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ABSTRACT. The range of shell characters (overall
shape, sculpture, columellar plaits, protoconchs)
exhibited by fossil and Recent species placed in
Exilia Conrad, 1860, Mitraefusus Bellardi, 1873,
Mesorhytis Meek, 1876, Surculina Dall, 1908, Phe-
nacoptygma Dall, 1918, Palaeorhaphis Stewart, 1927,
Zexilia Finlay, 1926, Graphidula Stephenson, 1941,
Benthovoluta Kuroda et Habe, 1950, and Chatha-
midia Dell, 1956 and the anatomy of the Recent
species precludes separation of more than one genus.
Consequently all of these nominal genera are sy-
nonymised with Exilia, with a stratigraphical range
from Late Cretaceous to Recent. Anatomically,
Exilia 1s similar to other ptychatractine genera,
but is characterized by a stomach with a long,
narrow caecum, a penis with terminal fold sur-
rounding the seminal papilla, and a radula with
rachidian teeth with broad lateral f{laps. Recent
species of Exilia are restricted to deep water at
middle to low latitudes in the Indian and Pacific
oceans. Exilia hilgendorfi (Martens, 1897) is treated
as a species highly variable within its broad Indo-
Pacific distribution, with Benthovoluta gracilior Reh-
der, 1967, B. claydoni Harasewych, 1987, and B.
prellei  Bozzetti, 2001 considered local variants.
Three new species are described: Exilia graphidu-
loides sp. nov. (New Caledonia, 520 m), £. vagrans
sp. nov. (West and SW Pacific, 865-1280 m),
and E. kiwi sp. nov. (New Zealand, [386-1676
m).

Introduction

The species- and genus-level taxa discussed in
this paper have, at one time or another, been
classified in half a dozen different neogastropod
families, from Fasciolariidae to Volutidae, through
Turridae and Turbinellidae, depending on the re-
lative importance given to such shell characters as
columellar plaits and subsutural concave sulcus, or
to anatomical characters when these became
known. No less than 10 nominal genera were
established to accomodate the fossil and Recent
species considered. Synonymies had already been

established among some of these nominal taxa.
Schematically, Exilia Conrad, 1860, Palaeorhaphis
Stewart, 1927, and Graphidula Stephenson, 1941
are currently used as valid genera for Late Creta-
ceous to Neogene fossils; and Surculina Dall, 1908
and Benthovolura Kuroda et Habe, 1950 are cur-
rently used as valid genera for Recent deep-water
species from middle to low latitudes. Each of these
nominal taxa has had a complex history of family
allocation, which has not facilitated comparisons
on a broader scale. Exilia and Benthovoluta are the
genera best known in the fossil and Recent litera-
ture, respectively. :

With the exception of Benthovoluta claydoni
Harasewych, 1987, which was taken in moderate
quantity in the 1980s as a by-product of shrimp
trawling off Western Australia, material of Bentho-
voluta and Surculina is rare in museum collections
and this, in turn, has not facilitated an analysis of
the systematics of the group, which can be sum-
marized as follows:

(1) At family level. At the time of its estab-
lishment by Kuroda and Habe [1950], Benthovoluta
was then classified in the family Volutidae. Based
on Habe’s [1952] very schematic illustrations of
the radula, it was transferred to Turbinellidae by
Kuroda [1965]. Harasewych [1987] described the
anatomy of B. claydoni and placed Benthovoluta in
the subfamily Ptychatractinae of the Turbinellidae.
Surculina was transferred from the Turridae to the
Turbinellidae by Rehder [1967].

(2) At genus level. Rehder [1967] discussed the
relationships of Benthovoluta with Surculina and
kept the two genera as valid, and this has been the
accepted genus-level taxonomy to this day.

(3) At species level. Thirteen Recent nominal
species have, at one time or another, been attributed
to Benthovoluta. Eight of these were transferred to
Cyomesus Quinn, 1981 [Harasewych, 1987], now
a synonym of Latiromitra Locard, 1897 |Bouchet
and Warén, 1985], or to other genera [Bouchet
and Kantor, 2000], and five species are currently
recognized as valid. In addition, four species are
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regarded as valid in Swrculing [Rehder, 1967; Cer-
nohorsky, 1973].

The present paper was prompted by the collec-
ting of new deep-water material attributable to the
“ Benthovoluta-Surculing” complex, which demon-
strates a more diverse range of shell shapes than
earlier described and provide new anatomical ma-
terial that permit a re-evaluation of genus-level
relationships. This has necessitated a review of
several Recent and fossil nominal genera with
slender fusiform shells and columellar folds. As a
result, we have found that Recent Benthovoluta is
not generically separable from Late Cretaceous to
Neogene fossils and that the oldest generic name
available for this group is £xifia. [n this paper, we
discuss the generic synonymy and justify the use
of Exilia and we describe the anatomy and revise
the species-Jevel systematics of the Recent taxa. A
revision of the species-level systematics of the fossil
taxa was outside the scope of our work.

Abbreviations and fext conventions: ace — onterior
oesophagus; asg — accessory salivary gland: cae — caecum
ol stomach; cme — cut mante edge; colun — columellar
muscle: ¢t — ctenidium; dd — dead collecied specimen:
ddg — duct of digestive gland: dg — digestive gland.
degl. — duct of gland of Leibiein: gl — gland of Leiblein;
hg — hypobrachizl gland; Iv — live collected specimen:
mee — mid-oesophagus: ne — nephridiunm, ng — neph-
richal gland: nr — nerve ning; od — odontophore. op
— opereudum: o8 — osphradivm, p — pews; poe —
posterior oesophaguis; pr — proboscis; prs — rhyncho-
dacum (= proboscis sheath); r — rectum: § — siphon:
sd — salivary duct. semgr — open s&nmumal groove,;
sem p — seminal papilia; sg — salivary glund; st —
stomach: t — head tentacle; tes — testis: vl — valve
of Leiblein: vodr - ventral odontophore retractor; vpr —
ventral proboscis setracter.

Repositories: AMNH — American Muscum of Natural
History., New York, AMS — Australian Museum, Sydney:
DMNH — Delaware Museum of Natural History, Green-
ville, USA. EASPU — Department of Earth and At-
mosperic Sciences. Purdue Univecsity, Florida, USA, MNHN
— Muséum national d’Histoire natwrelle, Paris; NM  —
Natal Museum. Pictermaritzburg, South Africa; NMNZ
— Museum of MNew Zeatand, Te Papa Tangarewa, Wel-
linglon, NZOl — New Zealand Occanographic Institute.
Wellington (now NIWA)Y, PRI — Paleontological Research
Institunion. Ithaca, USA: UCBMP — Museum of Pa-
lcontology.  University ol  California,  Berkeley, USA:
USGS — United Siates Geological Survey. USNM —
Natienal Muscum of Natural History, Smithsoman In-
sutunon, Washington. DC. USA; UWBM — The Burke
Musewn., University of Washington, USA: WAM — Wes.-
tern Australion Muscum.  Perth

The fossil and Recent
nominal genera

Genus Exilia Conrad, 1860

Exilia Conrad, 1860: 291.

Type species (by monotypy): Exilia pergracilis
Conrad, 1860, Midway Group, Eocene, Alabama,
USA (Fig. 1A-D).

Diagnosis: Shell narrowly fusiform, slender; aper-
ture narrowly elongated; anterior canal long, stra-
ight, and narrow; columella may be smooth or bear
one to four plaits of variable strength; surface with
well developed axial and spiral sculpture; proto-
conch smooth, paucispiral or multispiral, depen-
ding on the type of larval development.

Operculum from medium-sized with terminal
nucleus to very small with subcentral nucleus, or
absent. Proboscis very short, with basal buccal mass;
ventral odontophore retractor passing through the
nerve ring, single accessory salivary gland; large
and bulky gland of Leiblein; stomach with narrow
and long caecum; penis with seminal papilla sur-
rounded by a nearly circular fold. Rachidjan radular
teeth with breoad lateral flaps.

Remarks: Exifia is rather distinct from the other
known Recent genera of Ptychatractinae in its
generally narrow fusiform shell with long and stra-
ight siphonal canal. Specimens of £. expeditionis
may superficially resemble Metzgeria athba (Jeffreys,
1873), the type species of Metzgeria Norman, 1879;
the rachidian tooth of the radula of the latter, illus-
trated by Bouchet & Warén [1985; fig. 393], differs
by having no lateral flaps. Species of Exifin also
superficially resemble species of Exificidea Grant &
Gale, 1931, transfered from Buccinidae to Turbinel-
lidae by Bouchet & Warén [[988]. The anatomy of
Exilividea is not known but, judging from its radula,
it also belongs to Ptychatractinae. The very minute
size of the abbon (less than 140 pm in length) and
the narrowly arched, alimost wishbone-shaped, central
tooth, with socketed central cusps interlocking on
successive rows, are unique to this genus.

Anatomically Recent species of Exilia are rather
uniform, while they differ from other Ptychatrac-
tinae in having a large bulky gland of Leiblein, a
radula with rachidian teeth with broad lateral flaps,
a stomach with narrow and well pronounced cae-
cum, and a penis with seminal papilla surrounded
by a nearly circular fold.

The family allocation of Exilic has fluctuated
considerably unul quite recently. Conrad originally

PUC. t  Exifir: senopbic 1 30uUcRoBbIC nuaol u3 CepepHoit Anepusn. A-D. Exifia pergracitiv Conrad. 1860 Huskuué
30U¢H, rpynna Midway, n@nusu Oak Hill, Anabama. A-B. Mo Bemson, 1940: pl. |, figs 12-13 (UCBMP 11806).

27.9 wmm. C-D. Mo Bewson. 1940: pl L,

Mgs 9-10 {(UCBMP 11623). 148 mm. E. Exilia grocifenta {Mceck,

L876). Maactpuxr. rpynna Fort Pierre v dopmauma Fox Hills, Yellowstone River. MownTana lonoTun., no Meck
[1876: 364, fig. 43|, 22.5 mm. F-G. Evitia concellata (Wade, 1926). Maactpuxt. thopmaumn Ripley, Dave Weeks

place Ha Coon Creck, MeNaity County., TeHecew.

Conotin (USNM  32891), 38,7 wmm. H-l. Exilia pergracilis

(Wade, 1926) Maactpuxr, dopmauns Ripley, Dave Weeks place Ha Coon Creek, McNmry County, Tcheccu
Fomorun (USNM 32888). 48.1 mm. J-M. FExiia dickersoni (Weaver, 1912). Middle Eoccne, Cowlitz Formation,
Cowlitz River. Lower Cowlitz Valley. Washington J-K. USGS (85101, 43,1 mm. L-M. USGS 185102, 49,1 wmm
N-O. Exilin melanopsis (Concad, 1800}, Maastrichtian, Ripley Formation, Tennessec (USNM 32890). 78.1 mm
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FIG | Eviia Cretaceons and Eocene species from North America. A-D  Exdia pergractis Conrad. 1860, Lower
Eocene, Mhdway Geoup, near Oak Hill, Alabama. A-B. Specimen Husirited by Bentson, 1940: pl. [, figs 12-13
(UCBMP 11806), 279 mun C-D  Specimen illustrated by Bentson, 19200 pl 1, figs 9-10 (UCBMP 11623).
148 mm. £ Exilia gracdentss (Mceek, 1876). Maastvichtian, Fort Pierre Group and Fox Hills Formation. Yellowslone
River, Montana. Holotype, figure copicd from Meek [1876. 364, fig 45). 225 nmm F-G. Exilio cancellat
(Wade. 1926). Maastrichuian, Ripley Formation, Dave Weeks place on Coon Creek. McNairy County, Tennessee
Holotype (USNM 32891). 38.7 mun. H-l. Exilia pergracilis (Wade, 1926). Maastrichtian, Ripley Formation, Dave
Weeks place on Coon Creck., McNairy County, Tennessee  Holotype (USNM 32888), 481 mun. J-M. Exilio
thekersoni (Weaver, 1912). Mhddle Eocene. Cowlitz Formation, Cowlitz River, Lower Cowiitz Valley, Washington
J-K USGS 18510(. 43,0 nnm. L-M. USGS 185102, 491 mim. N-Q. Exilia melanopsisc (Conrad, 1860). Maastrichtian,
Ripley Formanon Tennessee (LUSNM 32890). 78 1 imm
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did not assign £xilia to any family, but later placed
it in the Pleurotomidae [= Turridae| [Conrad
1865]. This view was followed, e.g. by Stewart
[1927], Gardner [1933], Wenz [1943], and with
doubts also by Powell [1966]. Alternatively, the
genus has been classified in various buccinoid fa-
milies: Fasciolariidae [by, e.g., Hickman 1980],
Fusinidae [by, e.g., Bentson 1940], Buccinidae [by,
e.g., Thiele 1929] (however Thiele [1934] later
reassigned to FExilioidea the species that he had
included in Exilia), or Chrysodomidae [by, eg.,
Gardner 1916]. Deviating from these views, Max-
well [1988] correctly placed Exilia, together with
Graphidula, in the subfamily Ptychatractinae of the
Turbinellidae.

Conrad [1860] did not give a diagnosis of Exilia.
The short original description of the type species,
E. pergracilis, does not even mention characters
we would currently regard as diagnostic: “Narrow-
fusiform; volutions twelve, convex, with slightly
curved, numerous, narrow ribs, and fine closely
arranged revolving lines; spire rather longer than
aperture, first two whorls smooth; beak perfectly
straight, minutely striated to the extremity” [Con-
rad, 1860]. The protoconch is broken on Conrad’s
type specimen. Undamaged specimens of Exilia per-
gracilis, E. perkinsiana (Cooper, 1894), E. waihaoensis
Suter, 1917, and E. crassistria (Koenen, 1885) have
a multispiral protoconch of three smooth whorls
[Wade, 1926; Gardner, 1933; Bentson, 1940; Beu,
Maxwell, 1990; Maxwell, 1992]. Exilia dalli Suter,
1907 and E. wellmani Maxwell, 1988 from the Mi-
ocene of New Zealand have a paucispiral protoconch
of about 1.25 whortls with a large bulbous initial whorl
and weak axial costellae on the remainder 0.25 whorl
or less [Maxwell, 1988]. Similar differences in shape
and number of whorls of the protoconch in many
other groups of marine gastropods are correlated with
planctotrophic and lecithotrophic development res-
pectively. Mode of larval development alone is not
1o be regarded as a character of supraspecific impor-
tance [Bouchet, 1990].

The development of columellar plaits in Exilia
has been discussed by Vokes [1939], Stewart |1927],
Bentson [1940], and Maxwell |1988]. Examination
of a large number of specimens show that different
specimens of the same species, even from the same
locality, may have or lack columellar plaits; the
strength and number of columellar plaits may also
vary within species. On most species of Paleogene
Exilia from North America [ E. pergracilis, E. per-
kinsiniana, E. dickersoni (Weaver, 1912) (Fig. |
J-M), E microprygma (Gabb, 1864), and E. fausta
Anderson and Hanna, 1925], there are one or two
columellar plaits, if at all, represented by thin faint
threads hidden inside the aperture, or restricted to
the columella of juveniles. The high degree of
variability in number and strength ol columellar
plaits is confirmed in the Recent £. hilgendorfi
(Table 1). The adults lacking columellar plaits do
not have them in ontogenesis (see Fig. 4L). The-
refore, the columellar folds cannot be regarded as

a reliable diagnostic character ol Exilia at genus,
or even species, level.

The sculpture of E. pergracilis consists of narrow,
elevated, curved axial ribs and spiral cords, with
axials wider and more prominent than spirals, and
this sculpture is also characteristic of several other
Cretaceous and Paleogene species of Exilia [E.
cretacea Gardner, 1916, E. lincolnensis Weaver,
1916 (Fig. 2 H-K), E. melanopsis (Conrad, 1860)
(Fig. 1 N-O), and £. clarki Bentson, 1940]. Axial
ribs may also be nearly straight and widely spaced,
as in E. wellmani. In other species, such as F.
llajasensis Bentson, 1940, E. dickersoni, E. plana
(Kaunhoven, 1898), E. crassistria, and E. perkin-
siana, almost straight axial ribs intersect spirals
cords of equal or nearly equal strength, producing
a cancellate pattern. Finally, in species such as £
dalli, E. contigua (Beyrich, 1856), E. ottnangensis
(Hoernes, 1875) and £. attenuata Philippi, 1851,
axial ribs are dominating only on the early whorls,
and gradually become obsolete on adult whorls. In
fact, sculptural elements can also vary considerably
in shape and strength even within species. Onc of
the more remarkable example of such polymorp-
hism is £ bentsonae Hickman, 1980, from the
Upper Eocene Keasey Formation in Oregon, where
the variation in number and strength of axial ribs
and spiral cords sculpture result in two extremes,
one with only low arcuate axial ribs, as in “typical”
Exilia, and another with a row of heavy rounded
or elongated nodes along the periphery of the whorl,
with intermediate specimens connecting the two
[Hickman, 1980, plate 8, figures 5-11 (Fig. 2A-F),
specimens from Middle Eocene of western Kam-
chatka].

