.45 W off Oki Islands
TS09-OW30 26/08/2009 BZ 36°08.72′N, 132°33.77′E 36°08.48′N, 132°33.44′E  796–796 0.45 W off Oki Islands
TS09-OW30 26/08/2009 BZ 36°08.72′N, 132°33.77′E 36°08.48′N, 132°33.44′E  796–796 0.45 W off Oki Islands
TS09-OW31 26/08/2009 BZ 36°07.19′N, 132°29.53′E 36°07.00′N, 132°29.60′E  888–900 0.36 W off Oki Islands
TS09-OW33 25/08/2009 BZ 36°13.58′N, 132°26.30′E 36°13.19′N, 132°26.53′E 1090–1082 0.31 W off Oki Islands
TS09-OW34 25/08/2009 BZ 36°08.64′N, 132°19.53′E 36°08.85′N, 132°20.01′E 1200–1190 0.30 W off Oki Islands
TS09-OW37 25/08/2009 BZ 36°22.52′N, 132°11.64′E 36°22.97′N, 132°11.79′E 1500–1497 0.28 W off Oki Islands
TS09-OW38 26/08/2009 BZ 36°16.25′N, 132°36.27′E 36°15.76′N, 132°36.12′E  600–604 0.40 W off Oki Islands
TS09-OW39 26/08/2009 BZ 36°16.45′N, 132°35.15′E 36°16.08′N, 132°35.02′E  702–704 0.36 W off Oki Islands
TS09-OW40 28/08/2009 BZ 36°14.40′N, 132°32.72′E 36°13.70′N, 132°32.44′E  795–800 0.42 W off Oki Islands
TS09-OW41 28/08/2009 BZ 36°13.40′N, 132°30.78′E 36°13.66′N, 132°31.25′E  885–870 0.35 W off Oki Islands
TS09-OW43 27/08/2009 BZ 36°18.10′N, 132°26.43′E 36°17.72′N, 132°26.15′E 1097–1090 0.32 W off Oki Islands
TS09-OW47 27/08/2009 BZ 36°27.23′N, 132°14.29′E 36°27.71′N, 132°14.61′E 1504–1497 0.28 W off Oki Islands
TS09-ZY18 29/6/2009 BZ 35°43.23′N, 132°16.32′E 35°43.10′N, 132°16.49′E  237–235 0.32 W off Oki Islands
TS09-ZY33 29/06/2009 BZ 35°51.96′N, 132°09.33′E 35°52.25′N, 132°01.30′E  445–460 NA W off Oki Islands
TS10-AK07 09/09/2010 BZ 39°55.70′N, 139°30.48′E 39°55.17′N, 139°30.51′E  793–823 0.30 Oga Peninsula
TS10-AK10 06/09/2010 BZ 39°55.35′N, 139°29.15′E 39°54.83′N, 139°29.00′E 1104–1102 0.32 Oga Peninsula
TS10-AK15 07/09/2010 BZ 40°07.57′N, 139°21.11′E 40°07.21′N, 139°21.50′E 1598–1567 0.26 Oga Peninsula
TS10-AK24 11/09/2010 BZ 40°22.93′N, 139°27.93′E 40°22.46′N, 139°27.94′E 1703–1695 0.26 Oga Peninsula
TS10-T55 01/09/2010 BZ 39°04.45′N, 134°41.45′E 39°04.29′N, 134°40.90′E  316–328 1.77 Central Yamato Bank
TS12-D01 26/08/2008 BZ 36°05.08′N, 134°27.29′E 36°04.85′N, 134°26.72′E  870–874 NA Off Kasumi
TS12-D02 26/08/2008 BZ 36°09.33′N, 134°30.42′E 36°09.03′N, 134°29.85′E 1027–1028 NA Off Kasumi
TS12-D04 28/08/2008 BZ 36°26.78′N, 134°42.36′E 36°26.53′N, 134°41.85′E 1304–1304 NA Off Kasumi
TS12-HY06 27/08/2008 BZ 36°01.80′N, 134°14.68′E 36°01.91′N, 134°14.04′E  701–699 NA Off Kasumi
TS12-HY10 28/08/2008 BZ 36°32.55′N, 134°40.03′E 36°33.03′N, 134°39.96′E 1397–1399 NA Off Kasumi
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phism in size in this group. This phenomenon makes it possible to examine the radula of both 
sexes in each species/phenotype with the fewest trials. Cusp formulae of the radulae are 
expressed following Ponder (1985: 10). Shells for SEM examination were only lightly sonicated 
in 70% ethanol or distilled water, without any chemical treatment in order to keep the periostra-
cum intact, and mounted on stubs. Radulae, opercula and juvenile or immature shells with an 
intact protoconch were coated with gold/palladium alloy, and observed at relatively high acceler-
ation voltage (higher than 5 kv) with a scanning electron microscope, JEOL JSM-6380LV, 

