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Abstract.  The composition and distribution of deep-sea species of the genus Aforia from the Pacific
are studied. Three new subgenera, Dallaforia, Abyssaforia and Palaeoaforia, are described. Steiraxis
is considered as a taxon of the subgeneric level within Aforia. Three new species (Aforia abyssalis, A.
moskalevi and A. kupriyanovi) and one new subspecies (4. aulaca alaskana) are described.

The anatomies of seven species of Aforia, including the type species, are presented. On the whole, the
structure of all main organ systems is similar in most of the species. None of the species has an invaginable
part of the rhynchodaeum. It is shown that Toxoglossa possess an intraembolic proboscis characterized
by a buccal mass situated near its base.

An explanation is proposed of the feeding mechanism in turrids having a well-developed subradular
membrane and “nontoxoglossate” radular teeth. The explanation is based on findings of marginal teeth
held by a sphincter of the tip of the proboscis of Aforia species. Thus, marginal teeth perform a double
function, being used both in the buccal cavity and at the tip of the proboscis as in the higher Toxoglossa.

An analysis of the geographical distribution and history of members of Aforia shows that the main

factor conditioning the evolution of the genus is its adaptation to low water temperatures.

INTRODUCTION

Gastropods of the genus Aforia are among the largest (adult
shell sizes up to 92 mm) and most widely distributed
members of the family Turridae in the Pacific. Species of
Aforia are mostly found in relatively deep waters, and
descriptions of the specific composition of Aforia in bathyal
and abyssal faunas are fragmentary. There are very few
data on the distribution of species, while data on anatomy
are almost absent.

Several rare and undescribed species of Aforia have been
found recently by Soviet deep-sea expeditions. Our inves-
tigations of the morphology of their shells, radulae, and
soft parts have allowed us (1) to revise, to some extent, the
generic composition and to erect infrageneric taxa, (2) to
specify the identity and distribution of bathyal and abyssal
species (of which three species and one subspecies appear

to be new), and (3) to analyze the functional morphology
of the digestive system of the species studied.

For the comparative analysis of Aforia morphology, an
investigation was carried out of the anatomy of the genus
type species, A. circinata (Dall), which is not a true deep-
sea species.

All type specimens of described species are deposited in
the Zoological Museum of Moscow State University. Reg-
istration numbers are indicated in the descriptions of species.

MATERIALS aNnpD METHODS

Materials for the study were collected by Soviet expeditions
on the research vessels Vityaz, Dmitry Mendeleev, Akademik
Kurchatov, and Gidrobiolog. Coordinates of stations where
mollusks were collected are listed in the descriptions of
species.
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The morphology of the digestive system was studied
histologically. The anterior part of the system (including
the proboscis with rhynchodaeum, poison gland, and a part
of the oesophagus) or the molluscan body after removing
the visceral mass and mantle were dehydrated and embed-
ded in paraffin; sections 8~10 um thick were cut. Sections
were stained with haematoxylin-eosin and Mallory’s stain.
Semidiagrammatic representations of the anterior part of
the digestive system were made. Poison and salivary glands,
together with the radular sac, were represented stereo-
scopically, but the nerve ring was not figured. In studies
of the odontophore of Aforia circinata, part of the buccal
mass with radular sac was sectioned transversally.

Examinations of the mantle complex of organs and the
penis were carried out with a stereomicroscope at mag-
nifications of 16-32 times. Radulae for light microscopy
were removed together with the radular sac and placed
into a sodium hypochlorite solution to dissolve the tissues,
with subsequent transfer to distilled water, cleaning, and
embedding in glycerol. Radular teeth of two species were
also prepared for scanning electron microscopy. After de-
hydration in alcohol and acetone, the teeth were mounted
on sticky tape, coated with gold, and examined with a
JSM-50A scanning electron microscope.

GENERAL ANATOMY oOF
EXAMINED SPECIES

The body of deep-sea species of Aforia lacks pigmentation.
The head is well distinguished from the body; eyes are
absent. The morphology of the mantle complex is similar
in all species. The osphradium and gill are large, the
hypobranchial gland is moderately developed, and an anal
gland is absent. All species examined have an accessory
pedal gland situated in the depression in the middle part
of the marginal glandular cleft. The epithelial lining of
the accessory gland is similar to the rest of the marginal
cleft. The most probable function of the gland is lubrication
of the foot.