To summarize, the morphology of the proto-
conch, number and strength of columellar plaits
and sculptural details are extremely variable and
have little diagnostic value at generic level when a
range of fossil species traditionally assigned to Exilia
are considered. The only constant feature of Exifia
is the slender shape with straight, long, and narrow
siphonal canal and high spire. Spire angle among
Cretaceous and Paleogene Exilia from North Ame-
rica range from 22.5° (£. lincolnensis, Fig. 2 H-K)
to 28° (E£. cancellata) with much individual variation
within species. Height to width (H/W) ratio ranges
between species [rom 4.3 (E£. terebriformis) to 5.4
(E. ordita and E. pergracilis), and within species
from 4.9 to 5.4 (£. pergracilis). Shell shape and
sculpure in fossil Exilia are very similar to that of
a number of Recent and fossil genera, which we
treat as synonyms.

Synonyms (in chronological order).
Mitraefusus Bellardi, 1873: 204.

Type species (by monotypy): Fusus ordins Bel-
lardi and Michelotti, 1841, Miocene, ltaly (Fig. 3
F-H).

Remarks: When he established Mitraefusus, Bel-



Revision of Recent Exifia 85

F1G. 2 Exifia. Crelaceous and Temiary species from the noithern hemisphere and Antarclica. A-F. Exifia benssonue Hickman.
1980. Middle Eocene, Snatolskaya Formation, Tigil Region, Westem Kamchalka. A-B PRI 49417, 277 mm. C-D.
PRI 49418, 29.1 nun. E-F PRI 49419, 17.8 mmx G. Fxifie sp Upper Maastichuan, Lopez de Benodano Formation,
Seymour lIstand, Anwarctica. EASPU 1109, 188 mm. H-K  Exilia lincolnensis Weaver, 1916 Upper Eocene. Lincoin
Creck Formation, Porter Bluff, Washington. H-1. USGS 1729. 482 mm. J-K. UWBM (9936, 30.5 mn.

PUC 2 Exilia. MenoBsle # TpeTHuHble BuA W3 CES8ePHOrO RoAywapusi W AHTapkTiku. A-F.  Exilia  benisonue
Hickman, 1980. Cpeannii 3oueH, CHaTonbckasn dopmaumsl, paiioH Turmmas, 3anaaHass Kamuatka A-B. PRI 49417,
277 mm C-D PRI 49418, 29.1 mm. E-F. PRI 49419, 178 mm. G. Exilic sp. BepxHu#i MaacTpuxT. Popmauksl
Lopez de Bertodano, Seymoor Island, AutapkTika. EASPU 1109, 18,8 mm. H-K. Exific lncolnensis Weaver,
1916 BepxHuit 3ouen, dopmaums Lincolo Creck Formation, Porter Blull, Washington H-1. USGS 1726, 48.2
Ma. J-K UWBM 19936, 30,5 mum
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lardi placed it “provisionally” in the subfamily
Fusinae of the Muricidae. Fischer [1884: 672] and
Sacco [1893: 20) thought that M. orditus ressembled
species of Rostellaria [= Tibia] and classified Mit-
raefusus in Strombidae. However Bellardi’s illust-
ration [1873: pl. 11 fig. 1, this paper Fig. 3 F] is
idealized, as stated by Sacco [1904: 27 “un po’
troppo manierata”, i.e. too much retouched]. Sacco
[1904, pl. 8, figs. 1-3] gave new illustrations of all
the syntypes, of which one is reproduced herein
(Fig. 3 G-H). Only one other species M. ofttnan-
gensis Hoernes, 1875, was ever referred to Mitra-
efusus. The outline of the slender fusiform shell
(H/W = 54) of M. orditus is similar to that of F.
pergracilis. The sculpture consists of narrow, oblique
axial ribs and fine spiral striae and is similar to
that of E. graphiduloides sp. nov. and EXxilia dic-
kersoni (Weaver, 1912) (Fig. | L-M). Columella
without plaits.

Mitraefusus was already synonymised with Exilia
by Cossmann [1901: 26], and this has been followed
by subsequent authors [Sacco, 1904: 27, Bentson
1940, Wenz, 1943]. Although we have not been
able to examine material of the type species, judging
from the illustrations of syntypes [Sacco, 1904 pl.
8, figs. 1-3; Ferrero Mortara er al., 1982: pl. 7 fig.
7] we accept this synonymy.

Mesorhytis Meek, 1876: 356 (new synonym).

Type species (by original designation): Fascio-
laria? (Mesorhylis) gracilenta Meek, 1876, Maast-
richtian [Late Cretaceous], Montana, USA (Fig.
1E).

Remarks: Mesorhytis was originally established
as a subgenus of Fasciolaria, although Meek [1876]
already 1n the original description expressed doubts
as to the correct family position. The holotype
seems to be the only known specimen and the
original illustration depicts a reconstructed speci-
men. Subsequently, Dall described the Recent Fas-
ciolaria (Mesorhytis) meekiana Dall, 1889 [currently
Latiromitra meekiana, see Bouchet and Kantor
(2000)] and Fasciolaria (Mesorhytis) costatus Dall,
1890, both from deep water in the Caribbean, and
Wade [1926] described from the Ripley Formation
of Tennessee Mesorhytis obscura (Fig. 4E-F) [later
transfered to Graphidula by Sohl [1964]; see dis-
cussion below under Graphidula]. Mesorhytis was
treated as a subgenus of Vexillum (family Costel-
lariidae) by Wenz [1943], and Cernohorsky treated
it successively as a genus of Vexillinae [= Costel-
lariidae] [Cernohorsky 1970: 52] and a member of
the Fasciolariidae |Cernohorsky 1972: 218].

The slender, fusiform shell (H/W = 3.3) of the
type species and jts sculpture consisting of narrow,
straight axial ribs and fine spiral striae are very
similar to those of Recent Exilia. The columella
of the holotype of the type species has three
moderately strong plaits, but there is insufficient
material to evaluate the variation of this character.

The spire angle of Fasciolaria? (Mesorhytis) graci-
lenta reaches 32° (according to the original desc-
ription), which exceeds only slightly the angle of
species already attributed to Exilia, but does not
affect the overall shell proportions.

Based on similarity of shell characters we sy-
nonymize Mesorhytis with Exilia.

Surculina Dall, 1908: 260 (new synonym).

Type species (by original designation): Daph-
nella (Surculina) blanda Dall, 1908; Recent, Gulf
of Panama (Fig. 27 J-K).

Remarks: Surculina was originally established
as a subgenus of Daphnella and classified in the
family Turridae. Beside the type species, Dall ini-
tially also included in it Daphnella (Surculina)
cortezi Dall, 1908, for which he later [Dall 1918}
erected the genus Phenacoptygma. Grant and Gale
[1931] considered Surculina a subgenus of Leuco-
syrinx. Powell [1942] followed this allocation, pla-
cing the group n the subfamily Cochlespirinae
(Turridae), but later [Powell, [966] transferred
Surculina to Daphnellinae. Rehder |1967] consi-
dered S. cortezi to be congeneric with S. blanda,
thus synonymizing the two nominal genera of which
they are type species and, based on the radula of
S. cortezi, transferred Surculina to Turbinellidae.
Rehder compared Surculina with Benthovoluta, but
kept them separate.

Surculina has remained little known. The type
species is conchologically very similar to two spe-
cies, described herein, E. vagrans sp. nov. and E.
kiwi sp. nov., the anatomy of which undoubtedly
proves their placement within Exilia. Both Surcu-
lina blanda and E. kiwi lack an operculum, but
the presence of an operculum is variable even within
the species. For instance, in £. vagrans sp. nov.,
some specimens have a very small operculum, while
most specimens do not have an operculum at all.
The small operculum (Fig. 7G) occupies 15% of
aperture height and the nucleus is subcentral, while
in the other species of Exilia in which an operculum
is present, it occupies 30% (a significant part of
the operculum is usually corroded) to 60% of
aperture height and the nucleus is terminal. Thus,
absence of operculum in the type species of Sur-
culina cannot be regarded as a generic character.
The absence of columellar folds in Surculina is not
of great importance either, as in some species of
Exilia they are absent, or their presence may be
infraspecifically variable. Therefore we consider
Surculina a synonym of Exilia.

Phenacoptygma Dall, 1918: 138 (new synonym).

Type species (by original designation): Daph-
nella (Surculina) cortezi Dall, 1908; Cortez Bank,
Recent (Fig. 27 D-E).

Remarks: This monotypic genus, proposed by
Dall without diagnosis or description, was classified
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FIG. 3 Exliac A-E. Crelaceous ond Eocene specics

from Nonh Amecnca: F-H. Miocene species from Europe.
A-E. Exilia pergracitis (Aldrich, 1886), typc-species of  Paleeorhaphis. Lower Eocene, Wilcox Group, Gregg’s
Landing, Alabama. A. Figuwe copied from Hamvis (1899: pl. 4. fig. 10). 39.2 mm B-C UCBMP 32447, 39.7
mm D-E. UCBMP 32448, 36.0 min. F-H. Exiliv ordita (Bellardy and Michelotti, 1841), 1ype specics of Mitruefusus.
Miocene, Colli Torinesi, ltaly. F. Copied from Bellardi (1873 p) 1l fig 1), 66.7 mm G-H Syntype BS.009.15.01,
Museo Regionale di Scienze Natworali. Torino, 445 mm |copied from Fcrrero Mortara er of., 1982, pl. 7, Gg. 7]

PUC 3 Exilic: A-E. Menoevle u 3ouchHossle sunhl U3 CesepHodl Amepuru, F-H muouenoBwiii s w3 Esponsi.
A-E. Exuia pergrocilis (Aldrich. (886), rnnosod Bul Palueorhuphis. Huxdanéi soucH. rpynna Wilcox, Gregg's
Landing, Anaduma. A Mo Harris (1899 pl. 4, Gg. 10), 39,2 mm. B-C. UCBMP 32447, 39,7 um D-E. UCBMP
32448, 36,0 mm. F-H. Exilia orditu (Bellardi and Michelowi, 1841), tunoson sua Muraefusus. Muouwen, Colli
Torinesi, Wranun. F Tlo Bellardi (1873 pl. 11 fig. ), 66,7 mm. G-H. Cvirtyn BS.009 15.0), Museo Rcgionale
di Scienze Nawurali, Typur. 44,5 mm [no Feriero Monam e/ of, 1982, pl. 7, Ng. 7)

in the Volutidae, 3 position followed by Oldroyd
[1927]).

In the onginal description of the type speces,
Dall mentioned that the animal has no teniacles,
eves or snout, nor operculum. This statement is
very confusing, since the only neogastropod known
that Jacks head tentacies is Olivelia (Olivellidae)
[Marcus, Marcus, (959; Kantor, 1991| and Dall’s
statement needs confirmation. The radula of Sur-
culina cortezi [Rehder, 1967] is typical for Exilia.
Rehder [1967] considered S. cortezi congeneric with

S. blanda, thus synonymizing Phenacopiygmna with
Surculina, and placed Surculina in the family Tur-
binellidae.

The name Phenacopiygma has been carely used,
but Kuroda [1931) described Phenacoprygma? kis-
ense |= Voluta hilgendorfi Mantens, 1897].

Zexilia Finlay, 1926: 506.

Type species (by original designation): Exilia
waihaoensis Suter, 1917, Eocene, New Zealand
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Remarks: Finlay established Zexifia for Exilia
dalti Suter, 1907, E. crassicostaia Suter, 1917, and
E. waihaoensis Suter, 1917, all from the Tertiary
of New Zealand, and piaced it in the flamily
Fusinidae. He did not discuss in any detail the
differences between Zexilia and Exilia, and appa-
rently introduced Zexilia on his assumption of a
different evolutionary history for the New Zealand
fauna. The resemblance of species of Zexifia to
American and European species referred to Exilia
was already noticed by Finlay and Marwick [1937],
but they retained the name Zexilia until additional
information would become available. Maxwell
[1988| pointed out that shell shape, sculpture and
protoconch characters of New Zealand species fall
within the range of American and European species
of Exilia and concluded that the differences are
“deemed insufficient to warrant even subgeneric
separation” and synonymized Zexilia with Exilia.
We follow Maxwell’s conclusion.

Palaeorhaphis Stewart, 1927 419 {(new synonym).

Type species (by original designation): Fascio-
laria pergracilis Aldrich, 1886, Eocene, Alabama,
USA (Fig. 3 A-E).

Remarks: In the original description of Palaeo-
rhaphis, Stewart [1927] expressed his difficulty “to
choose hetween the Mitndae and the Fasciolari-
dae”, but tentatively allocated the genus to the
former. Palacorhaphis has subsequently been con-
sidered a member of the Turcdae by Thiele [1929]
and Wenz [1943], but Powell [1966] had excluded
it from this family and suggested instead a position
in the Volutidae or the Mitridae. Bentson [1940]
discussed the relationships of Palaeorhaphis and
concluded that it is distinct from Exifia, by her
classified in the Fusinidae. She admitted, however,
that the general shell cutlines of these two nominal
genera, characterized by a slender, lusiform shape
and straight, narrow anterior canal, are nearly
identical, as are their protoconchs consisting of 3
smooth whorls. {Indeed, rhe similarity extends 1o
the specific epithets, and the names of the type
species of Palaeorhaphis and Exilia have occasio-
nally been confused [ De Gregorio, 1890].) Bentson
[1940] further noted that the shell of Palaeorhaphis
15 “proportionally heavier and stouter” than in
Exilia.

The height to width ratio of specimens of P.

pergracilis Aldrich examined by us ranges from 4.3
te 4.6 and their spire angle is 25° to 267, which 13
well within the range of species attributed to £xifia.
The siphonal canal is wider at its base and narrows
more gradually than in most species of Exilia, but
similar variations in width of siphonal canal are
observed n £ dickersoni and £. bentsonae, where
specimens with abruptly and gradually narmowing
siphonal canals were found within the same popu-
lation. Shells of larger specimens of Palaeorhaphis
pergracilis appear somewhat thicker than the shells
of species of comparable size attributed to £xifia,
but this can hardly be viewed as a diagnostic
character. The sculpiure of Palaeorhaphis consists
of straight axial ribs, well developed on the early
spire whorls and becoming completely or almosi
completely obsolete on the last whorl, where the
sculpture is dominated by wide, flat cords separated
by narrow grooves. This sculpture is not typical of
American species of Fxifia, but is similar to that
of European fossil species and is common among
Recent species formerly referred to Benthovoluta.

Synonymizing the monotypic genus Palaeor-
hophis with Exilia makes Palaeorhaphis pergracilis
(Aldrich) a secondary homonym of Exilia pergracilis
Conrad. As there may well be a junior synonym
the name of which can be used as a substitute, we
do not propose a new name.

Graphidula Stephenson, 1941: 345
{new synonymy).

Type species (by original designation): Graphi-
dula terebriformis Stephenson, 1941, Maastrichtian
[Late Cretaceous|, Texas, USA (Fig. 4 A-D).

Remarks: When he established the genus Grap-
hiduta, Stephenson [1941] also made it the type
of a new family Graphidulidae, which he placed
between the Buccinidae and the Volutidae. and
which was later placed in synonymy of Fasciola-
riinag by Sohl [1964]. The shell proportions of
Graphiduta (H/W ratio 4.1-4.9, spire angle 20°-26%)
fall well within the range of variation of Exilia.
The protoconch of the type species consists of 2
to 2.5 smooth whaorls [Stephenson, 1941]. Colu-
mellar plaits, when present, are very narrow and
widely spaced, and usually c¢oncealed inside the
aperture. The sculpture of the type species consists
of narrow, almost straight, and closely spaced axizl
ribs, intersected by weaker, broad, flat spiral cocds.

PUC. 4. Exitia: Menopsbie (A-D; E-F) puabl 13 CeBepHOW AMEpHKH B CPaBHEHMK ¢ cappemedHuim (G-1)  A-D.

Exitia rerebriformis Siephenson, 1941, vunopod sua Grophidule. A-B. MaacTpuxr. Nacatoch Sand, okono Chatlieid,
Navarro County, Texas. [oaotun (USNM 77083), 460 mm. C-D. Maactpuxr. <hopmaunsn Ripley, Coon Cieck
Tongue. Kk cesepy oF naoTuHe Unian County Lake, Union County, Muccucewnnu, ne Sohl, 1964 pl. 28, fig.
24, 2% (USNM 130341), 18.6 mm. E-F. Exifia obscura (Wadc, 1926). Tonorun of Mesorkyiis obscura Wade.
MaacTpuxy, dopmaunn Ripley, McNany County, TerHecH., ne Wade [1926° Plate XLVI, figs. 2, 6]. G-I Exilia
graphiduloides sp. nov. (G, H — sksesmanspbl HansineHsl AByokucsid sarHua). G. Hosas Kancaownusr (BATHUS
4, cT. DW920), 610-620 M, 35.0 mm H. Hoeas Kangaonus {BATHUS 4, ct. DW92I), 610-613 M, 28.5 mm.
I. Maparun, Hosasn Kanepodws, 550 » (MUSORSTOM 4 sia DWI9T), 35,2 mm. Bee pakosuib & oanom
MacwTabe.