Table 2. (continued)

St. no. Date Gear Position in Position out
Depth  
(m)

Bottom Temp 
(°C)

Region

TS12-OW01 24/08/2008 BZ 35°40.45′N, 132°20.39′E 35°40.77′N, 132°20.94′E  200–201 NA W off Oki Islands
TS12-OW02 24/08/2008 BZ 35°48.08′N, 132°16.40′E 35°48.25′N, 132°17.08′E  301–301 NA W off Oki Islands
TS12-OW04 24/08/2008 BZ 35°53.15′N, 132°13.68′E 35°53.27′N, 132°14.32′E  500–500 NA W off Oki Islands
TS12-OW06 24/08/2008 BZ 35°55.10′N, 132°12.05′E 35°55.17′N, 132°12.71′E  704–700 NA W off Oki Islands
TS12-OW14 29/08/2008 BZ 36°13.66′N, 132°03.60′E 36°13.17′N, 132°03.40′E 1493–1497 NA W off Oki Islands
TS12-OW16 25/08/2008 BZ 36°22.76′N, 131°55.14′E 36°22.36′N, 131°54.99′E 1694–1695 NA W off Oki Islands
TS12-OW18 25/08/2008 BZ 36°36.78′N, 131°39.53′E 36°37.05′N, 131°39.84′E 1894–1892 NA W off Oki Islands
TS13-S13 27/08/2013 BZ 38°26.12′N, 134°01.16′E 38°25.98′N, 134°00.56′E 1600–1500 0.25 Yamato Bank

Table 3. Additoinal stations from off the Pacific coasts of Japan that are cited in the present paper. Abbreviations: D, 
dredge; OT, otter trawl; BT, beam trawl; CC, crab cage.