Close attention was paid to the anterior part of the
digestive system, as its morphology is the most variable
among Turridae. The generalized scheme of organs of the
body haemocoel of Aforia is represented in Figure 4A.

The species have a more or less long proboscis situated
in the rhynchocoel (rhynchodaeal cavity or proboscis
sheath). The proboscis can be stretched out through the
rhynchostome, which is surrounded with a very large,
powerful sphincter. The buccal mass lies at the base of
the proboscis. The buccal tube leads from the buccal cavity
to the mouth at the tip of the proboscis. The radular sac
opens into the buccal cavity. Near the entrance of the
radular sac two ducts of salivary glands open. Large sal-
ivary glands, which may unite to form a single large one,
are plaged near or above a large nerve ring (not figured).
A long poison gland opens ventrally behind the buccal
mass. The poison gland has a large and powerful distal
muscular bulb that functions as a propulsive organ.

SYSTEMATIC DESCRIPTIONS
Class Gastropoda
Subclass Pectinibranchia Blainville, 1814
Order Toxoglossa Gray, 1853
Family Turridae Swainson, 1840
Subfamily Turriculinae Powell, 1942!
Genus Aforia Dall, 1889
Type species: Pleurotoma circinata Dall, 1873 (O.D.).

The mollusks under consideration have been described
in such genera as Pleurotoma, Leucosyrinx, Aforia, Ireno-
syrinx, or Steiraxis. However, in recent works only the
latter three names are used.

The genus Irenosyrinx, with type species Pleurotoma
(Leucosyrinx) gooder Dall, 1890, was described by DALL
(1908) for species close to those of Aforia but differing (at
least as type species) by the structure of the operculum.
In adult specimens of I. goode: the operculum has a sub-
central nucleus and looks like that of Buccinum whereas
the Aforia representatives have an elongate operculum with
a terminal nucleus. Subsequently, however, authors con-
sidered these differences insignificant (GRANT & GALE,
1931; POwELL, 1942, 1966, 1969; McLEAN, 1971). We
agree with this subsequent opinion because the considered
group of species is rather homogenous and the species have
similar morphologies of the shell, radular teeth and soft
body, while the operculum with subcentral nucleus is known
only for A. goodei. Such opercular morphology of the spec-
imen studied by Dall can probably be considered an ab-
normal individual aberration caused by damage during
growth, which also occurs sometimes in other turrids. This
point of view is supported further by the fact that opercula
of younger specimens also investigated by DALL (1908)
have terminal nuclei similar to those of other species of
Aforia. The division of Aforia and Irenosyrinx proposed by
BOUCHET & WAREN (1980), based only on the fact that
the type species of Aforia is a shallow-water boreal north
Pacific species whereas that of Irenosyrinx is an abyssal
eastern Pacific species, is considered groundless.

The monotypic genus Steiraxis was established by DALL

1 PoweLL (1969) and CERNOHORSKY (1972) considered that
the name Turriculinae Powell, 1942, cannot be used, being a
junior homonym and, therefore, the available name for this taxon
would be Cochlespirinae Powell, 1942. Recently, some authors
have accepted this statement. However, according to the Inter-
national Code of Zoological Nomenclature, the names Turriculinae
Carpenter, 1861, and Turriculinae A. Adams, 1846, based on
Turricula Fabricius, 1823 (Mitridae) (non 7urricula Schumacher,
1817 [Turridae]) are not senior homonyms of Turriculinae Pow-
ell, 1942 (Article 54[1]), since the former two names are invalid
(Article 39) and unavailable (Article 11[e]). Therefore, Turric-
ulinae Powell, 1942, should be considered as an available and
valid name.
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(1896), with type species Pleurotoma (Steiraxis) aulaca Dall,
1896. According to Dall and all later authors, the principal
feature separating this genus from Irenosyrinx (=Aforia)
is stronger spiral sculpture equally developed on the whole
surface of the shell whorls. However, the presence of the
below-described abyssal species A. abyssalis sp. nov., which
has sculpture intermediate between typical Aforia and
Steiraxis, forces us to place S. aulaca in the genus Aforia
while the name Steiraxis can be used for a subgenus within
Aforia.