J-M. PaxouuHkr paszauvHuix ops £ Aidgendorfi © penTrerosckmnx Ayvax. J-K — monynauMu w3 C.-3.0 UUCTH
HMnguiickoro okeana;, L, M — raybokonoaHeie nonyaaudu M3z Hosel Koacaonun, @uawm w Todra (pakonuxa
Ha Puc. M — oM. Puc 1900
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FIG. 4. Exilia: Cretaceous (A-D: E-F) species from North Amenca in comparison with the recent one (G-1)
A-D Exilia terebriformis Stephenson, 1941, (ype-species of Graphudule A-B  Maastrichtian, Nacatoch Sand. near
Chatfield. Navarro County, Texas. Hololype (USNM 77085), 46 0 mmy C-D. Maastrichtian, Ripley Formation.
Coon Creek Tongue, north of dam of Union County Lake, 1.1 miles northeast of Pleasant Ridge, Union
County, Mississippi. Specimen (igured by Solhl, 1964' pl 28, fig. 24, 25 (USNM 130341), 186 mm. E-F. Exilia
obscura (Wade, 1926) Rololype of Mesorhytis obscura Wade. Maastrichtian. Ripley Formation, McNairy County,
Tennesy. Copied from Wade [1926: Plate XLVI, figs. 2, 6], G-|. FExilia graphiduloides sp nov (G. H -
specimens coated with magnesium oxide). G New Caledonia (BATHUS 4, sta DW920), 610-620 m. 350 mm
H. New Caledonia (BATHUS 4, sia DW92)), 610-613 m. 285 mm | Paratype, New Caledoma, 550 m
(MUSORSTOM 4 sta DWI97), 352 mm. All shells at (he same scale,

J-M. Shells of different forms of £ hilgendorfi in X-rays. J-K — popualions Jrom the Sounth-West Indian
Ocean; L, M — deep-water populations from New Caledonia, Fiji and Tonga (shell on Fig. — sce Fig 190)
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In G. melanopsis (Conrad, 1860) (Fig. 1 N-O) and
G. pergracilis (Wade, 1926) [original binomen Pi-
estochilus pergracilis, Fig. | H-I], there is a sculpture
of strong, curved axial ribs and fine spiral cords,
which is most similar to the sculpture of fossil
species traditionally attributed to Exilia. Finally, in
species such as G. cancellata (Wade, 1926) [original
binomen Piestochilus cancellata) (Fig. 1 F-G) and
G. obscura (Wade, 1926) [original binomen Me-
sorhytis obscural (Fig. 4 E-F), axial ribs and spiral
cords of equal strength form a cancellate pattern.
This range of sculpture types parallels that observed
in Exilia. The resemblance between Graphidula and
Exilia was already noticed by Maxwell [1988] and,
based on our comparison of a broad range of
nominal species traditionally allocated in the two
genera, we consider Graphidula a synonym of Ex-
ilia. The Recent E. graphiduloides sp. nov. (Fig. 4
G-1) combines a shell sculpture typical of Graphi-
dula (compare with Fig. 4 A-D, E-F) and an
anatomy that unequivocally places it in the same
genus as the other Recent species of FExilia.

The synonymization of Graphidula, Palaeorhap-
his and Exilia makes Graphidula pergracilis (Wade,
1926) [original binomen Piestochilus pergracilis],
from the Maastrichtian of Tennessee, a secondary
homonym of EXxilia pergracilis Conrad, 1860 and
Fasciolaria pergracilis Aldrich, 1886. The consequ-
ence of the generic synonymy is also that the family
Graphidulidae Stephenson, 1941 becomes a sub-
jective synonym of Ptychatractinae Stimpson, 1865.

Sohl [1964] reassigned 1o Graphidula some spe-
cies formerly classified in Piesrochilus Meek, 1876
and even discussed Piestochilus as a possibly senior
synonym of Graphidula. However, the general
shape (H/W ratio 2.3 to 2.6, spire angle 43°),
smooth shell, and short and moderately wide sip-
honal canal of P. scarboroughi (Meek and Hayden,
1857), the type species of Piestochilus, clearly se-
parate it from species currently allocated to Grap-
hidula ov Exilia.

Benthovoluta Kuroda et Habe, 1950: 37
(new synonym).

Type species (by original designation): Phena-
coprygma kiiensis Kuroda, 1931 [= Voluta hilgendorfi
Martens, 1897], Recent, Japan (Fig. 14).

Remarks: Benrhovoluta was originally described
as a genus of the family Volutidae. Based on Habe’s
[1952] very schematic illustrations of the radula, it
was transferred to Turbinellidae by Kuroda [1965].
Harasewych [1987] described the anatomy of B.
claydoni Harasewych, 1987 and placed Benthovoluta
in the subfamily Ptychatractinae of the Turbinel-
lidae. Strangely, however, Benthoyvoluta has still
recently been considered a volutid by Noda [1988].

As currently understood, Benthovoluta contains
four Recent nominal species, of variable shell shape
and sculpture, ranging from broad forms with H/W
ratio of 2.9-3.1, spire angle of 37°-40° gently

narrowing siphonal canal, to narrow, slender forms
with H/W ratio of 4.0-4.2, spire angle of 24°-27°,
and narrow rapidly tapering siphonal canal. Axial
sculpture consists of straight, rounded, or roundly
angular ribs, which may be well developed to
obsolete on the last whorl. Spiral sculpture consists
of broad flat cords, separated by incised lines,
similar to what is found in Palaeorhaphis, or of
narrow, rounded cords separated by grooves of
similar width. In some specimens the axial sculpture
is distinctly stronger, but in others the spiral scul-
pture dominates, especially on the last whorl. The
protoconch is paucispiral and consists of 0.75 to
1.5 smooth whorls. The number of columellar plaits
ranges from none to 4 in different specimens of
the same species. Despite considerable variation in
shell shape and sculpture, all specimens of Recent
species attributed before this study to Benthovoluia
fall within the range of shell shape and sculpture
of fossil taxa currently allocated to Exilia. The
anatomy and radula of, e.g., £. hilgendorfi and E.
graphiduloides sp. nov., confirm that they are con-
generic despite rather different shell types.

Kuroda and Habe designated Phenacoptygma
kiiensis as the type species of Benthovoluta, but
mentioned V. hilgendorfi as its senior synonym,
thereby suggesting that they perhaps considered
this synonymy doubtful.

Chathamidia Dell, 1956: 118 (new synonym).

Type species (by original designation): Chatha-
midia expeditionis Dell, 1956, Recent, Chatham
Rise, New Zealand (Fig. 26).

Remarks: The shell of the type species of this
nominal genus is least similar to that of species
attributed to Exilia. It is rather broad, H/W ratio
ranging from 2.4 to 3.0 and spire angle from 45°
to 56.5°, thus with shell proportions closer to those
of Piestochilus. The siphonal canal s long, but
broad, and tapering rather gradually, and the spire
is shorter than-in all the nominal genera discussed
above. The axial sculpture consists of broad, straight
rounded ribs which can be reduced to axially
elongated shoulder knobs, similar to those in £.
bentsonae; these axial elements are crossed by nar-
row, rounded spiral cords, separated by thin incised
lines, as in some species allocated to Benthovoluta,
Exilia, and Palaeorhaphis. Chathamidia was origj-
nally described in the family Muricidae, but was
synonymised with Swrcuiing and placed in the
subfamily Ptychatratinae of the Turbinellidae by Cer-
nohorsky [1973]. The anatomy of Chathamidia ex-
peditionis s very similar to that of Recent species
traditionally allocated to Benthovoluta and confirms
that Chathamidia should be synonymised with Exilia.

Distribution of Exilia

Maastrichtian — eastern, southeastern and cen-
tral United States (Maryland, New Jersey, Ten-
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Ocean, western Australia, southern Japan, Philip-
pines, eastern Australia (Queensland), Vanuatu,
New Caledonia, Fiji; Tasman Sea, New Zealand
(Chatham Rise and Bounty Trough); Panamanian:
off southern California, Gulf of Panama, and Gala-
pagos Islands.

Paleoecology and biogeography (Fig. 5): Fossil
occurrences of the genus Exilia indicate a cosmo-
politan distribution during the Late Cretaceous and
Cenozoic. Exilia is known from Upper Cretaceous
through Neogene deposits from various parts of
the world except South America and Africa, which
is probably a reflection of insufficient studies of
Cretaceous and Tertiary mollusks in these regions.
The majority of Cretaceous records are from the
European and American provinces [Gardner, 1916;
Wade, 1926; Sohl, 1964, 1967; Erickson, 1974;
Abdel-Gawad, 1986], which were near the southern
border of the North Temperate realm during the
Late Cretaceous [Kauffman, 1973; Sohl, 1987].
Single occurrences are known in Sakhalin, western
Australia and western Antarctica [Hayami, Kase,
1977, Darragh, Kendrick, 1994], which suggests
that Exilia was widely distributed in both North
and South-Temperate realms at the end of the
Cretaceous. Cretaceous (mostly Maastrichtian)
species occur in shallow environments (upper and
middle shelf depths) both in carbonate and silicic-
lastic rocks, containing abundant and diverse mol-
lusc assemblages indicative of a warm-temperate
environment during deposition. Scattered Paleoce-
ne localities are from North- and South-Temperate
realms [Bentson, 1940; Kollmann, Peel, 1983; Beu,
Maxwell, 1990] and, based on the co-occurrence
with other groups of macro- and micro-fossils, the
deposits where Exilia occurs are interpreted as
warm-temperate. The first relatively deep-water
(lower shelf to bathyal) occurrences of Exilia are
from the Late Eocene [Hickman, 1980; Beu &
Maxwell, 1990; Maxwell, 1992] both in North-
and South-Temperate realms. Miocene Exilia are
known from shallow to deep shelf environments of
northern to southern Europe [Janssen, 1984; Fer-
rero Morrata et al., 1981] and from the bathyal
deposits of New Zealand [Fleming, 1966; Beu,
Maxwell, 1990]. Today the genus is confined to
bathyal depths at tropical latitudes and in the New
Zealand region.

It is noteworthy that Eocene representatives of
the genus had multispiral protoconchs, indicating
planktotrophic larval development, while Neogene
to Recent taxa have paucispiral protoconchs, in-
dicating non-planktotrophic larval development.

The anatomy of FExilia

Beside sketches of the radula of a couple of
species now attributed to Exifia [Habe, 1952, Reh-
der 1967], the only data on the anatomy of Exifia
are those published by Harasewych [1987] for
Benthovoluta claydoni [here treated as a synonym

of Exilia hilgendorfi]. In this study, we describe the
anatomy of five species of Exilia and present illus-
trations of the radula of a sixth species.

Exilia hilgendorfi

Five specimens were dissected, two from po-
pulations from off Madagascar (Mascareignes 11
sta. 63, sta. 80), two from off New Caledonja
(deep-water form from BIOGEOCAL sta. CP297
and shallow-water form from BATHUS 3 sta.
DW?776), and one from Tonga (BORDAU 2 sta.
DWI1558). In addition, the radula of a paratype of
Benthovoluta gracilior (USNM 238408; Fig. 16
C-D), from the Philippines, was prepared from the
dried soft parts retracted deep into the shell. The
description of the anatomy is based on the specimen
from Mascareignes II sta. 80, which has a shell
height of 81.6 mm; last teleoconch whorl height
52.0 mm; aperture height 24.6 mm; siphonal canal
length 19.0 mm; shell diameter 20.4 mm.

External anatomy (Fig. 6 A-B): The posterior
coils of the body above the stomach were torn off
during extraction from the shell. The remaining
part consists of 2.5 whorls, the mantle spans one
whorl, and the nephridium 0.75 whorl. The pale
yellowish body lacks pigmentation. The small, oval
operculum (Fig. 6F), occupying 36% of aperture
height (but part of it is missing), is semitransparent
yellowish-brown, with the columellar muscle at-
tachment extending along 2/3 of its length. The
foot is moderately long (L/W = 2.0). The siphon
is rather long. The thin columellar muscle has two
deep grooves corresponding to the columellar plaits.
The mantle is thin and covers partly the head and
completely the penis; the mantle organs are clearly
visible through it. The head is narrow and long.
The tentacles are rather long, with medium-sized
eyes at the base. The axial lamellae of the neph-
ridium are clearly visible through its wall.

Mantle: The ctenidium, with high hanging le-
aflets, 1s very long and narrow (L/W = 7.5), and
occupies 80% of mantle length. The osphradium
is very large, 0.75x as long and 1.5x as wide as the
ctenidium; it is asymmetrical with the right side
1.5x as broad as the left. The hypobranchial gland
is covered with a thick mucus layer and is trans-
versely plated. The anal gland was not found.

Digestive system: The organs of the body ha-
emocoel are compactly packed. The contracted
proboscis is very short, about 2 mm long (8% of
aperture height), smooth and tapering towards the
tip; it occupies about 1/3 of the rhynchodaeum
(Fig. 6C). The thick-walled rhynchodaeum (=
proboscis sheath) is lined with a tall epithelium.
The medium-sized, unpaired, branching, ventral
proboscis retractor is attached dorsally to the an-
teriormost part of the rhynchodacum (Fig. 6C,
vpr). However, in the specimen from deepwater
off New Caledonia, the retractors were paired; in
the specimen from shallow water off New Caledo-
nia there were also smaller, paired retractors at-
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FIG. 6. Anatomy of Exilia hilgendorfi. A-F. Male specimen from South West Indian Ocean, Mascareignes 11, sta.
80, shell height 81.6 mm. A-B. Body., removed from the shell. C. Organs of the body haeinocoel, expanded
(rhynchodaeum opened to show the proboscis; the gland of Leiblein rotated, to show the duct). D. Outer view
of the stomach. E. Tip of the penis. F. Operculum. G. Opercutum, specimen from SW Indian Ocean. Muscareignes
1, sta. 75. shell heigth 81.8 mm; scale as in Fig. F, the dashed line indicates the place of attachment of the
columellar muscle. H-1. Specimen of the “shallow-water” form from New Caledonia, BATHUS 3, sta. DW776.
shell heigth 25.6 mm. H. Operculum. [. Outer view of the stomach. Abbreviations: see p. 2.

PWC. 6. Anatomusa Exilia hilgendorfi. A-F. Cameu u3 10.-3. uvactu Wuaniickoro okeana, Mascareignes 11, c1. 80,
BbicOTa pakoBuHbl 81,6 mMm. A-B. Teno, wusBiaedeHHoe W3 pakosuHbl. C. PacrnpapfieHHble OpPraHbl TYJI0BMUIHOTO
reMouenst (PUHXOAEYM BCKPLIT, 4YTOOLI TOKA3aTh XO00OT, ene3a JleitbnelHa MOBEPHYTA, UTOOLI NOKA3aTh MNOPOTOK).
D. XKenynok cHapyxu. E. [lenuc. F. Kpbiweuka. G. Kpeiineuyka sk3eMmisipa 43 10.-3. vacth  HMHaudickoro
okeaHa, Mascareignes 11, cr. 75, Bbicota pakoBuHbl 81,8 MM; MacwTa® kak Ha puc. F, NyHKTHPHON nuHHUei
00O03HAYCHO MECTO NPMKPENNEHUS KOAYMEIIpHOro myckyaa. H-1. Bksemnasp “menkosoanon” d¢opmbl 13 Hoboit

Kanenonwn, BATHUS 3, c1. DW776, sbicota pakosuHbl 25,6 mm. H. Kpbrweuka. |. XXenyaok cHapyxu. O603HauerMst

cM. cTp. 2.
tached laterally, in addition to the single branching daeum takes part in proboscis evertion, and when
retractor; while in the specimen from Tonga the the proboscis is completely everted these retractors
left retractor was more developed than the right are attached to the inner wall of proboscis. The
one. The attachment of the muscles to the anterior large, muscular buccal mass equals the proboscis

rhynchodaeum indicates that the whole rhyncho- in length and projects beyond the rear of the
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retracted proboscis (Fig. 6C, od). The radular
diverticulum opens in the buccal cavity at the base
of the proboscis. The thin buccal tube runs along
nearly the whole length of the proboscis. The short
and globular odontophoral subradular cartilages are
paired, not fused anteriorly. The thin ventral odon-
tophoral retractor passes through the nerve ring
(Fig. 6C, vodr), follows the bottom of the cephalic
haemocoel and joins the columellar muscle.

The radula (Fig. 12C) is about 2.1 mm long
(2.5% of shell height and 8.5% of aperture height)
and about 250 um broad (0.3% of shell height and
1.0% of aperture height), and consists of about 70
transverse rows. The rachidian teeth have a slightly
arched basal part with broad lateral flaps and bear
3 sharp cusps, with somewhat attenuated tips, that
emanate from the anterior edge of the basal part.
The central cusp is slightly shorter and narrower
that the lateral ones. The lateral teeth are unicuspid,
with a short base measuring in length about 42%
ol the rachidian width.

After leaving the proboscis the oesophagus forms
a rather long loop before opening into the valve
of Leiblein. This part of the oesophagus, repre-
senting the anterior oesophagus (Fig. 6C, aoce), is
thick anteriorly, but later very thin and semitrans-
parent. Between the valve and the opening of the
gland of Leiblein, the oesophagus is rather widened
and apparently glandular. This part, representing
the mid-oesophagus (Fig. 6C, moe), is medium
short, measuring about 2x proboscis length. The
valve of Leiblein is large, much broader than the
oesophagus, and pyriform. The posterior oesopha-
gus is very narrow (Fig. 6C, poe), runs along the
left side of the gland of Leiblein, and opens into
the stomach. The gland of Leiblein is very large,
uniformly light-yellowish in preserved specimen. ]t
is massive anteriorly, and posteriorly tubular and
tapering. The gland opens into the oesophagus by
a very short duct.

The paired, rather compact, acinous, salivary
glands are approximately equal-sized, and situated
on both sides of the valve of Leiblein, partially
covering it. The right gland is thinner than the left
one. Immedijately after leaving the glands the sa-
livary ducts enter the walls of the oesophagus in
front of the valve of Leiblein. There is a small
oval-shaped accessory salivary gland, partially em-
bedded in the right salivary gland (Fig. 6C, asg).