St. no Date Gear Position in Position out Depth (m) Region

WA05-DE250D 19/11/2005 D 38°04.60′N, 141°55.30′E 38°04.20′N, 141°55.20′E 249–249 NE Japan
WA05-FG250D 14/11/2005 D 37°19.90′N, 141°37.70′E 37°02.00′N, 141°37.40′E 255–253 NE Japan
WA06-DE280D 23/11/2006 D 38°42.90′N, 141°58.30′E 38°43.10′N, 141°58.40′E 284–285 NE Japan
WA06-H480 13/11/2006 OT 36°32.10′N, 141°06.00′E 36°32.70′N, 141°06.90′E 481–480 NE Japan
WA06-H1500D 15/11/2006 D 36°36.50′N, 141°36.20′E 36°36.70′N, 141°36.10′E 1470–1450 NE Japan
WA07–D310 18/10/2007 OT 38°53.50′N, 142°02.80′E 38°55.00′N, 142°03.30′E 303–307 NE Japan
KH-01-2 KC-0 18/09/2001 BT 42°10.79′N, 144°11.04′E 42°11.14′N, 144°11.61′E 1134–1219 NE Japan
KH-01-2 TD-2 25/09/2001 BT 39°31.50′N, 142°32.82′E 39°32.03′N, 142°33.57′E 1002–1069 NE Japan
KH-01-2 XR-2-1 15/09/2001 BT 42°27.52′N, 144°14.47′E 42°26.85′N, 144°12.98′E 965–981 NE Japan
KH-01-2 XR-2-2 15/09/2001 BT 42°27.44′N, 144°14.14′E 42°27.00′N, 144°13.44′E 973–982 NE Japan
KH-02-3 TB-3 14/09/2002 BT 32°25.95′N, 133°43.80′E 32°52.10′N, 133°41.51′E 1042–1045 Tosa Bay
KH-69-2-13 02/05/1969 BT 39°39.00′N, 142°20.70′E 39°40.00′N, 142°20.40′E 620–640 NE Japan
KH-69-2-3 29/04/1969 BT 36°44.50′N, 141°28.60′E 36°45.80′N, 141°30.30′E 615–620 NE Japan
KT-99-18 BT-3 16/12/1999 BT 32°26.50′N, 132°14.60′E 32°27.30′N, 132°16.50′E 1291–1298 Tosa Bay
KT-99-18 BT-4 16/12/1999 BT 32°23.40′N, 132°15.10′E 32°25.20′N, 132°17.20′E 1501–1516 Tosa Bay
KT-99-18 BT-6 20/12/1999 BT 33°38.20′N, 136°30.40′E 33°38.20′N, 136°34.60′E 2072–2075 Tosa Bay
KT-99-18 BT-8 20/12/1999 BT 33°50.00′N, 136°36.90′E 33°50.00′N, 136°33.90′E 2035–2043 Tosa Bay
KT-99-18 BT-9 20/12/1999 BT 33°50.00′N, 136°32.60′E 33°50.00′N, 136°28.90′E 1947–2023 Tosa Bay
KT-00-8 BT-2 25/06/2000 BT 33°07.00′N, 133°42.10′E 33°05.40′N, 133°41.60′E 742–776 Tosa Bay
KT-07-29 H-2 08/11/2007 BT 40°00.00′N, 143°31.37′E 41°00.76′N, 143°30.25′E 2055–2032 NE Japan
KT-07-29 K-1 07/11/2007 BT 42°34.99′N, 144°48.02′E 42°34.68′N, 144°49.91′E 1028–1075 NE Japan
KT-07-29 M-1 05/11/2007 BT 39°17.86′N, 142°28.40′E 39°16.80′N, 142°27.37′E 1039–1041 NE Japan
KT-07-29 M-2 05/11/2007 BT 39°16.20′N, 142°41.07′E 39°18.62′N, 142°43.73′E 1528–1603 NE Japan
KT-08-27 K-2 23/10/2008 BT 38°26.25′N, 143°02.13′E 38°24.90′N, 143°01.40′E 1906–1853 NE Japan
KT-08-27 S-2 20/10/2008 BT 41°03.05′N, 143°21.65′E 41°02.67′N, 143°23.26′E 2022–2027 NE Japan
KT-12-8 A-1 26/7/2012 BT 40°57.96′N, 141°45.30′E 40°57.69′N, 141°46.24′E 498–459 NE Japan
S13 27/11/1960 DG 35°05.40′N, 139°18.70′E 550 Sagami Bay
SH-BT93-1 27/10/1993 BT 35°01.10′N, 138°41.70′E 34°59.70′N, 138°42.00′E 870–950 Suruga Bay
SH-DG93-11 21/11/1993 DG 34°56.70′N, 138°41.30′E 34°55.50′N, 138°41.30′E 760–820 Suruga Bay
SO07-C5-B 29/07/2007 BT 44°32.00′N, 143°57.10′E 44°32.50′N, 143°56.90′E 177–176 Okhotsk Sea
SO07-C7 5–6/8/2007 CC 39°36.70′N, 142°33.30′E 39°35.90′N, 142°34.00′E 894–935 NE Japan
SO07-C7-B 05/08/2007 BT 39°40.60′N, 142°35.20′E 39°39.80′N, 142°33.70′E 818–815 NE Japan
SO07-K1 06/08/2007 BT 38°35.40′N, 143°04.50′E 38°34.00′N, 143°06.90′E 2137–2183 NE Japan
TS96-K2 20/04/1996 OT 38°02.60′N, 142°04.90′E 38°02.10′N, 142°41.10′E 1455–1451 NE Japan
RK-01-4 21/02/2001 D 35°08.80′N, 139°30.90′E 35°08.70′N, 139°30.90′E 730–725 Sagami Bay
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whereas whole shell specimens, including holotypes, were examined without coating at low 
acceleration voltages (5 kV or less).

Unless otherwise stated, all the voucher material is preserved in the National Museum of 
Nature and Science, Tsukuba, with registry numbers given here.

Distribution maps were prepared using GMT, with bathymetry data from Satellite Geodesy, 
Scripps Institution of Oceanography, University of California at San Diego. Depth contours are 
drawn at an interval of 500 m.

Institutional abbreviations. IORAN – Institute of Oceanology, Russian Academy of Sci-
ence, Moscow; NHMUK – Natural History Museum, United Kingdom; NMV – Museum Victo-
ria, Australia; NSMT – Department of Zoology, National Museum of Nature and Science, Tsu-
kuba; NSM – Department of Paleontology, National Museum of Nature and Science, Tsukuba; 
RFM – Ryotsu Kyodo Hakubutsukan [= Ryotsu Folk Museum], Sado, Niigata; UMUT – Univer-
sity Museum, the University of Tokyo; ZISP – Zoological Institute, Russian Academy of Sci-
ence, Saint-Petersburg.