Peculiarities of the shell and radular tooth morphology
and bathymetric distribution of the species of Aforia allow
us to divide the genus into five subgenera. The diagnostic
features of the subgenera are summarized in Table 1.

Subgenus Aforia s.s.

The shell spiral sculpture is represented by narrow, low
ribs, being very slight on the shoulder. A weakly to mod-
erately pronounced spiral keel is usually situated on the
lower part of the shoulder. Marginal teeth of the radula
are very small, and the shell height-tooth length ratio
exceeds 100 (up to 180).

Species of the subgenus inhabit sublittoral and bathyal
waters of the Pacific, the southwestern Atlantic, and the
southeastern part of the Indian Ocean.

From our point of view the following nominal species
should be included in the nominal subgenus: Aforia circi-
nata (Dall, 1873), A. insignis (Jeflreys, 1883), A. magnifica
(Strebel, 1908), A. lepta (Watson, 1881), A. staminea (Wat-
son, 1881), A. gonioides (Watson, 1881), A. goode: (Dall,
1890), A. persimilis (Dall, 1890), A. persimilis leonis (Dall,
1908), A. persimulis blanca (Dall, 1919), A. amycus (Dall,
1919), A. kinkaidi (Dall, 1919), A. hondoana (Dall, 1925),
A. okhotskensis Bartsch, 1945, A. chosenensis Bartsch, 1945,
A. sakhalinensis Bartsch, 1945, A. diomedea Bartsch, 1945,
A. japonica Bartsch, 1945, and A. moskalevi Sysoev &
Kantor, sp. nov.

The above list includes names that have been only pro-
posed, but at present we cannot estimate the validity of
many of them because, on the one hand, we have too little
material and, on the other hand, a detailed study on the
shallow-water species systematics was beyond the scope of
our work. It should be noted that, according to many
authors, most if not all of the names proposed by BARTSCH
(1945) should be synonymized with A. circinata (see
POwELL, 1969) and all bathyal eastern Pacific species should
be considered as a single species, A. goodei (see MCLEAN,
1971).

Aforia (Aforia) circinata (Dall, 1873)
(Figures 3A, C-E, 4B, C, 7A-D)

Material: Our specimens were collected near Iturup Island
(Kurile Islands) at a depth of about 100 m (R/V Gidro-
biolog).

Digestive system (Figure 7): The proboscis is long; in
studied specimens it was stretched out through the rhyn-
chostome. The buccal mass is large and pyriform, with a
deep fold at the upper part. The walls of the buccal mass
are thick, becoming thinner in the anterior part. The buccal
tube is of a small diameter without folds along the buccal
mass. The rhynchodaeum is strongly folded. The buccal
tube forms a small expansion with a sphincter near the
proboscis tip. The salivary glands are united as one large
gland located above the oesophagus. Paired salivary ducts
open into the radular sac near its entrance to the buccal
cavity. The epithelium of the buccal cavity forms high
folds, the largest of which are at the bottom of the cavity
near the entrance of the radular sac (Figure 7B). The
odontophore is of medium size with four subradular car-
tilages (Figure 7D) united in two pairs and connected by
a muscular symphysis in the anterior part of the odonto-
phore (Figure 7C). The radular sac is surrounded with a
thick layer of muscles and is lined inside with a thick
cuticular layer. The poison gland is large, with a greatly
decreased diameter near its opening into the oesophagus.
The muscular bulb is of medium size and oval. The oesoph-
agus sharply increases in diameter posterior to the nerve
ring. The stomach typically has a U-shape form and re-
ceives two ducts of the digestive gland. The radula is of
typical form for the genus (Figures 3C-E). The central
teeth are weak and thin. The marginal teeth are small.
The shell height-tooth length ratio is 180.0.

Aforia (Aforia) lepta (Watson, 1881)
(Figures 1F, G, 5B, 6E-H, 8A-FE)

Pleurotoma (Surcula) lepta WATSON, 1881:391, 1886:288, pl.
XVIIIL, fig. 7.

Material: R/V Dmitry Mendeleev, station 1276, 48°25'S,
171°42'E (SE of New Zealand), depth 1100-1200 m, trawl
Sigsbee, 1 specimen.