The stomach is medium-sized in comparison
with the anterior foregut, and is furnished with a
well-developed, long and narrow caecum (Fig. 6D).
The fixation of the specimen did not permit an
examination of the inner anatomy of the stomach.
Judging from the outside, the stomach opens near
the oesophagus opening to the digestive gland
through a single large duct.

Male reproductive system: The seminal vesicle
is short, forming very few loops. The pallial part
of the genital system consists of a straight duct
running on the floor of the mantle cavity, forming
a muscular open seminal groove at its mid-length.

The groove runs anteriorly to the base of the long,
dorso-laterally compressed penis and then along
its inner lateral edge to the distal end; there it
passes along the ventral surface of the penis, and
along the edge of a nearly closed fold surrounding
the seminal papilla, then to the base of the papilla
and finally to its tip (Fig. 6E).

Remarks: The external anatomy and foregut
were very similar in all studied specimens. The
differences concern mainly the proportions of the
radula and operculum, which, in fact, largely de-
pend on the age of the animals as the operculum
tends to be corroded in large specimens.

The second specimen from Madagascar (Mas-
careignes [[, sta. 63) has a shell height of 74.5 mm;
last teleoconch whorl height 49.0 mm; aperture
height 21.4 mm; siphonal canal length 19.0 mm;
shell diameter 17.5 mm. The small operculum
occupies 30% of aperture height, but its lower part
is missing. The radula (Fig. 11 A-B) is about 2
mm long (2.7% of shell height and 9.3% of aperture
height) and 280 um broad (0.57% of shell height
and 1.30% of aperture height), and consists of
about 85 rows of teeth. The rachidian teeth bear
3 thick cusps, distinctly tapering at their tips. The
base of lateral teeth measures in length about 52%
of the width of the rachidian.

The specimen from deep-water off New Cale-
donia (BIOGEOCAL, sta. CP297) has a shell
height of 65.4 mm; last teleoconch whorl height
43.6 mm; aperture height 21.4 mm; siphonal canal
length 15.0 mm; shell diameter 19.2 mm. The
operculum occupies 40% of aperture height. The
radular ribbon (Fig. Il C-D) is about 2.2 mm long
(3.4 % of shell height and 10.3% of aperture height)
and 320 um broad (0.48% of shell height and 1.49%
of aperture height), and consists of about 65 tran-
sverse rows. The rachidian teeth bear 3 narrow
sharp cusps, the central one nearly twice as long
as the lateral ones. [t is slightly recurved and
occasionally has a small serration at its mid-length.
[A very similar rachidian tooth was illustrated by
Harasewych 1987: fig. 17 for B. claydoni]. The
lateral teeth have a long base, measuring in length
about 65% of the width of the rachidian.

The specimen from more shallow water off New
Caledonia (BATHUS 3, sta. DW776) has a shell
height of 25.6 mm; last teleoconch whorl height
17.5 mm; aperture height 7.0 mm; siphonal canal
length 6.0 mm; shell diameter 8.4 mm. Its oper-
culum (Fig. 6H) is large, narrow-oval, and occupies
60% of the aperture height. The radula (Fig. 11
E-F) is about | mm long (3.9 % of shell height
and 14% of aperture height) and 210 um broad
(0.82% of shell height and 3% of aperture height),
and consists of about 50 transverse rows. The
rachidian teeth bear 3 sharp cusps of equal length.
The length of the lateral tooth base is 54% of the
rachidian width.

The paratype of Benthovoluta gracilior has a
shell height of 54.0 mm; last teleoconch whorl
height 33.5 mm; aperture height 15.5 mm; siphonal
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canal length 13.0 mm; shell diameter 12.6 mm.
After rehydrating in sodium carbonate, the body
was removed and dissected. Although the preser-
vation did not permit a detailed anatomical study,
the gross morphology looks similar to that of spe-
cimens from the south-west Indian Ocean. The
animal has a long siphon, large mantle organs, and
long tentacles with rather large eyes. The very thin,
transparent, yellow operculum is narrow-elongate
oval, its nucleus turned adaxially, and occupies
about 37% ol aperture height. The radula (Fig. 12
A-B) is about 1.37 mm long (2.5 % of shell height
and 8.0% of aperture height) and 230 um broad
(0.43% of shell height and 1.48% of aperture
height), and consists of about 65 transverse rows.
The rachidian teeth bear 3 rather obtuse cusps,
subequal in length, emanating from the anterior
edge of the tooth. The length of the lateral tooth
base equals 44% of the rachidian width.

Exilia vagrans sp. nov.

One male specimen (MUSORSTOM 8, sta.
CPI1129) was dissected. It had a shell height of
32.7 mm; last teleoconch whorl height 21.6 mm;
aperture height 10.4 mm: siphonal canal length 6.7
mm; shell diameter 8.6 mm. ,

External anatomy (Fig. 7 A-B): The body con-
sists of 4 whorls, the mantle spans one whorl, the
nephridium 0.5 whorl and the digestive gland 2.25
whorl. The pale yellowish body lacks pigmentation.
There 1s no operculum. The foot is long (L/W=x
2.5). The siphon is medium long. The columellar
muscle is thin. The mantle is thin, short, does not
cover the head nor the main part of the penis, and
the mantle organs are clearly visible through it.
The head is narrow and long, partially covered by
the siphon. The tentacles are long, with medium-
sized eyes at the base. The axial lamellae of the
nephridium are clearly visible through its wall.

Although a majority of specimens studied had
no operculum, two of them had a small, very thin,
transparent and yellow operculum (Fig. 7G), oc-
cupying only 15% of aperture height, rounded,
with subcentral nucleus in abaxial position.

Mantle: The very long and narrow (L/W > 8)
ctenidium, with high hanging leaflets, occupies 0.9x
mantle length. The very large osphradium, 0.75x
as long and 3x as wide as the ctenidium, is asym-
metrical with the right side [.5x as broad as the
left. The hypobranchial gland is covered by a thick
mucus layer and is not transversely plated. The
anal gland is present but not visible through the
mantle.

Digestive system: The organs of the body ha-
emocoel are compactly packed. The contracted
proboscis is short, about 2 mm long (19% of
aperture height), smooth and tapering towards the
tip. The thick-walled rhynchodaeum is lined with
a tall epithelium. The powerful, paired, ventral
proboscis retractors are attached latero-ventrally to

the anteriormost part of the rhynchodaeum and to
the bottom of the body haemocoel. This indicates
that the whole rhynchodaeum takes part in pro-
boscis evertion, and when the proboscis is comp-
letely everted these retractors are attached to the
inner wall of proboscis. The rather short muscular
buccal mass lies completely outside the proboscis
(Fig. 7E, od) and the radular diverticulum opens
in the buccal cavity at the base of the proboscis.
The odontophoral subradular cartilages are paired,
not fused anteriorly. The large ventral odontophoral
retractor passes through the nerve ring, probably
follows the bottom of the cephalic haemocoel, and
joins the columellar muscle (Fig. 7E, vodr).

The radula (Fig. 12 E-F), which projects slightly
beyond the rear of the buccal mass, is about .1
mm long (3.4% of shell height and 11% of aperture
height) and 150 pm broad (0.46% of shell height
and 1.44% of aperture height), and consists of
about 60 transverse rows. The rachidian teeth bear
3 sharp cusps, emanating from the middle part of
the basal part of the tooth. The central cusp is
slightly longer and narrower than the lateral ones.
The basal part is rather narrow, recurved, with
broad lateral flaps. The unicuspid lateral teeth have
a long base measuring in length 71% of the rac-
hidian width.

After leaving the proboscis the oesophagus forms
a short loop before opening into the valve of
Leiblein (Fig. 7E, vL). Between the valve and the
opening of the gland of Leiblein, the oesophagus
is rather widened and apparently glandular. This
part, representing the mid-oesophagus, is very
short. The valve of Leiblein is large, much broader
than the oesophagus, and pyriform. The posterior
oesophagus is very narrow, runs along the left side
of the gland of Leiblein, and opens into the stomach
(Fig. 7E, poe). The stomach is rather large in
comparison with the anterior foregut, and furnished
with a well developed, long, and narrow caecum.
The fixation of the specimen did not permit an
examination of the inner anatomy of the stomach.
Seen from outside (Fig. 7F), a single large duct,
situated near the oesophagus opening, connects the
stomach to the digestive gland. The gland of Le-
iblein is very large, massive and tapering posteriorly,
its anteriormost part light yellowish, the rest gre-
enish-gray in fixed condition. It opens into the
oesophagus very close to the nerve ring by a very
short duct (on Fig. 7E the gland is partially rotated
to show the duct — dglL). The paired, rather
compact, and acinous salivary glands are approx-
imately equal-sized, situated on both sides of the
valve of Leiblein and partially covering it. [n situ
the glands, together with the valve, lie at the right
side of the proboscis sheath. Immediately after
leaving the glands the rather thick salivary ducts
enter the walls of the oesophagus in front of the
valve of Leiblein. There is a small oval-shaped
accessory salivary gland, situated near the circu-
moesophageal nerve ring. The rectum contains the
remains of food, but without identifiable particles.
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FIG 7. Anatomy ol Exilic vagrans sp. nov. (A-F. Male specimen from MUSORSTOM 8, sta. CPI129, shell height

327 mm. and G. Specimen from MUSORSTOM 8, sta. CPI{27). A-B. Body cemoved from the shell. C
Anterior pan of 1he body with the manile removed 1o show Lhe penis and seminal groove D. Tip of the
penis. E. Organs of the body haemocoel. expanded (rhynchodaeum opened 10 show 1he proboscis. ocesophagus
cut posterior (o the valve of Leiblemn; gland of Leiblein rotaled 10 show the duci, the dashed hnes mdicate
the passing of the salivary ducts mside (he wall of the oesophagis) F. OQuter view of the stomach (same scale
as Fig. E). G. Operculum {the arcow indicales the place of attachment of the columellar muscle). Abbreviations

see p 2

PUC 7. Aratomus Exilio vagrans sp. nov (A-F. Casmeu, MUSORSTOM 8, ct. CPI129, peicota paxoeunst 32,7

MM ¥ G. MUSORSTOM 8, sta. CPI1127). A-B Teno, waoacuicHHoe w3 paxosulsl. C. lMepeaHssi qactb TeAa,
MAHTWA YAANEH), 4Tobsl NOKA3ATL NeHUC U ceMeHnywo 6oposny. D. MNenuc. E. PacnpaeneHHelc opraHsl TynoBHILHOTO
reMouenst (PMHXOAEYM BCKPBIT, 4TOOA MOKA3aTh xO0BOT; NUWCBOA NepepelaH RoJaaW knanana JlehGnevina, xeneaa
flewbnaeiina noBepHyTa, 4rOBbl NOKA32Th MPOTOK, MYyHKTUPHAS NUHYUSI MOKIIBIBIET MPOXOXAEHHE NPOTOKOB CIIOHHbIX
XENe3 B cTerKax nuwesoda), F. XKeayaok crapyxu (macwraé tor xc, uro Ha puc. E). G. Kpblweuka, nyHkTHpHO#M
NUHUEN OBOIHDUERO MECTO MPHKPENICHHS KDAYMENAAPHOro Myckyna OBozraueHust cM. €7p 2
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FIG. 8. Anatomy of Exilia graphiduloides sp. nov.. immature female specimen (MUSORSTOM 4, sta. DWI78. shell
height 26.8 mm). A-B. Body removed from the shell. C. Operculum (the arrow indicates the place of attachment
of the columellar muscle. indicated by dashed line). D. Organs of the body haemocoel, expanded (rhynchodaeum
opened to show the proboscis; gland of Leiblein rotated to show the duct). E. Outer view of the stomach

(same scale as Fig. D). Abbreviations: see p. 2.

PHUC. 8 Anaromusi Exilia graphiduloides sp. nov., nenonoospenas camka (MUSORSTOM 4, cr. DWI78, BbicoTa
pakoBuUHbl 26.8 MM). A-B. Teno, ussacucHuoe u3 pakoBuHsl. C. Kpblieyka (cTpenka W NYHKTUPHASI JUHUS
0003HIUAIOT MECTO MPUKPENNeHus KonyMmemspHoro myckynia). D. PacnpasnerHbie Opranbl TYJOBUILHOTO TeMOLESs
(pyHXoAeyM BCKPbLIT, 4TOObI MoKa3aTbh xoboT; xenesa Jleibneiina nosepHyTa, 4TOObLl NokasaTes npoTok). E. XKeaynok
cHapyxu (macwtab TOT Xe, uto Ho puc. D). Obo3Hauernus: cm. cTp. 2.

Male reproductive system: The seminal vesicle
is long, highly convoluted and occupies about .5
whorl. The pallial part of the genital system consists
of d straight duct running on the floor of the mantle
cavity and at its mid-length forming an open
muscular seminal groove. The groove runs anteri-
orly to the base of the long, dorso-laterally com-
pressed penis and then along its inner lateral edge
to the distal end. There it passes along the ventral
surface of the penis, and along the fold surrounding
the seminal papilla to its tip (Fig. 7D).

Exilia graphiduloides sp. nov.

One immature female specimen (MUSORS-
TOM 4, sta. DW178; Fig. 20L) was dissected. [t
had a shell height of 26.8 mm; last teleoconch

whorl 17.4 mm; aperture height 9.0 mm; siphonal
canal height 4.8 mm; diameter 6.7 mm.

External anatomy (Fig. 8 A-B): The upper coils
were torn off during removal from the shell, and
the remaining part consists of 2.5 whorls; the mantle
spans one whorl, the nephridium 0.3 whorl. The
body lacks pigmentation except head tentacles gray-
ish in color. The thin, yellow, and transparent
operculum is medium-sized, and occupies 50% of
aperture height; it is elongate-oval with its nucleus
turned adaxially (Fig. 8C). The foot is long (L/W=
2.3). The siphon is short. The columellar muscle
is thin, with two grooves corresponding to the
columellar plaits. The mantle is thin, and covers
the base of the head; the mantle organs are clearly
visible through it. The head is narrow, long, and
in the fixed animal partly covered by the siphon.
The tentacles are rather long, with medium-sized
eyes at the base. The border between the mantle
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cavity and the nephridium is represented by a wide
deep cleft. The axial lamellae of the nephridium
are clearly visible through its wall.

Mantle: The very long and narrow (L/W =~ 10)
ctenidium, with high hanging leaflets, occupies 0.9x
mantle length. The very large asymmetrical osph-
radium is 0.75x as long and 3x as wide as the
ctenidium. The hypobranchial gland, which is co-
vered by a thick mucus layer, is transversely plated
as seen through the mantle. The anal gland was
not found during the dissectjon.

Digestive system (Fig. 8D): The organs of the
body haemocoel are compactly packed. The con-
tracted proboscis is short, about [.3 mm long (14%
of aperture height), smooth and tapering towards
the tip. The thick-walled rhynchodaeum (= pro-
boscis sheath) is lined with a tall epithelium (Fig.
8D, prs). A pair of medium-sized muscles, probably
functioning as ventral proboscis retractors, are at-
tached latero-ventrally to the anteriormost part of
the rhynchodaeum and to the bottom of the body
haemocoel (not shown on the illustration). The
rather short muscular buccal mass lies outside the
proboscis (Fig. 8D, od) and the radular diverticu-
lum opens in the buccal cavity at the base of the
proboscis. The ventral odontophoral retractor pas-
ses through the nerve ring, follows the bottom of
the cephalic haemocoel, and joins the columellar
muscle. .

The radula (Fig. 12D) is about 1.3 mm long
(4.8 % of shell height and 14% of aperture height)
and 145 um broad (0.54% of shell height and 1.61%
of aperture height), and consists of about 75 tran-
sverse rows of teeth. The rachidian teeth bear 3
sharp but stout cusps of equal length, emanating
from the anterior edge of the basal part of the
tooth. The basal part is rather narrow, recurved,
with broad lateral flaps. The unicuspid lateral teeth
have a short base measuring in length 37% of the
rachidian width.

After leaving the proboscis the oesophagus forms
a moderately long loop (slightly longer than the
proboscis) before opening into the valve of Leiblein
(Fig. 8D, vL). Between the valve and the opening
of the gland of Leiblein, the oesophagus is rather
widened and glandular. This part, representing the
mid-oesophagus, 1s short, about 1.5x proboscis
length. The valve of Leiblein is moderately large,
much broader than the oesophagus, and pyriform.
The posterior oesophagus is very narrow (Fig. 8D,
poe), runs along the left side of the gland of
Leiblein, and opens into the stomach. The stomach
is moderately large in comparison with the anterior
foregut, and furnished with a well developed, long,
and narrow caecum. The fixation of the specimen
did not permit an examination of the inner anatomy
of the stomach. Seen from the outside (Fig. 8E),
a single large duct, situated near the oesophagus
opening, connects the stomach to the digestive
gland. The uniformly hght-yellowish gland of Le-
iblein 1s very large, massive anteriorly, tubular and
tapering posteriorly. It opens into the oesophagus

very close to the nerve ring by a short duct (on
Fig. 8D the gland is partially rotated to show the
duct). The paired, rather compact, and acinous
salivary glands are approximately equal-sized, si-
tuated on both sides of the valve of Leiblein and
partially covering it. Immediately after leaving the
glands the rather thick salivary ducts enter the walls
of the oesophagus in front of the valve of Leiblein.
There is a small oval-shaped accessory salivary
gland, situated near the circumoesophageal nerve
ring.