Abbreviations used in shell descriptions and measurements. AL – aperural length; d – dried 
lived-collected specimen (attached to the number of specimens in parentheses); e – dead-collected 
empty shell (attached to the number of specimens in parentheses), SL – shell length; SW – shell 
width.

Taxonomy

Family Rissoidae Gray, 1847 
Genus Frigidoalvania Warén, 1974: 125

Type species. Rissoa janmayeni Friele, 1878, by original designation.
Remarks. Frigidoalvania was separated from the allied genus Alvania based on concholog-

ical characters, such as a thick, smooth, brownish periostracum and widely spaced distinct teleo-
conch sculpture (Warén, 1974). The generic distinction was subsequently confirmed by Ponder 
(1985) on the basis of reproductive anatomy. In the present study, radulae of two species that can 
be reasonably assigned to this genus in shell morphology were examined, and they were shown 
to share similar characters to those in the type species, F. janmayeni as illustrated by Ponder 
(1985: fig. 103C). Shared characters include the simple outer marginal teeth, with complete 
absence of cusps on the inner margin, and distinctly finer and more numerous cusps on the cen-
tral and lateral teeth, in comparison to the type species of Alvania (A. cimex Linnaeus, 1758: 
Ponder, 1985, fig. 86E) and other species here assigned to Alvania and Punctulum. Furthermore, 
shells of the species in this genus commonly have a considerably thickened outer apertural lip 
with a sharp edge, whereas the species here assigned to Alvania and Punctulum generally have a 
simple aperture. Accordingly, at least in the northwestern Pacific, Frigidoalvania can be clearly 
distinguished morphologically from other Alvania-like species.

Species of Frigidoalvania are widely distributed in arctic and subarctic seas, especially in the 
northern Atlantic. In the Eurasian arctic seas, three Atlantic species have been recorded (Golikov 
et al., 2001a): F. janmayeni (Friele, 1878) (eastward to Chukchi Sea), F. cruenta (Odhner, 1915) 
(eastward to Chukchi Sea) and F. scrobiculata (Möller, 1842) (eastward to East Siberian Sea). 
The last one, Rissoa scrobiculata, was assigned by Warén (1974) to the genus Alvania, and this 
view is supported here based on the overall shell characters.
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In the northwestern Pacific and adjacent areas, two species of Frigidoalvania have been 
recorded in the Sea of Japan (Hasegawa, 2000; F. asura and F. sitta), with one additional uniden-
tified species from the Pacific coast of northern Honshu (Hasegawa, 1999), which is shown in the 
present study to be a phenotype of F. asura. In addition, two species of this genus have been 
recorded in Russian waters (Golikov et al., 2001b): F. janmayeni and F. flavida Golikov and 
Sirenko, 1998. Records of F. janmayeni in the northwestern Pacific (Okhotsk Sea) were based on 
the specimens preserved in the ZISP, and examination of the voucher specimens (Fig. 3L) 
revealed that they were actually indistinguishable from Mohrensternia coronata (= F. asura in 
this study) that was described from the same area. Frigidoalvania flavida was originally 
described from off Paramushir Island, in the western Okhotsk Sea, at a depth of 500 m (Golikov 
and Sirenko, 1998: 101–102, fig. 3C, 15C, J). Although the holotype of this taxon (ZISP 54239; 
Fig. 48I–K) has been considerably damaged by crystallization in alcohol, preventing precise 
examination, it seems to show closer resemblance to certain species of the genus Punctulum, 
especially P. reticulatum, by its rather depressed shell with rougher periostracum, and simple 
aperture. It is thus provisionally removed from this genus. On the other hand, the species 
assigned by Russian authors to the genus Mohrensternia Stoliczka, 1885 (M. derjugini and M. 
coronata) are apparently members of Frigidoalvania, and they are regarded as junior synonyms 
of F. asura, in the present study. Mohrensternia was originally erected for Miocene species 
occurring in the semi-marine to brackish-water deposits of central and eastern Europe (type spe-
cies: Rissoa angulata Eichwald, 1830, by subsequent designation of Nevill, 1885: 105) (Anis-
tratenko, 2005). Although some species of Mohrensternia do show a superficial resemblance to 
Frigidoalvania species in teleoconch features, they differ considerably from the latter in having a 
distinctly inflated protoconch, and Ponder (1985) suggested the possibility that Mohrensternia 
may be a hydrobiid.