Shell: The shell of our specimen is very similar to that
described by Watson (1886), differing in its smaller size
(the shell height is 14.1 mm), less numerous whorls, and
less well-developed spiral keel, especially on the penulti-
mate whorl; spiral sculpture is more uniform, and inter-
calate threads between primary ones are absent.

The protoconch sculpture and also the operculum, rad-
ula and soft-body morphology, which were not studied
previously, are described here. The operculum is small
and drop-shaped (Figure 5B). The protoconch consists of
1.5 rapidly increasing whorls sculptured with very weak,
thin, and inconspicuous spiral folds.

Anatomy (Figures 6E-H): The mantle is thin and the
osphradium and gill are clearly seen through it. The siphon
1s short and contracts strongly during fixation. The pro-
podium of the foot is narrow with a deep cleft; the accessory
pedal gland is weak. The head is well distinguished from
the body; the tentacles are short and rounded at the tip.
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Table 1

Characters of the subgenera of Aforia.

Shell
height-
tooth
Sub- Spiral length
genus Spiral ribs keel ratio
Aforia s.s. narrow, low, very present, 107-180
slight on the shoul- var-
der iously
devel-
oped
Steiraxis very strong, equally de-  present,  about 70
veloped throughout strong
the shell surface
Abyssa- narrow, prominent, none 57-90
foria equally developed
throughout the shell
surface
Dallaforia  strongly inequal on the  none about 100
shoulder and on the
rest of the whorl
Palaeo- narrow, weak, present, —
aforia smoothed on the double

shoulder

The rhynchostome has well-developed lips; its sphincter
is very large.

Mantle complex (Figure 6G): The osphradium and gill
are very large. The gill lamellae are tall and triangular;
their height is nearly equal to the base width. At the inner
side of the lamella a thickened cuticulized flagellum is
situated. The flagellum adheres to the lamella. The gill
extends nearly to the mantle outer edge but its lamellae
are low there. The osphradium is flattened. The hypo-
branchial gland is poorly developed and is covered with a
thick gel-like mucosal layer. The pallial oviduct is of small
diameter and the female gonopore opens on a small round-
ed eminence. The rectum has a very small diameter. It lies
along the surface of the oviduct; the anus opens nearer to
the outer edge of the mantle than the gonopore does. There
is a short and narrow transverse fold in the right part of
the mantle.

Digestive system (Figure 8): The proboscis is small; its
epithelium is formed by very tall gobletlike cells (Figure
8B). The buccal mass is of medium size with relatively
thin walls. The buccal tube forms a fold along the buccal
mass. In the anterior part, the buccal tube forms a small
sphincter. Retractor muscles of the proboscis pass along
its lumen and attach near the tip. The rhynchodaeum is
folded and covered with a thick cuticular layer. The paired
salivary glands are large, and their ducts are of small
diameter, slightly coiling. The muscular bulb of the poison
gland is small. Odontophore cartilages are absent, being
replaced by a strong muscular fold. The oesophagus grad-

ually widens posterior to the entrance of the poison gland.
The stomach is typically U-shaped, containing two ducts
of the digestive gland. The central radular teeth are very
thin (Figure 8D). The marginal teeth are small (Figures
8D, E). The shell height-tooth length ratio is 100.7.

Distribution: The species was previously known from
two localities—the Australian-Antarctic Rise (R/V Chal-
lenger, station 157, 53°55'S, 108°35'E, type locality) and
near Kerguelen Island (WaTsoN, 1886; CANTERA &
ARNAUD, 1984). Our specimen was found in the New
Zealand underwater plateau and, therefore, the species
range is greatly extended eastward. The species lives at
depths of 360 to 3560 m.

Aforia (Aforia) moskalevi
Sysoev & Kantor, sp. nov.

(Figures 1E, H, 5A, 6A-D, 9A-G)

Material: R/V Dmitry Mendeleev, station 1314, 59°58'S,
158°07'E (SW Pacific), depth 3010-3030 m, trawl Sigsbee,
2 specimens—holotype (No. LC 5360) and paratype (No.
LC 5361).