Exilia kiwi sp. nov.

One male specimen (NMNZ M.59743; Fig. 28
A-B) was dissected. It had a shell height of 37.3
mm; last teleoconch whorl height 29.0 mm; aper-
ture height 16.9 mm; siphonal canal length 6.4
mm; shell diameter 13.0 mm.

External anatomy (Fig. 9 A-B): The upper coils
of the body were torn off during extraction from
the shell. The remaining part consists of 2 whorls,
the mantle spans 0.5 whorl, the nephridium 0.2
whorl. The whitish body lacks pigmentation. There
is no operculum. The foot is long (L/W = 2.7).
The siphon is short, slightly protruding beyond the
mantle edge. The columellar muscle is thick, and
extends for about 1.5 whorls. The mantle is mo-
derately thin, does not cover the head, and the
mantle organs are clearly visible through it. The
head is broad, with rather long conical tentacles,
and there are no eyes.

Mantle (Fig. 9C): The mantle edge is evenly
thickened. The very long, curved, and narrow (L/W
~ 9) ctenidium, with high-triangular hanging leaf-
lets, occupies nearly the whole mantle length. The
large osphradium, 0.75x as long and 2.5x as wide
as the ctenidium, is symmetrical, with a very narrow
axis. The hypobranchial gland is covered by a thick
mucus layer and is transversely plated. The rectum
opens close to the mantle edge. The anal gland is
not visible.

Digestive system: The digestive system is similar
to that in other species of Exilia (Fig. 9D). The
contracted proboscis, nearly cylindrical with slightly
folded walls, is very short, about 1.5 mm long (9%
of aperture height), and occupies about 2/3 of the
rhynchodaeum.

The radula (Fig. 13 A-B) is about 2.3 mm long
(6.2% of shell height and 13.6% of aperture height)
and 200 um broad (0.54% of shell height and 1.18%
of aperture height), and consists of about 75 tran-
sverse rows. At the bending plane, the teeth bear
significant damages (Fig. 13A). The rachidian teeth
bear 3 long, sharp cusps, emanating from the anterior
edge of the basal part of the tooth. The central cusp
is narrower and slightly longer than the lateral ones.
The basal part is rather narrow, recurved, with mo-
derately broad lateral flaps. The sickle-shaped, uni-
cuspid lateral teeth have a short base measuring in
length 27% of the rachidian width.
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sem.gr 1 mm

FIG. 9. Anatomy of Exilia kiwi sp. nov., male specimen (NMNZ M.59743, shell height 37.3 mm). A-B. Body,
removed from the shell. C. Mantle organs (same scale as Fig. A-B). D. Organs of the body haemocoel, expanded

(rhynchodaeum opened to show the proboscis). E. Outer

of the penis. Abbreviations: see p. 3.

view of the stomach (same scale as Fig. D). F. Tip

PUC. 9. Anaromust Exilia kiwi sp. nov., cameu (NMNZ M.59743  ssicota pakosuubl 37,3 mm). A-B. Teno,
M3BJIEYEHHOE W3 PakoBuHb. C. MaHTHRHBIH KoMMNneke opraHoB (MacwTta® TOT Xe, 4TO Ha puc. A-B). D.
PacapaBneHHble oOpraHbl TYSOBHMLUHOMO remMouens (PUHXOAEYM BCKPBLIT, 4YTOObI nokasaTb xo060T). E. Xenymox
cHapyxu (Macwrab ToT Xe. 4to Ha puc. D). F. [lenuc. Ob6ozmaueHusn: cMm. crTp. 3.

The small accessory salivary gland is situated at
the base of the proboscis, close to the odontophore.
The stomach is furnished with a long and narrow
caecum (Fig. 9E). The condition of preservation
did not allow an examination of its internal struc-
ture.

Male reproductive system: The very large testis
nearly equals the size of the digestive gland (Fig.
9 A-B, tes). The short seminal vesicle forms few
loops. The pallial part of the genital system consists
of a slightly sinuous seminal groove with thickened
edges, running on the floor of the mantle cavity,
anteriorly to the base of the long, dorso-laterally
compressed penis, and then along its inner lateral
edge to the distal end. There it passes along the

ventral surface of the penis, along the fold surro-

‘unding the seminal papilla, and then along the

dorsal side of the papilla to its tip (Fig. 9F).

Exilia expeditionis

One male specimen (NMNZ M.60422, speci-
men illustrated Fig. 26 A-B) was dissected. It had
a shell height of 42.1 mm, last whorl height 32.2
mm, aperture height 19.5 mm, siphonal canal
length 7.6 mm, diameter 15.4 mm.

External anatomy (Fig. 10 A-B): The upper
coils of the body were torn off during extraction
from the shell. The remaining part consists of [.5
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sem.gr

1 mm

FIG. 10. Anatomy of Exilia expeditionis (NMNZ M.60422, shell height 42.0 mm). A-B. Body removed from the
shell. C. Outer view of the stomach. D. Tip of the penis. Abbreviations: sce p. 2.

PHUC. 10. Anaromusn Exilia expeditionis (NMNZ M.60422,

shell height 42.0 mm). A-B. Teno, u3BneuycAHoe u3

pakosuhubl. C. XXenyaok cHapyxu. D. [lNenuc. O6o3HauyeHus cM. Ha puc. 2.

whorls, the mantle spans 0.5 whorl, the nephridium
0.25 whorl. The whitish body lacks pigmentation.
There is no operculum. The foot is short (L/W >
1.6). The siphon is short, slightly protruding beyond
the mantle edge. The columellar muscle is thick,
and extends for about 1.5 whorls. The mantle is
moderately thin, covering the head, and the mantle
organs are clearly visible through it. The head is
broad, with long conical tentacles and large eyes.
Mantle: The very long, curved, and narrow
(L/W > I1) ctenidium, with high hanging triangular
leaflets, occupies nearly the whole mantle length.
The large osphradium, 0.9x as long and 3x as wide
as the ctenidium, is asymmetrical, with the right
side twice as broad as the left. The hypobranchial
gland is covered by a thick mucus layer and is
transversely plated. The rectum opens close to the
mantle edge. The anal gland is not visible.

Digestive system: The organs of the body ha-
emocoel are compactly packed. The digestive sys-
tem is in all details similar to that of Exilia vagrans
sp. nov. The contracted proboscis, smooth and
tapering towards the tip, is very short, about 2.5
mm (12% of the aperture height), and occupies
about 2/3 of the rhynchodaeum. The branching
ventral proboscis retractor is unpaired.

The radula (Fig. 13 C-D) is about 1.9 mm long
(4.5 % of shell height and 9.3% of aperture height)
and 260 um broad (0.62% of shell height and 1.27%
of aperture height), and consists of about 80 trans-
verse rows. The rachidian teeth bear 3 short, stout
cusps, emanating from the anterior edge of the

basal part of the tooth. The central cusp is slightly
longer than the lateral ones; the base of the left
cusp bears indistinct thickened knobs. The basal
part is narrow, recurved, with moderately broad
lateral flaps. The unicuspid lateral teeth have a
short base measuring in length 47% of the rachidian
width.

The proboscis and oesophagus are enclosed from
all sides by the salivary glands, tightly attached to
the rhynchodaeum and oesophagus by numerous
connective tissue fibers, and by the gland of Leib-
lein.

Male reproductive system: The seminal vesicle
is long, forms numerous loops and occupies most
part of the inner surface of the visceral mass. The
pallial part of the genital system consists of a sinuous
seminal groove with thickened edges, running on
the floor of the mantle cavity. The morphology of
the penis is similar to that in other species of Exilia,
but the fold surrounding the seminal papilla is
shorter and not embracing along much of the
papilla dorsal side (Fig. 10D).

Exilia sp. A

A specimen from Madagascar was rehydrated
from dried soft parts. It had a shell height of 43.0
mm, last whorl height 30.3 mm, aperture height
14.2 mm, siphonal canal length 10.5 mm, diameter
12.7 mm (Fig. 27A). Despite the depth of the catch
(1715-1750 m), the animal has large, well develo-
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sem.gr

1 mm

FIG. 10. Anatomy of Exilia expeditionis (NMNZ M.60422, shell height 42.0 mm). A-B. Body removed from the
shell. C. Outer view of the stomach. D. Tip of the penis. Abbreviations: sce p. 2.

PHUC. 10. Anaromusn Exilia expeditionis (NMNZ M.60422,

shell height 42.0 mm). A-B. Teno, u3BneuycAHoe u3

pakosuhubl. C. XXenyaok cHapyxu. D. [lNenuc. O6o3HauyeHus cM. Ha puc. 2.

whorls, the mantle spans 0.5 whorl, the nephridium
0.25 whorl. The whitish body lacks pigmentation.
There is no operculum. The foot is short (L/W >
1.6). The siphon is short, slightly protruding beyond
the mantle edge. The columellar muscle is thick,
and extends for about 1.5 whorls. The mantle is
moderately thin, covering the head, and the mantle
organs are clearly visible through it. The head is
broad, with long conical tentacles and large eyes.
Mantle: The very long, curved, and narrow
(L/W > I1) ctenidium, with high hanging triangular
leaflets, occupies nearly the whole mantle length.
The large osphradium, 0.9x as long and 3x as wide
as the ctenidium, is asymmetrical, with the right
side twice as broad as the left. The hypobranchial
gland is covered by a thick mucus layer and is
transversely plated. The rectum opens close to the
mantle edge. The anal gland is not visible.

Digestive system: The organs of the body ha-
emocoel are compactly packed. The digestive sys-
tem is in all details similar to that of Exilia vagrans
sp. nov. The contracted proboscis, smooth and
tapering towards the tip, is very short, about 2.5
mm (12% of the aperture height), and occupies
about 2/3 of the rhynchodaeum. The branching
ventral proboscis retractor is unpaired.

The radula (Fig. 13 C-D) is about 1.9 mm long
(4.5 % of shell height and 9.3% of aperture height)
and 260 um broad (0.62% of shell height and 1.27%
of aperture height), and consists of about 80 trans-
verse rows. The rachidian teeth bear 3 short, stout
cusps, emanating from the anterior edge of the

basal part of the tooth. The central cusp is slightly
longer than the lateral ones; the base of the left
cusp bears indistinct thickened knobs. The basal
part is narrow, recurved, with moderately broad
lateral flaps. The unicuspid lateral teeth have a
short base measuring in length 47% of the rachidian
width.

The proboscis and oesophagus are enclosed from
all sides by the salivary glands, tightly attached to
the rhynchodaeum and oesophagus by numerous
connective tissue fibers, and by the gland of Leib-
lein.

Male reproductive system: The seminal vesicle
is long, forms numerous loops and occupies most
part of the inner surface of the visceral mass. The
pallial part of the genital system consists of a sinuous
seminal groove with thickened edges, running on
the floor of the mantle cavity. The morphology of
the penis is similar to that in other species of Exilia,
but the fold surrounding the seminal papilla is
shorter and not embracing along much of the
papilla dorsal side (Fig. 10D).

Exilia sp. A

A specimen from Madagascar was rehydrated
from dried soft parts. It had a shell height of 43.0
mm, last whorl height 30.3 mm, aperture height
14.2 mm, siphonal canal length 10.5 mm, diameter
12.7 mm (Fig. 27A). Despite the depth of the catch
(1715-1750 m), the animal has large, well develo-
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FIG. 1). Radulae of Extha hilgendorfi. A-B. Populations from SW Indian Ocean {(Mascoreignes 11, sta  63). A.
Darsal view of the cadutar ribbon B. Enlarged rachidian ieeth. C-D. Deep-water form from New Caledoni
(BIOGEOCAL, sta. CP297). C Dorsal view of the radular ribbon D. Enlarged ractudian teeth, E-F. Shallow-wale)

form from New Caledonia (BATHUS 3, sta DW776).

E. Doyzal view of the radular ribbon F  Enlarged

sacludian 1eeth. Scale bars: A, C, E, 100 gym; B, D, F, 50 pm.

PUC 1l. Paaynul Exdia hilgendorfi A-B. Tlonynsiumn w3 10 -3. HacTh Hinawiickoro okeara. A. JopcanbReiét  sia
panynapuon memdpansr B, Yaeeauqerdsie uewtpansubie avBbl. C-D. MNy6okoBoanas ¢dopma u3 Hopoit Kaneaokuu
(BIOGEOCAL, cr. CP297). C. Nopcanshblil Bua panyasipHoi MemBpanbl D VaeauueHHbIE USHTPaNbHbIC 3y6bl,
E-F Menkosoanas dopma uz Hosod Kuneaowuss (BATHUS 3, ¢t DW776) E. [opcaibHbiéi BUA paayns pHoit
membpansl. F o YeenuyeHHble neAtpaiasHeie 2ybel Macwtab: A, C, E, 100 mkm, B, D. F. 350 MM,

ped eyes. The long anat gland is clearly seen through
the mantle. and extends for )/4 of a whorl. The
long operculum, wilh nucleus turned adaxially, is
8.2 mm long (58% of aperture height). The nep-
hridium spans 0.25 of a whorl, the mantle 0.66.
The radula (Fig. 13 G-H) is [.5 mm long (3.4%
shel) height and 10.6% aperture height) and about
230 um broad (0.53% of shell hexght and |.62%

of aperture height), and consisis of about 55 rows
of teeth. The rachidian teeth bear 3 obtuse cusps,
emanating from the middle part of the basal parl
of the tooth, so that the amerior face of the tooth
is distinctly concave The central cusp is slight)y
longer than the lateral ones. The basal part is rather
narrow, recurved, with medium broad lateral {laps.

The second specimen (Fig. 27 B-C) from
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FIG. (2. Radulae of Exilia spp. A-B. E. hilgendorfi, populations (rom the Philippines (paratype of £ gracilior,
USNM 238408). A. Dorsal view of the radular ribbon B. Enlarged rachidian ieeth. C. E. hilgendorfi, populations
from south-west Indian Ocean (Mascareignes Il, sta. 80). D. E. graphiduloides sp. nov., dorsal view of the
radular ribbon. E-F. E. vagrans sp. nov. E. Dorsal view of the radular ribbon. F. Enlarged rachidian teeth.
Scale barss A, D, (00 pm; B, C. E, 30 um; F, 20 um

PHUC 12 Paaynel Exilia spp A-B E. hilgendorfi. nonymsiuvu ¢ Duaunoun (napatin £ grocilior, USNM 238408).
A. JlopcanbHblil eun pany/RpHOR MembpaHsl. B. YeeanueHhble ueHTpansHbie 3y6u. C. E. Ailgendorfi, nonynsiuuu
U3 10.-3. yactu UHauickoro oxeara. (Mascareignes 1, c1. 80). D. E. graphiduloides sp. nov., mopcanbHslii BUA
panyisipHoti MemBpansl. E-F. E. vagrans sp. nov. E. dopcanbHbiii BUA panyasipHon MmemGpanel. F. YBenudcHHsle
UeHTpadbHble 3y6b1. Mactutab: A, D. 100 mxsm, B, C, E, 50 mkm; F,. 20 mxm.

PUC. 13. Panynbl Exilia spp. A-B. £ kiwi sp. nov. (NMNZ M.59743). A. [JopcanbHbiii BUA pay/iapHOA MeMOpaHbI.
B. VYpeawueHHble UeHTpanbHsle 3y6ul. C-D. E£. expeditionis (NMNZ M.60422). C. HopcanbHbIfi BHA Pany/BIDHOM.
D VYeeauuehHble ueHtTpanshble 3y6bl. E-H. Exilic sp. A. E-F Perodson (MD 32, c1. CPI40). E. HopcanbHbiit
BUO panyasipHo¥ Mem6EpaHbl, F. Yaenuaendvie uenTpanbubie 3y6ui. G-H. Magarackap (Vauban, ct. CHI27). G.
JopcanbHeli BUA PagyIpHOH sMem6bpanbl. H  YBeaudeHHble UeHTpanbHble 3y6ol. Macwrtaé: A, C. E, G, 100
MM, B, D. F, H, 50 mxwm.
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FIG 13 Radulae of Exitia spp A-B. £ kiwi sp. nov. (NMNZ M. 59743). A. Dorsal view ol the radular ribbon.
B Enlarged rachidian teeth. C-D. £, expeditionis (NMNZ M.60422). C. Dorsal view of the radular ribbon. D.
Enlarged rachidian teeth E-H Exilia sp. A E-F. Réumon (MD 32, sia. CP140) E. Dorsal view of the radular
ribbon F. Enlarged rachidian teetlhy G-H. Madagascar (Vauban, sta, CHI27). G. Dorsal view of the radular
ribbon H Enlarged rachidian Leeth. Scale barss A, C, E, G, 100 am: B, D. F, H. 50 um.
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Réunion (MD 32, sta. CP140) had a shell height
of 59.0 mm, last whorl height 41.3 mm, aperture
height 20.8 mm, siphonal canal length 11.3 mm,
diameter 17.7 mm. Its radula (Fig. 13 E-F) is about
1.5 mm long (2.5% of shell height and 7.2% of
aperture height) and 280 um broad (0.47% of shell
height and 1.35% of aperture height), and consists
of about transverse 60 rows. The unicuspid lateral
teeth have a short base measuring in length 41%
of the rachidian width.