In summary, three species of Frigidoalvania are currently recognized in the northwestern 
Pacific, including one new species as described below.

Frigidoalvania asura (Yokoyama, 1926) 
[Japanese name: Ashura-tsubo] 

(Figs. 2–3, 4A–F, 5, 6A–D, 7–9, 48A; Table 4)

Rissoa (Apicularia?) asura Yokoyama, 1926: 273, pl. 33, fig. 15 [type locality: Sawane Formation, Sado Island, Plio-
cene].

Rissoa (Persephona) asura — Hatai and Nisiyama, 1952: 241.
Alvania asura — Makiyama, 1958: pl. 45, fig. 15; Ito, 1967: 50 [off Tajima, Hygo Pref.; ca. 300–400 m]; Ito, 1985: 26, 

pl. 2, figs. 1-1–2 [Awashima Island, 200–250 m; Suizu, Sado Island; 200–300 m; Akadama, Sado Island, 200–
250 m]; Ito et al., 1986: 8–9, pl. 4, fig. 4 [off Ishikawa Pref., 100–264 m]; Ogasawara et al. (eds.), 1986: pl. 70, fig. 
3a–b [Anden formation, Oga Peninsula, Akita Pref., Pleistocene]; Ito, 1999: 18 [off Kasumi, Hyogo Pref., 350–
400 m].

Mohrensternia derjugini Golikov and Licharev in Golikov and Scarlato, 1985: 387, fig. 2 [type locality: eastern coast of 
southern Sakhalin, 47°34.0′N, 143°37.5′E, 187 m, mud]. New synonym.

Mohrensternia coronata Golikov, 1986: 86, fig. 1 [type locality: off western coast of Kamchatka, Okhotsk Sea, 53°17′N, 
154°47′E, 140 m].

Putilla paudinoides [sic; = paludinoides] (Yokoyama) — Ogasawara et al. (eds.), 1986: pl. 70, fig. 5a–b [Anden forma-
tion, Oga Peninsula, Akita Pref., Pleistocene] [non Rissoa (Cingula) paludinoides Yokoyama, 1927].

Turboella coronata — Golikov and Sirenko, 1998: 101, fig. 3B [off Paramushir Island, Okhotsk Sea, 50°39.2′N, 
155°37.4′E, 500 m].

Frigidoalvania janmayeni — Golikov et al., 2001b: 158 (name only, in part; voucher specimens examined) [non Rissoa 
janmayeni Friele, 1878]
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Fig. 2. Shells of Frigidoalvania asura from the Sea of Japan. A–D, NSMT-Mo 102085, off Esashi, 670–671 m; 
E–F, NSMT-Mo 95830, off Oki Islands, 598–601 m; G–H, NSMT-Mo 102115, off Noto Peninsula, 603–
613 m; I, NSMT-Mo 95831, off Oki Islands, 796 m; J–K, ZISP 36615, Peter the Great Bay, 100 m; L–M, fig-
ured syntype of Rissoa (Apicularia?) asura, UMUT CM 23129, Pliocene fossil, Sawane Formation, Sado 
Island. All at the same scale (scale bar = 1 mm), except D (scale bar = 200 μm).
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behind lip in mature specimens. Umbilical chink widely perforate, and encircled by weak angu-
lation. Operculum (Fig. 49C) thin, chitinous, paucispiral, oval, with convex outer ridge. Head-
foot unpigmented, lacking pigmented eyes. Penis slender, evenly tapering to tip, lacking glandu-
lar lobe and projections. Radula (Fig. 30A–B) taenioglossate, 99.9 μm in width for 2.4 mm SW. 
Central teeth of formula 5+1+5, with tongue-like central cusp and triangular cutting edge; one 
pair of well-developed basal denticles, sometimes with additional pair of weak outer denticles; 
U-shaped basal extension indistinct. Lateral teeth of cusp formula 5+1+5–6, with broad primary 
cusp; inner cusps short and broad, and crowded on distal portion, whereas outer cusps sharper 
and more sparse. Inner marginal teeth sickle-shaped, relatively narrow, with 5–6 rather long and 
large cusps only on outer edge. Outer marginal teeth more slender than inner marginal teeth, 
tusk-like, with 3 cusps only on inner side.

Variations. No significant variations in shell morphology were observed among the mate-
rial examined, although some specimens possess a slightly more elevated spire (Fig. 26F–G) 
than the holotype.