Description of holotype: The fusiform shell is thin and
consists of 4.5 preserved whorls. The protoconch is lost,
as the first preserved whorl is eroded. Whorls are slightly
convex and angulate at the periphery. The whorl shoulder
is flattened and sloping. There is a very weak spiral fold
on the shoulder of the body whorl. Axial sculpture is
represented only by numerous thin growth lines, some of
them being rather more pronounced, especially below the
shoulder. Spiral sculpture of the upper part of the whorl
consists of threadlike, weak, flattened ribs irregularly dis-
placed and separated by interspaces twice as wide. On the
lower part of the whorl, spiral ribs are larger, narrow,
rounded, irregularly disposed, and separated by inter-
spaces that are 2-4 times wider than rib widths. In some
interspaces, there are much weaker secondary ribs. As the
spiral ribs cross the strongest growth lines, they form re-
ticulate sculpture. The aperture is wide and oval. The
outer lipis broken. The inner lip is smoothly curved, coated
with thin callus. The siphonal canal is long, slightly curved.
The sinus, judging by growth lines, is deep, wide, and
rounded; its apex is situated some distance above the middle
of the whorl shoulder. The shell color is gray. The shell
height is 33.4 mm, the height of the body whorl is 25.5
mm, the aperture height is 20.8 mm, and the shell diameter
is 12.2 mm.

The paratype is smaller (the shell height is 27.2 mm)
and poorly preserved. Its shell is quite similar to the ho-
lotype. We have studied the anatomy of the paratype.

The operculum is small and roundly triangular, with a
terminal nucleus (Figure 5A).

Anatomy (Figures 6A-D): The mantle is thick, and the
osphradium and gill are seldom seen through it. The man-
tle edge is uneven; it has a distinct notch corresponding to
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Figure 1

A and B, Aforia crebristriata (Dall), R/V Vityaz, stat. 4173, shell height of 40.4 mm. C and D, A. kupriyanovi sp.
nov., holotype. E and H, A. moskalevi sp. nov., holotype. F and G, 4. lepta (Watson), R/V Dmitry Mendeleev,
stat. 1276, shell height of 14.1 mm.
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A-G, Aforia abyssalis sp. nov. A and B, holotype. C, paratype, R/V Vityaz, stat. 5624, shell height of 31.8 mm.
D, paratype, R/V Vityaz, stat. 5624, shell height of 31.0 mm. E, paratype, R/V Vityaz, stat. 3594, shell height of
39.0 mm. F, paratype, R/V Vityaz, stat. 4104, shell height of 16.8 mm. G, paratype, shell sculpture. Scale bar =

1 mm.
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A, Aforia circinata (Dall), shell height of 52.4 mm. B, A. aulaca alaskana subsp. nov., holotype. C-E, SEM photographs

of radula of A. circinata.
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Figure 4

A, general diagrammatic section of the anterior part of Aforia digestive sytem. B-D, marginal teeth of Aforia (B, 4.
circinata. C, the same, transverse section. D, 4. abyssalis). Key to abbreviations for all figures: AG, accessory pedal
gland; AO, anal opening; BT, buccal tube; BM, buccal mass; BW, body wall; CT, central tooth; DG, digestive
gland; FT, fold of buccal tube; FG, female gonopore; G, gill; H, head; HG, hypobranchial gland; LM, longitudinal
muscles; LR, lip of rhynchostome; MB, muscular bulb; MG, male gonopore; M T, marginal tooth; N, nephridium;
OC, odontophoral cartilage; OE, oesophagus; OP, operculum; OS, osphradium; PG, poison gland; PO, pallial
oviduct; PR, proboscis; PRM, retractor muscles of the proboscis; PP, propodium; PS, proboscidal sphincter; RA,
radula; R, rectum; RD, rhynchodaeum; RS, rhynchostome; RT, radular tooth; S, siphon; SD, salivary duct; SG,
salivary gland; SP, sublingual pouch; SR, rhynchostomal sphincter; ST, stomach; T, tentacles; TM, transverse

muscles.

the anal sinus of the shell. The head is well distinguished
from the body. The tentacles are long and flattened. The
propodium is very narrow, and the accessory pedal gland
is poorly developed. A large rhynchostomal sphincter is
present.