Species level systematics
of Recent taxa

Class Gastropoda Cuvier, 1797

Unranked group Caenogastropoda Cox, 1959
Order Neogastropoda Wenz, 1941
Superfamily Muricoidea Rafinesque, 1815
Family Turbinellidae Swainson, 1835
Subfamily Ptychatractinae Stimpson, 1865

Genus FExilia Conrad, 1860

Exilia hilgendorfi (Martens, 1897),
new combination

(Fig. 6; 11; 12 A-C; 14; 15; 16; 17; 18;
19; 20 A-H; 21)

Voluta hilgendorfi Martens, 1897: 176, pl. 17; fig. 2.

Synonyms:

Mitra plicifera Yokoyama, 1920: 48-49, pl. 2, figs. 16a-b.

Phenacoprygma kiiense Kuroda, 1931: 48, fig. |.

Benthovoluta gracilior Rehder, 1967: 185, figs 5,6 26,
fig. I, 7, 8-10 (new synonym).

Benthovoluta claydoni Harasewych, 1987: 173-176, figs
10-12, 13-18 (new synonym).

Benthovoluta prellei Bozzetti, 2000: 19 (new synonym).

Other references:

Benthovoluta hilgendorfi. Kuroda, Habe, 1950: 37, textfig.
4 (operculum), pl. 5, fig. 2, pl. 7, fig. | (holotype).
— Habe, 1952: 132, fig. § (radula). — Kira, 1962:
92, pl. 33, fig. 3. — Shikama, Horikoshi, 1963: 97,

pl. 79, fig. 7. — Okutani, 1964. 416-417 [as B.
hilgenfordi (sic!)]. — Kuroda, 1965. 50. — Kuroda,
Habe, Oyama, 1971: 199, pl. 51, fig. 3. — Cemo-
horsky, 1973. 126-127 (partim). — Habe, 1976: 97,
pl. 1, fig. 4. — WNoda, 1980: 32-33, pl. 8, figs
14a-14b. — Harasewych, 1987: 168-169, figs 1-3. —
Noda, 1988: 48, pl. 1, figs 16a-16b, 20a-20b. —
Matsukuma, Okutani, Habe, 1991: 178, pl. 59, fig
14, — Higo et al, 1999 222. — Okutani, 2000:

423, pl. 210, fig. 3.

Mitra plicifera: Taki, Oyama, 1954: pl. 3, fig. 16 [“ho-
lotype” illustrated, as synonym of B. hilgendorfi]. —
Oyama, 1973: 48, pl. 13, fig.13 (lectotype illustrated).
— Ichikawa 1983: 252, 264.

Benthovoluta gracilior: Cernohorsky 1973: 129. — Hara-
sewych, 1987: 169, figs 4-6.

Benthovoluta claydoni: Matsukuma, Okutani, Habe, 1991:
178, pl. 59, figs 10-11. — Wilson, 1994: 59, pl. 8,
figs. 1A, 1B.

Type material: V. hilgendorfi: holotype, Zoologis-
ches Museum Berlin 30277 [not seen]. — M. plicifera:
2 syntypes, University Museum, University of Tokyo,
CM 20103 (figured syntype) and CM 20104 [lchi-
kawa 1983: 252, 264]; Taki and Oyama [1954] figured
the ulustrated syntype (CM 20103) as “holotype”,
but this does not constitute a valid lectotype desig-
nation under Art. 74.5 of the Code. — P. kiiense:
not traced. — Benthovoluta gracilior. holotype USNM
637252, 5 paratypes USNM 238408. — Benthovoluta
claydoni: holotype WAM 3252-83. — Benthovoluta
prellei: holotype MINHN.

Type locality: V. hilgendorfi: “Japan, probably
from Hakodate” [probably in error fide Okutani

1964 and Kuroda et al. 1971). — M. plicifera:
Koshiba, L. Musashino, Miura Peninsula, Lower
Pliocene of Japan. — P. kiiense: off Kii (exact

location and depth unknown).— B. gracilior: Phi-
lippines, Off Cagayan Islands, north Sulu Sea,
9°38’30’N, 121°11’E, 929 m [Albatross sta. 5423].
— B. claydoni: Western Australia, SW of Imperieuse
Reef, Rowley Shoals, 18°05’S, 118°10’E, 400-401
m. — Benthovoluta prellei: Madagascar, off Tuléar.

Remarks: Exilia hilgendorfi has for a long time
been known from a small number of specimens
and was considered endemic to Japan. Two more
nominal species were later described from the
Philippines (Benthovoluta gracilior) and western
Australia (B. claydoni). The three allopatric nominal
species superficially look rather different (see, e.g.,
Fig. 14A, 16A, 16J)). However, a subadult paratype
of B. claydoni (Fig. 16G) strongly resembles B.
gracilior (Fig. 16 A-E) and differs from it only by
the axial ribs being absent on the last adult whorl;
conversely, one of the paratypes of B. gracilior (Fig.
16E) itself also lacks ribs on the last whorl.

Based on our examination of newly obtained
material from different parts of the Indo-Pacific,
we conclude here that there is one species of Exilia
that ranges from Madagascar to Tonga, and from
Japan to New Zealand, with a vanation that in-
cludes the three nominal species. Over this range,
Exilia hilgendorfi exhibits a three-dimensional ge-
ographical variation that is difficult to apprehend
because of the small size of the samples. Populations
living on soft bottoms (e.g., populations from the
NW Shelf of Australia or off Madagascar) appear
to be less variable, whereas populations from hard
or mixed bottoms on the slopes of New Caledonia,
Vanuatu and Fiji exhibit considerable variation
between stations separated by only tens of kilome-
ters and/or a couple of hundred meters in depth.
The amount of local variation thus appears to reflect
the heterogeneity of the environment.

Exilia hilgendorfi has a paucispiral protoconch
indicating non-planktotrophic larval development.
The discrete geographical and/or bathymetrical
forms that are recognizable at different geographical
scales (Table |) are probably a reflection of limited
gene flow between populations. It may one day be
possible to sort intrapopulation polymorphism from
geographical polytypy, and formally recognize geo-
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Table | Summary of conchological and anatomical characiers in differemt populations of Exilia hilgendorfi.

Characters Japan Vanualtu SW Indian New New Philippines weslern Tasman Sea
Ocean Caledonia Caledonia Auslraba
and Fiji, and Fi,
deep-water shallow-water
Maximum adult size 84 63 $4 §9 53 55 (80) 101 63
(rmm)
Color chestnut dark to light light straw, dirty-white diny-white 1o light straw white white 10
brown chesnu( usually with  or pinkish pinkish and strow
brown slightly with lighl brown
darker brownish with darker
subsulural spots subsutural
- band _ band _
Number of proto- 5 n.a. (s 1.5 [ 0.75? n.a. 1.5
conch whorls - —— e
Maximum diameter 1170 n.a. 1000 ? 1000 n.a. n.a. 800
of proloconch (um)
Sculpuure of last spiral narrow narrow uneven narrow spirnl spiral cords axial ribs spiral cords
adult whorl grooves +  spital cords  spiral cords  spiral cords cords + axial usually
weak or + weak or + weak or ribs preseind
fading axia} fading axial fading axial
ribs ribs ribs
Number of columel- 0, 3,4 2,3 2,3, 4 0, 2,3 2 2 2,3 2.3
lar plaits in adults
Operculum length / 0.5 n.a. 0.30-0.36 0.40 0.6 0.37 ca 0.4 n.a.
aperture height o
Crenidium length / na n.a. 7.5 9.5 6.5 n.a § n.a
widlh - o - - B -
Osphradium length / n.a. n.a. 0.75 0.58 0.69 n.a. 0.5 n.a.
ctenidum length -
Osphradium width / n.a. n.a. 1.5 2.3 1.6 n.a 1.0 n.a
ctenidium width .
Venlral proboscis re- n.a n.a. single, poired single, na single " a,
traclors branching _branching
Radula width / n.a. n.a. 1.0-1.30 1,49 3.0 1.48 n.a. n a.
aperture height (%) - o
Radvuta length / n.a. n.a 8.5-9.3 10.3 14 8.0 n.a. n.a.
_aperture height (%)
Lateral 1ooth base na. na. 042-0.52 0.65 0.54 044 na. na
length / rachidian
width PR
Number of rows of n.a na 70-8S 65 S0 65 88-97 na
leeth
Accessory salivary n.a 1y a embedded ¢mbedded nol n.a n.a. n.a

gland embedded in
salivary gland

graphical subspecies. However, the material a1 hand
is insufficient to do so now, as it mainly reflects
the intensity of sampling efforts in different regions
of the Indo-Pacific. For this reason, we describe
the different geographical forms separately, but do
not formally regard them as subspecies. Because
the name-bearing type is from Japan, we give a
full description of specimens from Japan and then
mainly comparative remarks to characterize speci-
mens from other populations.

Exilia hilgendorfi differs from E. krigei, its most
similar Recent congener, in usvally having colu-
mellar folds and in its sculpture of broad, flat spiral
cords that do not override the axial ribs. [n New
Caledonia, juveniles of the deep-water morph
strongly resemble juvenites of £. vagrans sp. nov,,
from which they differ by their coarser spiral scul-

pturc, lighter shell color, and the presence of a
much larger operculum with terminal nucleus.
Distribution: Japan, the Philippines, Madagas-
car and Réunion, western Australia and Queens-
land, New Caledonia, Vanualu, Fiji, the Tasman
Sea and New Zealand, alive from 50 m (in Japan]
10 1710 m. Recorded from the Pliocene of southern
Japan. The material from the Pleistocene of Taiwan
ilustrated as Benrhovoluta hilgendorfi by Hu and Tao
(1991: 351, pl. 62 figs 23-25] represents a species
of Turridae (material examined by us in the Na-
tional Museum of Natural Science, Taichung).

Populations from Japan
(Fig. 14 A-E; 15)
Material examined: JAPAN. OfT Choshi, Honshu, |
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FIG 14 Exitia hilgendorfi (Martens, 1897). A-E. Spccimens from populations from Japan A-B  Kii, Honshu, 180
m (AMNH 8§4778), 68 mm. C-D. O Choshi (USNM 824942), 72.5 mm E Tosa, 280 m (USNM 605772),
83.2 mm. F-]. Specimens from populations from Vanuatu, F-G Vonuatu (MUSORSTOM 8§ sta. CP1080), 58.9
mm. H. Vanuawi, 495-498 m (MUSORSTOM 8 sta. CPI014), 63.0 mm. ! Vanuaw, 547-585 m (MUSORSTOM

$ sta. DWIOLL). 445 mm
PUC. (4. Exilia milgendorfi (Martens, 1897) A-E. Oxaemnnapnt W3 noaynsuus us fnonun. A-B. Kii, Xonewo, 180
M (AMNH 84778), 68 mm C-D. ¥ Choshy (USNM 824942), 72,5 mm E. Tosa, 280 m (USNM 605772), R3.2

MM, F-1 Sxsemnanpur w3 nonynsumst w3 Banyaty F-G. Banyary (MUSORSTOM 8 cr. CP1080), 58,9 mm. H
Banyary, 495-498 M (MUSORSTOM 8 cr CPl1014), 63,0 mm. |. Banyaty, 547-585 M (MUSORSTOM § or.

DWILOI1), 445 mm,

v (USNM 824942, Fig (4 C-D). — Kii, Honshu, 180 [Higo ef al., 1999]) (Fig. 15). Also known from the
m (AMNH 84778, Fig 14 A-B). — lzu-Shoto Island, Pliocene.

east Central Honshu, I v (AMNH 268419). — Off Description: Shell fusiform, solid, consisting of
Tosa, Shikoku, 280 m. 1 dd (USNM 603772, Fig 14E), 1.3 protoconch and up to 8§ teleoconch whotls,

which are regularly convex except a slightly concave
subsutural sulcus; shallow adpressed suture. Proto-
conch paucispiral, smooth, diameter | 17 mm, with

180 m. | v (AMNH 84777).
Distribution: East coast of Japan, from the Boso
peninsula and Hachijo | southwards, )n 50-480 m»
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large nucleus. Upper teleoconch whorls with ro-
unded shoulder. The axial sculpture consists of
strong, slightly prosocline ribs, increasing in num-
ber from [2-15 on the first to 14-16 on the pe-
nuitimate iteleoconch whorl, where they become
less defined before they disappear on the last adult
whorl. The spiral sculpture, which is well and
equally defined on all teleoconch whorls, consists
ol very low, broad, flat cords of uneven width,
separated by narrow interspaces always less than
half ol corg width, and of a very thin, inconspicuous
stnation that covers the cords. The number of cords
on the exposed part of spire whorls increases from
6-7 on the first to 10-11 on the penultimate whorl.
The spival cords are less well defined in the sub-
sutural suleus, and they number up to 60 on the
last adu)t whorl, of which about 30 are on the
siphonal canal, where they become much narrower
and moile rounded. Aperture narrow-elongate.
comprising about 37-38% of total shell height.
Outer lip thin. Siphonal canal narrow, (ong, cros-
sing coithng axis. [nner lip with thin glossy callus
Cotlumella with 3 variously gdeveloped plaits, the
central onc stronger; occasionally a fourth, very
low plan s present o, conversely, all plaits are
obsolete and the columella s nearly smeoth

Color of the shell. protoconch light chestnut
brown; upper teleoconch whorls usually lighter than
the last one, gradually darkening 1o chestmn brown.

Dimensions of largest adult: height 83.2 mm,
lasc whorl height 56.6 mm, aperture height 36.2
mm, siphonal canal length (0 3 mm, diameter 22.6
mm

Operculum [based on Kuroda, Habe, 1950
clongate-oval, with the apical nucleus turned
adaxially, occupying about 50% of aperture height.

A mediocre illuscration of the radula was pub-
lished by Habe (1952 132, fig. 5). The rachidian
has large lateral Qaps and bears 3 cusps., the central
slightly longer. Lateral teeth unicuspid, with short
base.

Remarks: The names Voluia hilgendorfi Mar-
tens, 1897, Mimra plicifera Yokoyama, 1920, and
Phenacoprygma kiiense Kuroda, 1931( are all basegd
on specimens from Japanese populatons.

Populations from the Philippines
(Fig. 16 A-F)

Mateoal examined: PHILIPPINES. Sulu Sca. off
Cagayan Islands, 9738730 N, 12171 1'E, 929 wm |Albatross.
sta. 5423|, 3 v (holotype of 8. grecitior, USNM 637252,
Fig. 16 A-B. and 2 paratypes, USNM 238408, Fig 16
C-E)Y — MUSORSTOM 3 R/V Corwlis. sta. DRI4,
13°47°S. 120°03'E. 842 m, | dd (MNHN, Fig [6F).

Remarks: Based on 1he original matenal of
Benthovolnuia grocihor, this populauon is charac-
terized by a narrow-fusiform shell with angulated,
shouldered whorls, and distinct subsutural sulcus,
better pronounced on upper spire whorls. Sculpture
consists of strong, slightly prosocline ribs, numbe-
rng 9-10 on first teleoconch whorl to 13-15 on
penultimate, present or obsolete on last whorl, and

Exilia hilgengorfi, populations from Japan
e examined material and published records

FI1G. 15. Disuwibinion of the Japan populations of Exilia
hilgendorfi (Martens, 1897).

PHUC 15 PacnpocTpliHerue A0onckux aonynauub Exiliv
hilgendorfi (Manens, 1897)

narrow, rounded, low spiral cords separated by
broad grooves, interspaces as broad or slightly
narrower than cords. Spiral cords on the exposed
part of whorls from 4-6 on the first to 14-16 on
the penulumate whor), 55-70 cords on last teleo-
conch whorl, about 30 of which are on the siphonal
canal. Aperture elongate. Columella with 2 very
weak plaits deep inside aperture. Color of the shell:
light-straw 1n live collected specimens. Dimensions
of largest adult (holotype of B. gracilior): height
54.6 mm, last whorl height 35.7 mim, aperture
height 156 mm, siphonal capal length 15.1 mm,
diameter 12.8 mm. This specimen is subadult, as
evidenced by the very thin and simple outer lip.
A worn and incompilete specimen (MUSORSTOM
3 sta. DRO4, Fig 16F) suggests that specimens
reach at least 80 mm

Protoconch missing in all specimens studwed by
us. Harasewych [1987] siated that the protoconch
of one of the paratypes (not seen by us) consists
of 0.75 whorl. All the protoconchs of E. hilgendorfi
seen by us consist of 1.5 whorl and the discrepancy
between these two values most likely reflect diffe-
rent ways of counting the nmbal coihng of the
protoconch.

The name Benthovoluia gracilior is applicable
to these populations

Populations from Vanuatu
(Fig. 14 E-1)

Material examined (all MNHN): VANUATU. MU-
SORSTOM 8 R/V A4hs. sta. DW9B6G, 19°21°S, 169°31’E,
602-648 m. ) dd. — Sta. DWI(0l1, 17°50’S, 168°12'E,
547-385 im, ldd (Fig. 14I). — Sta. CPI10!{4, 17°55’S,
168°19'E, 495-498 m. 3 dd (Fig. 14H). — Sta. CP1080,



108 Yu. Kantor, Ph. Bouchet, A. Oleinik

FIG 16. Exilia hilgendorfi (Martens, 1897). A-F. Specimens from populations from the Philippines. A-B. Philippines,
929 m, holotype of Benthovoluta gracilior Rehder (USNM 637252), 54.6 mm. C-D. Paratype of B gracilior
(USNM 238408), 54.0 mun (radula see Fig. t] A-B). E. Paralype of 8. gracitior (USNM 238408), 53.6 mm.
F. Philippines, 842 m (MUSORSTOM 3 sta DR94), 58 mm. G-K. Specimens from populations from Western
Australia and Quecnstand. G. Wesiern Austrajia, 400 m, paratype ol Benthovoluta claydoni Harasewych, 1987
(USNM 8622(7), 62.0 mum. H-1. Western Australia, 400 m, paratype of Benthovoluta claydoni (USNM 862217),

83.8 mm. J Queensland, 1000 m (AMS C121187), 732 mm. K. Western Australia, 370-480 m (AMS 156238),

88.0 mm.