Etymology. Named after the R/V Soyo-maru, of the JFA, in recognition of her long-term 
contribution to marine science, especially Malacology.

Remarks. This species can easily be distinguished from all the previously known species in 
the genus by its depressed shape and characteristic sculpture. SL/SW value is 1.14 (mean of 6 
specimens) and it is the smallest among the species treated in the present paper (Table 7). In pro-
toconch sculpture, it closely resembles P. flavum, suggesting a probable affinity to that species, in 
spite of the relatively large differences in teleoconch features.

Examination of additional material from areas other than the Sea of Japan resulted in the 
finding of very similar specimens from the Pacific coast of northern Honshu. The Pacific speci-
mens resemble the present species in their general shape, wide umbilicus and strong spiral ribs, 
and especially in the details of the protoconch microsculpture (compare Figs. 28A–C and 28D–
F), and are apparently allied to this species. However, the range of variation in shell characters is 
very narrow and rather uniform in each area, and there are consistent differences between them, 

Table 7. Measurements of Punctulum spp. *: shell dissolved for radula preparation.

Species Type status Register no. Station Locality Depth (m) SL SW SL/SW AL Figures

P. soyomaruae n. sp. Holotype NSMT-Mo 102216 SO07-C4-B2 Off Iwanai 843–760 2.38 2.16 1.10 1.19 26A–E
P. soyomaruae n. sp. Paratype NSMT-Mo 102194 SO07-C4-B2 Off Iwanai 843–760 2.09 1.93 1.08 1.10 26H–I
P. soyomaruae n. sp. Paratype NSMT-Mo 102194 SO07-C4-B2 Off Iwanai 843–760 2.14 1.85 1.16 1.21 
P. soyomaruae n. sp. NSMT-Mo 102195 KT-11-9 E4 Off Esashi 787–854 3.10 2.56 1.21 1.47 26F–G
P. soyomaruae n. sp. NSMT-Mo 102194* SO07-C4-B2 Off Iwanai 843–760 2.75 2.45 1.12 1.31 30A
P. soyomaruae n. sp. NSMT-Mo 102194* SO07-C4-B2 Off Iwanai 843–760 2.15 1.87 1.15 1.27 30B
Mean (n = 6) 2.44 2.14 1.14 1.26 

P. sanrikuense n. sp. Holotype NSMT-Mo 102217 SO07-C7 Off Sanriku 894–935 2.95 2.26 1.31 1.32 26J–K
P. sanrikuense n. sp. Paratype NSMT-Mo 102204 SO07-K1 Off Sanriku 2137–2183 3.07 2.60 1.18 1.61 26 L–O
P. sanrikuense n. sp. NSMT-Mo 102205* SO07-C7 Off Sanriku 894–935 2.87 2.42 1.19 1.35 30C
P. sanrikuense n. sp. NSMT-Mo 102205* SO07-C7 Off Sanriku 894–935 2.43 2.10 1.16 1.22 30D
Mean (n = 4) 2.83 2.35 1.21 1.38 

P. tanshumaruae n. sp. Holotype NSMT-Mo 102214 KT-11-9 K3 Off Kasumi 370–411 2.83 1.91 1.48 1.21 33A–E
P. tanshumaruae n. sp. Paratype NSMT-Mo 102214 KT-11-9 K3 Off Kasumi 370–411 2.47 1.86 1.33 1.04 33F
P. tanshumaruae n. sp. NSMT-Mo 102214* KT-11-9 K3 Off Kasumi 370–411 2.77 1.94 1.43 1.21 
P. tanshumaruae n. sp. NSMT-Mo 102214* KT-11-9 K3 Off Kasumi 370–411 2.06 1.55 1.33 1.06 30F
Mean (n = 4) 2.53 1.82 1.39 1.13 

P. tanshumaruae n. sp. (Pacific) NSMT-Mo 102221 KT-12-8 A-1 Off Sanriku 498–459 2.56 2.04 1.25 1.29 33G–J
P. tanshumaruae n. sp. NSMT-Mo 102221 KT-12-8 A-1 Off Sanriku 498–459 2.69 2.01 1.34 1.24 33K
P. tanshumaruae n. sp. NSMT-Mo 102221 KT-12-8 A-1 Off Sanriku 498–459 2.59 1.98 1.31 1.18 
Mean (n = 3) 2.61 2.01 1.30 1.24 
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