Mantle complex (Figure 6C): The gill and osphradium
are large, the latter being %5 of the gill length. Gill lamellae
are tall and triangular. The thickened flagellum of the gill
is free in its upper part to form a rounded growth. The
hypobranchial gland is well developed, and forms about
30 closely placed folds. A long siphon with a large dis-
tributive valve at its base is well developed. The rectum
is of small diameter with a small but distinct anal papilla.

Digestive system (Figure 9): The proboscis is long, nar-
rowing towards its tip. Powerful proboscis retractor mus-
cles are attached mostly to the integument of the body sinus
roof. The buccal mass is not large. The buccal tube is
surrounded with a relatively thin layer of circular mus-

culature to form a long double fold along the buccal mass.
There is a small sphincter of the buccal tube at its tip in
which a radular marginal tooth was found to be held
(Figure 9B). The muscular bulb of the poison gland is
rather small and oval. The salivary glands join to form a
single gland placed above the oesophagus and embracing
it. The salivary ducts are relatively thick and twist slightly.
The odontophore is small (Figure 9C); there are four
subradular cartilages forming pairs on each side. The paired
cartilages fuse in the anterior part of the odontophore and
the fused pairs are connected with a muscular symphysis.
The radular sac is lined with a thick layer of cuticle. The
rachidian tooth of the radula is thin, weak, and curved,
with a smooth anterior edge. The marginal teeth (Figures
9D, E) are short, broad, and their distal parts are optically
more dense than the basal parts. The length of a marginal
tooth is 0.24 mm. The shell height - tooth length ratio is
113.3. The oesophagus abruptly widens behind the en-
trance of the poison gland. The stomach is of the typical
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U-shape, with two ducts of the digestive gland. The spec-
imen dissected is an immature female.

Remarks: This species is closest to Aforia kupriyanovi sp.
nov., differing by the weak development of spiral ribs on
the body-whorl shoulder, the lesser number of ribs, the
flattened whorl shoulder, and the much smaller marginal
teeth (as measured in relative values).

Distribution: The species was found in the abyssal zone
of the region southward from the Hyort trench (south-
western Pacific).

Subgenus Steiraxis Dall, 1896
Type species: Pleurotoma (Steiraxis) aulaca Dall, 1896 (O.D.).

Spiral sculpture consists of very strong, prominent, near-
ly rectangular in section ribs equally developed throughout
the shell surface. The spiral keel is strong and situated at
the whorl periphery. Marginal teeth of the radula are very
large, and the shell height-tooth length ratio is about 70.

The subgenus includes a single species with two sub-
species (Aforia aulaca aulaca (Dall) and A. aulaca alaskana
subsp. nov.) living at abyssal depths of the eastern Pacific
along the coast of North and Central America.

Aforia (Steiraxis) aulaca alaskana
Sysoev & Kantor, subsp. nov.

(Figures 3B, 5D, 12F-H)

Material: R/V Vityaz, station 6109, 56°17.7'N, 139°43.3'W
(Gulf of Alaska), depth 3460 m, Sigsbee trawl, 1 specimen
(holotype, No. LC 5362).

Description of holotype: The shell is small, fusiform, and
consists of 5 whorls. The upper whorls are significantly
eroded. The whorls are slightly convex, angled at the pe-
riphery where a spiral keel is placed. The whorls are
divided by very shallow, poorly visible sutures. The whorl
shoulder is flattened. Axial sculpture is represented only
by very thin, numerous growth lines. Spiral sculpture con-
sists of the keel situated at the whorl periphery and also
of strong, prominent, nearly rectangular in section ribs
covering all the shell surface. The width of ribs varies
insignificantly. Sometimes, there is an additional thin rib
in the interspace between the more prominent ribs. There
are two ribs on the spiral keel. The ribs are much lower
on the shell base and on the anterior canal. Interspaces
between ribs vary in their width, being in most cases equal
to the ribs themselves or slightly wider. There are 15 spiral
ribs on the penultimate whorl and 48 on the body whorl;
11 of the latter are disposed between the keel and the
suture. The ovate aperture gradually transforms into the
long siphonal canal, which is slightly curved and widens
toward the end. The inner lip is coated with a wide but
thin callus. The anal sinus, judging by growth lines, is
wide, rounded, and not very deep, its apex being placed
approximately in the middle of the space between the

Figure 5

Opercula of Aforia species. A, A. moskalevi, paratype. B, A. lepta.
C, A. crebristriata. D, A. aulaca alaskana, holotype. E-G, A. abys-
salis (E, paratype, R/V Vityaz, stat. 5624. F, paratype, R/V
Vityaz, stat. 3594. G, paratype, R/V Vityaz, stat. 2074). H, 4.
kupriyanovi, holotype. Scale bar = 1 mm.

suture and the keel. The shell color is light brown. The
shell height is 25.8, the body-whorl height is 20.0, the
height of the aperture is 16.5, and the shell diameter is 11
mm.