PUC. 16. Exilia hijgendont (Manens, 1897). A-F. DkaeMnadpbt W3 nonynsuuiit ¢ OuavnnuH. A-B. @unaunouisl,
929 M, ronorun Benthovolute gracilior Rehder (USNM 637252), 54,6 mm. C-D. Mapatun 8. gracilior (USNM
238408), 54,0 mm (panyna Ha puc. |1 A-B). E. Naparun B. gracilior (USNM 238408), 53.6 mM. F. Duannnyusl,
842 M (MUSORSTOM 3 ct DR94), 58 mmv G-K. Dk3aemMnnoapbl U3 nonyusiuMi K3 3anafHoft ABCTPaJIMU N
KBnHcaenaa. G. 3amaaHan AscTpanua, 400 M, napatun Benthovoluia claydoni Harasewych, 1987 (USNM 8§62217),
62,0 mm. H-1. 3amagnan Asctpanus, 400 M, napatun Benthovolua claydoni (USNM 862217), 83,8 mm .
KouHcaena, 1000 m (AMS C121187), 73,2 mM. K. 3anagnasn Ascrpanusa, 370-480 m (AMS 156238), 88,0 mwm.
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NE of Malekula | .
dd (Fig. 14 F-G)

LOYALTY RIDGE. BATHUS 3 R/V Als sta
DW790, 23°49’S, 169°48°E. 6835-715S m, t dd. — St
DWS00. 23°35'S, 169"37°E. 655 m, | dd

Distribution: Vanuatu and Loyalty Ridge, shells
tn 500-800 m (Fig. 21).

Remarks: This population, conchologically very
close to the populauon from Japan, 18 characterized
by a thick, heavy, and slender shell, smaller (han
thal of Japanese specimens, with a shallow, poorly
marked subsutural sulcus. The spiral cords are
closely set with interspaces narrower than half of
cords width. Color of the shell light to dark ches-
tnut-brown. Dimensions of largest adult (MUSOR -
STOM 8, sta. DWI1014): height of 63.0 mm, last
whorl height 43.0 mm, aperture height 20.0 mm,
siphonal canal length 13.5 mm, diameter 7.7 mm.

Specitens from deeper water in Vanuatn (MU-
SORSTOM 8 sta CP956, 1175-12J0 m, and sta.
CP1037, 1058-1086 m) rescmble the specimens
from deep water off New Caledonia, Fiji angd Tonga
(Fig. 19 A-H) and are listed with them.

[5°57°S. 167°28'E. 799-850 m. t

Populations from Australia
(Fig. 16 G-K; 20)

Material examiped: WESTERN AUSTRAUIA. SW
of Imperneuse Reef, Rowley Shoals, 18°05°'S, 11810°E.
400-401 m, 2 v (parawypes -2 of Benthovolula claydoni,
USNM 862217 Fig 16 G-1). — R/V Soela, 18°53'S,
1M16°10°E, 450 m. 2 dd (AMS Cl42877). — R/V Soclu,
14°39°S, 121°29°E. 500 m, 4 dd (AMS Cl43126) —
60-90 miles NW of Ponrnt Hedland, 370-480 m, 2 Iv
(AMS 156238, Fig 16K).

QUEENSLAND R/V Lady Basten, NE of Raine
Isfand, Great Barier Reef, 11°32°'S, 144°10°E, 1000 m,
I dd (AMS CL21187, Fig 16 ).

Distribution: Western Ausiralia and northern
Queensland, alive in 350-596 m |[Harasewych,
1987], shells 10 1000 m (Fig 21()

Remarks: This )s the form named Benthovoluta
claydoni In this population, specimens are rather
uniform in shell shape and coloration. They are
characterized by a broad-fusiform shell with angu-
lated shoulder on upper teleoconch whorls, which
become more rouonded with increasing size. Sub-
sutural sulcus better pronounced on adapical teleo-
conch whaorls. Sculpture of orthocline axial ribs,
stronger on upper whorls, and narrow, rounded,
low spiral cords separated by broad grooves, inter-
spaces equal to cords width or broader. Number
of axial ribs from 9-10 on first to 1Il-13 on 4th
teJeoconch whorl. Number ol cords on exposed
part of whorls from 5-6 on first to It-15 on
penultimate whorl; up to 35-60 cords on the last
whorl, about 25-28 of which are on the siphonal
canal. Aperiure elongate, comprising (without
canal) 32-39% of shell height Columella vsually
with 3 plaits, rarely 2. Color of the shell: uniformly
white n hve collected specimens. Dimensions of
fargest adult examined: height 87.2 mm, last whorl
height 60 0 mm. apenure height 34.0 mm, siphonal

canal height 23.0 mam, diameter 25.5 mm. Speci-
mens ol these populasions yeach a height of 100.9
ram [Harasewych, 1987].

A specimen rom off the north of Queensland
falls within the range of variation of specimens
from Western Austsalia. This is remarkable in view
of the bathymetric discontinuity between the NW
Shelfl and the Coral Sea.

Populations from the south-west
Indian Ocean

(Fig. t7; 21)

Material examined (all in MNHN)" MADAGASCAR.
Collected by A Crosnier on R.V. Vaguban- Chalutage
I, 12°52°S, 48°10 3'€, 420-428 m, 3 dd (Fig 17F). —
Chalutage 38, 12°50°S, 48°09'E, S80-585 m, | dd (Fig
17F). — Chalmage 88. 18°54'S, 43°55°E. 280-3!0 m,
4 Iv. — Chalutage 91, 21°25.5'S, 43°14.5'E, 425-550 m.
2 Iv. — Chalutage 98, 22°17.3'S, 43°02 7°E, 600-605 m,
I v — Chalutage 112, 22°18’S, 43°02.2°E. 640-660 m,
2 v (Fig. 17G). — Chalutage 115, 22°14 §8'S, 43°04.3'E
450 m. | W (Fig 17C).

Collecied by R von Cosel on wawlee Mascaregnes 1)
sta. 24, 22°30S, 4307°E. 430-460 m, | dd. — Sw. 35,
22°25°'S, 43°05'E, 450 m, | Iv. — Sia. 57, 22°26’S. 43°0G'E.
460 m, 2 v — Sia 63, 22°27'S, 43°03'E, S30 m, ) Iv

— Sta. 65, 22°26'S, 43°05°E. 520 m, 4 v, — S 70
22°25'S, 43°05'E, S30 m. S Iv. | dd — Sia 72, 22°1 IS,
43°03E, 540 m., 5 v — S 74, 2226'S. 43°03'E. 540

m, 10 Jv — Sta 75 22°13'S. 43°03’E, S60 m. 2 Iv (Fig
6G; 17 DY — Sw 76, 22°22'S, 43°03°£. 530 m, 12 v
— Swa. 78, 22°21'S, 43°0FE, 330 m, I Iv. — S 79,
22°10°S. 43°05°E, 525 m, ( Wv. — Swa 80, 22°17°S, 43°04'E,
530 m, | Iv. — Sta. SI, 22°23'S, 43°0Y'E. $25 m, 22 Iv.

Sta 82, 22°11'S. 43°03'E. 520 m, | v - Sta 84,
22°21'S. 43'04'E. 535 m. 13 iv - Sta. 86, 22°21°S, 43°06'E.
415 m. | v, — Sta. 93, 22°25'S, 43°04°'E, 590 m, | Iv.
~ Sta. 122, 22°17'S, 43°03'E. 600 m. 2 Iv — St 126,
22°18°S. 43°03'E. 550 m, 2 v — S, 127 22°2¢°S.
43°02°'E. 610 m. | v,

Off Tuléar, depth unkaown, holotype of Benithovoluta
prellei Bozzeui, 2001 (Fig. (7 A-B).

REUNION. Baie de la Possession. shrimp traps, 600
m. 2 dd (Fig. (7 H-)). — R/V Marwon- Dufresne. cinise
MD 32: sta. DCI12, 20°53'S, 55°09°E. 740-780 m. |
dd. — Off St. Gilles, 700 m, 8 dd (MNHN ex J.C.
Martin).

Distribution: Madagascar and Réumon, alive in
310-640 m, shells to 740 m (Fig. 21).

Remarks: Specimens {from these populations are
characterized by a slendes and thin shell, light straw
in color, usvally with 3 shghtly dacker subsutural
band. Axial ribs are well dehined and present onto
the penultimate and last adult whorls (i.e. 11th-12th
teleoconch whorls). The spiral cords are closely
set, and their interspaces ar¢ only about 1/2-1/3
of cords width Columellar plaits from 2 to 4. The
analysis of plait number in nearly 80 specimens
from off SW Madagascar shows that this character
is size-related (Fig. 18): specimens smaller than 50
mm never have more than 2 plaits, while specimens
larger than 70 mm always have three plaits. Similar
multiplication of plaits was observed on X-ray
photograph of shell fram Tonga (Fig. 4M). Spe-
cimens with 4 columellar plaits were also found
off NW Madagascar (Fig. |7E). Protoconch (Figure
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FIG. 17 Exilia hilgendorfi (Marnens, 1897). Specimens from populations from the soulh-west Indian Ocean A-B.

Holotype of Benthovoluia preifei Bozzewh, 2001, Tulcar,

91.0 mm. C. SW Madagascar, 450 m (Vauban, sia

115), 82,2 mun. D. SW Madagascar, 560 m (Muscareignes tl, sta. 75), 813 mm E NW Madaguscar, 420-428
m (12°52°S, 48°10°3" E). 832 mm (transitional 1o form claydoni). F. NW Madagascar, 580-585 m (Vauban, sia
38), 766 mm G. Proloconch, SW Madagascar, 640-660 m (Vauban, sta. 112), scale bar 500 ym H. Réunion.

Baic de la Possession, 600 m, 523 mm I-J. Réumon,

Baic de la Possession, 600 m, 55.3 mm.

PUC. 17 Exilia hilgendorfi (Martens, 1897). DxaeMmnasipbl ¥3 NOAYAALUME M) 10.-3. HacTu VHAWACKOro okcaHa A-B
Tonomun Benthovoluia prellei Bozzetn, 2001, Tyneap, 91,0 mm. C. 10.-3. Manarackap, 450 M (Vauban, cr. 119),
82,2 mm. D. 10.-3. Manarackap, 560 » (Mascareignes 11, cv. 75), 81,3 mm. E ¢ -3 Magarackap, 420-428 M (12°52'S,
48°10°3" E), 83.2 mm (nepexomusid sxiemriinp K dopme cluydoniy F c.-3. Manarackap, 580-585 a1 (Vauban, cr.
38), 76,6 mmM. G TlporokoHx, 10-3 Manarackap, 640-660 m (Vauban, v 112), macwraé S00 mxM. H. PeoHsow,
Baie de la Possession. 600 M, 32.3 mwm. |-J. Peiovoon, Baie de la Possession. 600 m, 3553 Mm.

16G) paucispiral, consisting of ca | smooth convex
whorls, diameter 1.0 mm, sculptured by very thin
spiral striae conuinuous with those of the first
teleoconch whorl, numbering about 25 at the pro-
1oconch/teleoconch boundary, which is marked by
a weak opisthocyrt rib Dimensions of the largest
adult (12°52'S, 48°10°3"E. 420-428 m; Fig. 17E);

height 83.2 mm, last whorl height 53.3 mm, aper-
ture height 26.6 mm, siphonal canal length 19.2
mm, diameter 22.0 mm.

Shells from off NW Madagascar (Fig 17 E-F)
are thicker, their axial folds are less pronounced
and do not extend on the adult whorls. O Réunion,
at greater depths, the shells are even thicker and
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F1G 18, Correlation between number of columellar folds
and shell height in specimens of Exilia hilgendorfii
(Martens, 1897) from populations from south-west
Indian Ocean.

PHUC. 18 Kopennauun mexiy KONHYECTBOM KOAYMES-
ASIPHLIX CKNAA0K M BbICOTOH PakoOBURBLL vy Exifla Ail-
gendorfii (Martens, 1897) w3 nonynsuMi W3 0.-2.
vactk Muaumicxkoro oxeana.

shorter (Fig.16 H-J). The axial ribs are hardly
visible in the subsutural zone, but instead there are
numerous closely spaced incremental lines, produ-
cing a cearsely granulose appearance. These shells
are strikingly similar to those of Exilia sp. A (Fig.
27 A-C) and the two could easily be considered
bathymetrical variants of a single species. However,
the radulae suggest that they should be treated as
different species.

The shells of specimens from the SW [ndian
Ocean populations of Exifia hilgendorfi, especially
the specimens from SW Madagascar, have a strong
resemblance to £ krige/ and differ from it by having
(a) a deeper, more concave subsutural sulcus; (b)
fewer and more widely spaced axial ribs; (c) broadly
spaced spiral cords of more even width; and (d)
columellar plaits always present in adult specimens.

Remarks: The name Benthovoluta prellei Boz-
zetti, 2001 is applicable to this form.

Populations from New Caledonia,
Fiji and Tonga
(Fig. 19; 21)

The populations from New Caledonia, Fiji and
Tonga are more heterogeneous than populations
from any other geographical region, but this may
reflect the fact that a more diverse range of depths
and bottom types has been sampled there. Qur
material, however, is rather scattered and does not
permit a fine analysis of these populations other
than in terms of gross bathymetric variation. To
facilitate a description of the wvariation, we have
segregated two discrete morphs, which appear to
be essentially correlated with bathymetry, although
with much overlap.

“Shallow-water” populations from
New Caledonia and Fiji

(Fig. 19 1-0O)

Material examined (all in MNHN): NEW CALE-
DONIA BIOCAL R/V Jeun-Charcor: sta. DW33, 23°10°5,
167°IC°E, 675-680 m, 6 dd (Fig. 19 L-N). — Sta.
DW51, 23°05'S, 167°45'E, 680-700 m, 2 dd.

CHALCAL 2 RyVv  Coriolis: sta. CC2, 24°55°5§,
168°21°E, 500 m, | dd. — Sta. DWT3, 24°40°'5, 168°38°E,
573 m, | dd.

BATHUS 3 R/V Alis: sta. DWE09, 23°39°S, 167°59°E,
650-730 m. | dd.

BATHUS 4 R/V Afis: sta. CP921, 18°47°S, 163°17°E,
610-613 m, | dd (Fig. 19K). — Sta. CP950, 20°32’S,
164°56°E, 705-750 m, | dd.

LOYALTY RIDGE MUSORSTOM 6 R/V Aiis sta.
DW481. 21°20°S, 167°48°E, 600 m, 1dd, 1 Iv.

BATHUS 3 R/V Alis sta. DWT76, 24°44°S. 170°08’E,
770-830 m, | «¢d, V Iv {prolcconch Fig 19)). — Su.
DW778, 24°43'S, [70°07°E, 750-760 m, 2 dd, | v (Fig.
191). — Sta. CP788, 23°54°S, 169°50'E, 652-750 m, 1 dd.
— Sta DW794, 23°48'S, 169°4%°E, 751-755 m, 2 dd.

FlJI. BORDAU | R/V Afis: sta. DW 1410, 16°06°S,
179°28’E, 400-410 m, | dd. — Sta. CP 1452, 16°44'§,
179°59.7'E, 420-508 m, 2 dd.

WALLIS & FUTUNA. MUSQRSTOM 7 RV Alis
sta. DWS90, Field Bank, 12°31°S, 174°19°W, 400 m, | dd.

Distribution: New Caledonia, Loyalty Ridge,
Fiji and Wallis & Futuna, live 600-770 m, shells
from 410 m.

Remarks: This form is characterized by a small
adult size, vsually with short spire and long, narrow
attenuated siphonal canal. Axial ribs are usually
present onto the last teleoconch whorl. The spiral
cords are usually closely spaced, interspaces nar-
rower than or rarely equal to cords width. Two
columellar plaits are always present, but poorly
developed. Shell color ranges from dirty-white to
pinkish and light brown, always with a darker
subsutural band. The protoconch (Fig. 191) consists
of 1.2 smooth convex whorls, diameter 1.0 mm.
Iis entire surface, including the nucleus, is covered
by very thin spiral striae, numbering 30 at the
protoconch/telecconch  discontinuity, which s
marked by an opisthocyrt rib. Dimensions of the
targest adult (BATHUS 3, sta. DWS800): height
52.5 mm, last whorl height 364 mm, aperture
height 18.0 mm, siphonal canal length 12.3 mm,
diameter 15.8 mm. Specimens from these popula-
tions have an overall resemblance to shells from
the Philippines and differ from them by (1) a
generally lower spire, (2) a position of the shoulder
in the upper third of the spire whorls.