Anatomy: The rhynchostomal sphincter is very poorly
developed, compared to other species. The rhynchostome
has weak, small rhynchostomal lips. A small accessory
propodial gland is placed on the bottom of the propodial
cleft.

Mantle complex of organs: The mantle morphology is
typical for the genus. The mantle edge is serrated. The
ctenidial lamellae are high, and there is a thick cuticular
basal flagellum at the inner edge. The hypobranchial gland
is poorly developed.

Digestive system: The proboscis (Figure 12F) is typical
for the genus. The buccal mass is small, and the buccal
tube is surrounded by a rather thick layer of circular
musculature. Near the tip of the proboscis the buccal tube
forms a sphincter (Figure 12G). Powerful and large pro-
boscis retractors are attached to the expansion of the buccal
tube at some distance from the proboscis tip. It is possible
that the end of the buccal tube can be everted. The poison
gland is thick and has a very large muscular bulb. The
central radular tooth is large; it has one cusp on its frontal
edge and long, narrow, curved blades (Figure 12H). The
marginal teeth are long and slightly curved (Figure 12H)
(0.38 mm length). The shell height~tooth length ratio is
67.9.

Remarks and distribution: Aforia aulaca alaskana subsp.
nov. differs from the nominal subspecies in having a small-
er shell (the height of holotype shell of A. aulaca aulaca is
60 mm) that is covered with spiral ribs that are not sharp
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Figure 7

Morphology of digestive system of Aforia circinata, shell height of 49.0 mm. A, semidiagrammatic section of anterior
part of digestive system. B, transverse section across the radular sac at the anterior part of odontophore. C, the
same, medial part of odontophore. D, the same, basal part of odontophore. See Figure 4 for key to abbreviations.

but rectangular in side view, and with interspaces between
them being equal or slightly wider than the rib width (i.e.,
the interspaces between ribs are wider than in the nominal
subspecies). The most striking difference between the sub-
species is the shape of the radular teeth. The drawing of
the radula of the holotype specimen of A. aulaca aulaca
(according to the catalogue number) was published by
POwELL (1966:text fig. 26). The marginal teeth of the new
subspecies are wider; the central tooth is large and cres-
centlike with a cusp on its frontal edge whereas the central
tooth of the nominal subspecies is represented by a narrow
small plate that is protracted along the subradular mem-
brane and bipolarly sharply terminating. Moreover, the
two subspecies differ in their geographic distribution. Afor-

ia aulaca aulaca is found along the Pacific coast of North
and Central America from northern California to the Gulf
of Panama (DaLL, 1908; PARKER, 1964; Rokop, 1972).
Aforia aulaca alaskana has been recorded so far only in the
Gulf of Alaska. It is interesting to note that both subspecies
have a similar vertical range, 3241-3798 and 3460 m
respectively.

Subgenus Dallaforia
Sysoev & Kantor, subgen. nov.
Type species: Irenosyrinx? crebristriata Dall, 1908.

Spiral sculpture is represented by very strong, wide,
prominent ribs situated below the whorl shoulder and

Figure 6

Soft body of Aforia species. A-D, A. moskalevi, paratype (A and B, whole body. C, mantle complex. D, single
lamella of the gill). E-H, 4. lepta (E and F, whole body. G, mantle complex. H, distal part of female pallial
gonoduct and rectum). I-L, A. crebristriata (1 and J, whole body. K, mantle complex. L, penis). M-P, A. abyssalis,
paratype, shell height of 39.0 mm (M and N, whole body. O, mantle complex. P, penis). Scale bar = 2 mm. See

Figure 4 for key to abbreviations.




