A rather distinct form, which has been collected
at two stations on the Norfolk Ridge (BIOCAL
sta. DW33 and sta. DWS1), differs by its very broad
last whorl (Fig. 19 L-O). It superficially appears
very distinct and could represent a separate species.
However, from our experience of local variation,
on the banks of the Norfolk Ridge, of species with
non-planktotrophic development [see, e¢.g., Ver-
meij, Bouchet, 1998: fig. 6], we believe that it more
likely represents just an extreme local variant of
Exilia hilgendorfi.
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FIG 19 Exitia hilgendorfi (Martens, 1897), specimens from populations (rom New Caledorua, Loyalty Ridge and
Tonga. A. New Caledonia, 1140 m (BIOCAL sta CP30), 28.6 mm. B. Protoconch of the same specimen, scale
bar 500 ym C Tonga, 630-710 m (BORDAU 2 Sia CPl640), 92.5 mm D New Caledonia, 630-800 m
(BATHUS | sta CP709), 72.2 mm. E. New Caledora, 908 m (BATHUS 3 sta. CP844), 84.3 myn F-G. New
Caledonia, 960-1100 m (BATHUS 1 sta. CP661), 652 rmm. H. Loyalty Ridge, 1615-17]0 m (BIOGEOCAL
sta CP272), 452 mm. [ Loyalty Ridge, 750-760 m (BATHUS 3 sta DW?78), 31 % mm. I. Protoconch, Lovalty
Ridge, 770-830 m (BATHUS 3 sta, DW776), scale bar 500 pm. K. New Caledonia, 610-6]3 m (BATHUS 4
sta. CP921), 43.8 mm L-M. New Caledonia, 675-680 m (BIOCAL sta. DW33), 30.2 mm N New Caledonia,
675-680 m (BIOCAL sta. DW33), 206 mm O. Protoconch, New Culcdonia, 680-700 m (BIOCAL sta. DW31),
scale bar 500 um.
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“Deep-water” populations from
New Caledonia, Fiji and Tonga

(Fig. 19 A-H)

Material examinoed (all in MNHN): CORAL SEA.
CORAIL2: R/V Coriolis: sta. DE15, 20°51'S, 160°56’E,
580-590 m, 1 dd.

MUSORSTOM S R/V Coriolis: sta. 321,
158°02°E, 1000 m, | dd.

NEW CALEDONIA. BIOCAL R/V Jean-Charcor: sta.
CP30, 23°09°S. 166°41’E, 1140 m, 1| dd (Fig. 19 A-B).
— Sta. CP60, 24°01'S, 167°08’E, 1480-1530 m, | dd.
— Swa. CP69, 23°52’S, 167°58’E, 1220-1225 m, | dd.

BATHUS | R/V Alis: sta. CP661, 21°05°S, 165°50’E,
960-1100 m, 1 dd (Fig. 19 F-G). — Sta. CP709, 21°42’S,
166°38’E, 650-800 m, 1 v (Fig. 19D).

BATHUS 3 R/V Alis: sta. CP825, 23°22°S, 168°00’E,

21°20’S,

597-605 m, 1 Iv. — Sta. CP842, 23°05’S, 166°48’E,
830 m, 1 dd. — Sta. CP844, 23°06’S. 166°46’E, 908
m, 1 dd (Fig. 19E).

HALIPRO 1 R/V Alis: sta. C858, 21°42’S, 166°41'E,
1000-1120 m, 1 Iv.

. LOYALTY RIDGE. BIOGEOCAL R/V Coriolis: sta.
CP238, 21°28’S, 166°23’E, 1260-1300 m, 2 dd. — Sia.

CP272, 21°00°S, 166°57'E, 1615-1710 m, | dd (Fig. 19H).

— Sta. CP297, 20°39'S, 167°11’E, 1230-1240 m, | |Iv.

VANUATU. MUSORSTOM 8 R/V Alis: sta. CP956,
20°33°S, 169°36’E, 1175-1210 m, 1 Iv. — Sta. CPI1037,
18°04’S, 168°34’E, 1058-1086 m, 1 dd.

FlJI. MUSORSTOM 10 R/V Alis: sta. CP1316,
17°14,8’S, 178°22,0’E, 478-491 m, | dd. — Sta. CP1330,
17°09'S, 177°56,3'E, 567-699 m, | dd. — Sta. CPI1331,
17°02’S, 178°01,8’E, 694-703 m, 4 dd. — Sta. CP1342,
16°46,0’S, 177°39,7°E, 650-701 m, 4 dd. ! Iv. — Sia.
CP1361, 18°00,0’S, 178°53,7’E, 1058-1091 m, 1 dd.

BORDAU 1 R/V Aliss sta. DW 1491, 18°50'S,
L78°27°E, 777-787 m, 1 dd.

TONGA. BORDAU 2 R/V Alis: sta. DWI558, 18°40°'S,
173°52'W, 630-710 m, | Iv. | dd. — Sta. CP1640, 21°09°S,
175°24'W, 564-569 m, | dd (Fig. 19 C).

Distribution: New Caledonia, Fiji and Tonga,
alive in 600-1240 m, shells in 580-1530 m.

Remarks: There are at least two rather distinct
shell types in this group of populations. One type
occurs in the Coral Sea, on the Norfolk Ridge, off
the east coast of New Caledonia, and off the
southernmost island of Vanuatu (BATHUS 1, sta.
CP709; BATHUS 3, sta. DW825, sta. CP842, sta.
CP844; BIOCAL sta. CP30, sta. CP60; CORAIL
2 sta. DELS; MUSORSTOM 8, sta. CP956), at
depths of 597-1140 m. It is characterized by a
fusiform shell with very slightly concave subsutural
sulcus on the penultimate and last teleoconch
whorls and generally poorly developed spiral cords

is very similar to that of other forms, but it is
dark-brown and the spiral striae are somewhat more
widely spaced. Columellar folds are present, from
2 weak to 3 well pronounced. Coloration is light
pinkish with darker brownish areas. Shell height
up to 84.3 mm.

The second type was found off the Loyalty
[slands, off the east coast of New Caledonia and
on the Norfolk Ridge (BATHUS 1 sta. CP661;
HALIPRO | sta. C858; BIOCAL sta. CP69; BI-
OGEOCAL sta. CP 272, sta. CP297), at depths
of 1000-1710 m. It is characterized by a slightly
smaller shell (shell height up to 72 mm), with
concave subsutural sulcus on the last whorl, well
developed spiral sculpture, and total absence of
columellar plaits (Fig. 19 F-G). Coloration is dirty-
white, sometimes with brownish spots.

In Fiji, in 491-1058 m (empty shells only),
there are specimens with shells that are transitional
to the forms from the Tasman Sea. They have two
columellar plaits, which vary in development from
strong to completely obsolete. Dimensions of lar-
gest adult (MUSORSTOM 10, sta. CP1316): height
of 89.0 mm, last whorl height 57.3 mm, aperture
height 25.5 mm, siphonal canal length 19.5 mm,
diameter 21.2 mm.

Off Tonga, in 570-630 m (two empty shells and
1 lv), the specimens are somewhat transitional
between this deep-water morph and the Vanuatu
form (Fig. 19C). They have 2 or 3 columellar plaits
(seen when the shell is slightly turned counterc-
lockwise and not seen in direct apertural view) and
darker shells, nearly as dark as in the specimens
from Vanuatu. Dimensions of largest adult (BOR-
DAU 2 sta. CP1640): height 92.5 mm, last whorl
height 65.0 mm, aperture height 35.0 mm, siphonal
canal length 26.0 mm, diameter 25.0 mm.

Juveniles of these deep-water forms may resem-
ble Exilia vagrans sp. nov. in the outline and
sculpture of the first teleoconch whorls. The two
are easily recognized as adults, £. vagrans having
much finer spiral sculpture and darker shell. For
a discussion on sympatry and syntopy of the two
species, see Remarks under E. vagrans.

Populations from the Tasman Sea
(Fig. 20 A-H; 21)

Material examined: QUEENSLAND. R/V Kapaln:

(Fig. 19 A-B, D-E). The protoconch (Fig. [9B) SE of Brisbane, 27°55'S, |54°03’E, 556-539 m, 1 v

PUC. 9. Exilia hilgendorfi (Martens, 1897), axksemnnsippi M3 nonyaauuit u3 Hosoi Kanemowwu, o-pob Jloaatu u
Toura. A. Hosas Kanesouus, 1140 m (BIOCAL cr. CP30), 28,6 mm. B. TIpOTOKOHX TOro X¢& 3K3eMNAspa.
macwTtad® 500 mkm. C. Tonra, 630-710 m (BORDAU 2 ct. CP1640), 92,5 mm. D. Hosas Kanegonusn, 650-800
M (BATHUS | ct. CP709), 72,2 mm. E. Hosas Kaneponus, 908 m (BATHUS 3 cr. CP844), 84,3 mm. F-G.
Hosast Kaneaonusn, 960-1100 m (BATHUS 1 cr. CP661), 65,2 mm. H. O-sa Jlosatu. 1615-1710 m (BIOGEOCAL
ct. CP272), 45,2 mm. 1. O-sa Jloantu, 750-760 m (BATHUS 3 ct. DW778), 31,9 mm. J. [IpoTokonx, o-Ba
Nosiatu, 770-830 m (BATHUS 3 ct. DW776), macwTab 500 mxm. K. Hosas Kuneaonus, 610-613 m (BATHUS
4 cr. CP921), 43,8 mm. L-M. Hosas Kanenonusn, 675-680 m (BIOCAL c¢r. DW33), 30,2 Mm. N. Hosasn
Kanepoxusa, 675-680 m (BIOCAL ct. DW33), 20,6 mm. O. [lpotokonx, Hopasi Kanenownwnsn, 680-700 m (BIOCAL
ct. DWSI), macwrat 500 mkm.
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(AMS CIL16345, Fig. 20A) — E of Gold Coast, 28°02'S.
153°59°E, 550 m, 2 dd (AMS Cli6l1l, Fig. 20B-C).

TASMAN  BASIN. R/V  Tangaroa. sta  P926,
40°33.1°S. 170°57 3’E, 5370-572 m, 2 dd juv. (NMMNZ).
— Sw. P927, 40°50 1I'S, 168°14.8°E. 1009-1005 m. 2
G, 1 oiv (NMNZ, Fig. 20F). — S P929, 40%42 8°S,
167°56.0°E, 1029 i, 3 Iv {(NMNZ, Fig. 20G). — Su.
P940. d41°22.7'S. 166°44 4'E, 2092-2154 m. | dd juv
(NMNZ) — Srta. P942, 43°00.6'S, 169°06.0'E, 914 m,
3 dd, 3 Iv (NMNZ, Fig. 20 D-E, H).

NEW ZEALAND. R/V Tangarca: sia. QG699(1), off
Westport, 41°08.1'S, 170°2L.0'E, 695 m, 2 dd juv.
(NMNZ)., — Sta. Q719, ofi Greymouth, 42°04.3'S,
[70°12 5'E. 750 m, | fv juv. (NMNZ) — Sta 0.564.
off Manukaw Harbor, 37°06.6°S. 173°34 1I'E, 925 m, |
dd (NMNZ M74829).

Distribution: Eastern Australia, Tasman Basin,
New Zealand, alive in 556-1029 m, shells to 2092
m (Fig. 21).

Remarks: These populations are characterized
by a rather small, narrow-fusiform shell with con-
cave subsutural sulcus and angulated shoulder, es-
pecially on upper teleoconch whorls. Protoconch
paucispiral, consisting of [.2 smooth convex whorls,
diameter 0.8 mm. Axial ribs usually well developed,
closely spaced, from 13-17 on the first to 12-17
on the last teleoconch whorl. Ribs are more nu-
merous 1 specimens from deeper water from the
Tasman Basin and New Zealand, which also have
more lightly built and thinner shells, The spiral
sculpture is well developed, with rather broad cords,
slightly rounded above, separated by interspaces
about of cord width. The number of cords on the
exposed part of upper spire whorls increases from
4-5 on the first, to 14-17 on the penultirnate, and
47-50 on the last whorl, of which about 25 are on
the siphonal canal. Columellar plaits none in ju-
veniles, 2 or 3 in adults. Shell color varies from
while in young specimens to straw in adults. Di-
mensions of largest adult (AMS CLI6111): height
62.5 mm, last whorl height 39.2 mm, aperture
height 20.0 mm, siphonal canal length 13.0 mm,
diameter 15.2 mm.

In general appearance this form resembles the
populations from the SW of the Indian Ocean.

Exilia graphiduloides
Kantor and Bouchet, sp. nov.
(Fig. 4 G-1; 20 [-N; 24)

Type material: Holotype and 1 paratype in
MMNHN.

Type locality: North of New Caledonia,

18°51°S, 163°21°E, 550 m |[MUSQORSTOM 4, sta.
DWI197].

Material examined: NEW CALEDONIA. MUSOR-
STOM 4 R/V Vauban: sta. DWI156, 18°34'S, 163°19°E,

535 m, | dd. — Sta. DWI78, 18°36°S, 163°19°E. 320
m, | lv {protoconch. Fig. 20L). — Sta. DWI81, I18°37'S.
163°22°E, 350 m, 3 juv. dd. — Sia. DWI97, 18°51'S.

163°21'E, 550 m, 2 dd (holotype, Fig. 20 1-1, and
paratype, Fig. 20 M-N).

BATHUS 4 R/V Alis: sta, DWILE, 18°49'S, 163°16'E,
613-647 m. | dd (Fig. 20K} — Sta DWO20, 18°45'S,
163°17°E, 610-620 m. | dd. — Sta. DW92I, !§47'S,
163°17°E, 610-613 m, | dd.

Distribution: Only known from north of New
Caledonia, alive at 520 m, shells in 350-610 m
(Fig. 24).

Description: [Holotype, description of proto-
conch based on the specimen from MUSORSTOM
4, sta. DW178]. Shell narrow-fusiform, solid, con-
sisting of 1+ [nucleus of protoconch of helotype
missing] protoconch and 7.75 teleoconch whorls.
Protoconch paucispiral, with large nucleus, diame-
ter 1.0 mm, smooth, with 0.8 wharls. Transition
between protoconch and teleoconch marked by
strong orthocline rib. Teleoconch whorls modera-
tely convex, lacking pronounced shoulder, with
shallow impressed suture Sculpture consisting of
weak, orthocline ribs crossed by distinct spiral
grooves, producing a coarsely muricated appearan-
ce (Fig. 20M). Number of axial ribs increasing
from 20 on first teleoconch whorl to 52 on penul-
timate whaorl. On tast adult whorl, ribs low, indis-
tinct and irregularly spaced. Spiral sculpture well
and equally defined on all teleoconch whorls, con-
sisting of narrow, subequal, closely spaced cords,
rounded above, interspaces less that of cord width.
Number of cords increasing from 5 on exposed
part of the first teleoconch whorl to 18 cords on
penuitimate whorl; about 70 cords on last teleo-
conch whorl, of which 40 are on the siphonal
canal, where they are 1.5-2 times narrower that on
whorl periphery. Aperture narrowly-glongate, com-
prising 34% {without canal) of total shell height.
Quter lip [damaged in holotype] thin, simple. Sip-
honal canal narrow, long, crossing coiling axis.
Inner lip with thin glossy callus. Columella with 3
plaits, the central one stronger and the adapical
one weakest.

Color of the shell: protoconch light yellowish
tan; first 3 teleoconch whorls whitish, gradually
darkening to light chestnut brown on penultimate
and last whorl, with the exception of two whitish,

PHUC 20. A-H. Exilia hilgendorfi {Maricns, 1897), sksesmnasipol w3 aconymwiuvii wa Tacmancsa mops. A 10 -B. OT
Bpucbena, 356-539 m (AMS C116345), 61,7 mm. B-C. E Ot Gold Coast. 550 m {AMS CLI6111), 63.0 amm.
D-E. Tacmanosa kotaceuHa, 914 M (R/Y Tangaroa sta. NZOI cy. P942), 315 mm. F. TacMaHOBa KOTHOBHHA,

1009-1005 m (R Tangaroa NZOI| cr. P27y, 39,2

MM, G. Tacmunopa xotnosura, 1029 wm (R/V Tunguwrou

NZOU ct. P929), 20,0 mm. H. Tacwmunosu koraosuHa., 914 s (R/Y Tangnrea NZOL cr. P942), 155 mm. [-N.
Fxilia graphidulpides sp. nov. 1-I. Tonotun, Hosan Kanenodws, 550 s (MUSORSTOM 4 cr DWI97), 338
M. K. Hopag Kanegorua, 613-047 m (BATHUS 4, ct. DWIIS), pakopuHa, noppexncHRHan kpabom, 24 smm.
L. Hepas Kancmonua, 520 o (MUSQRSTOM 4, cr. DWI78), 26,8 mum, npoTokoHx, mMacwTtad S00 mrm M.
YBeAHHeHHbIA YHACTOK CKYABMTYPul napuTuna, mMacwrad 2 sm. N Tlapatun, Hosan Kanemouus, 550 w» (MU-

SORSTOM 4 cv. DWI97), 352 mm.
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FIG 20. A-B Exitia hilgendorfi (Mariens, 1897), specimens from populations from the Tasman Sea. A. SE of
Brisbane, 556-339 m (AMS C116345), 617 mun. B-C E. of Gold Coast. 550 m (AMS CIlé(11), 630 rmm.
D-E. Tasman Basin, 914 m (R/V Tangaroa, NZOI, sta. P942), 315 mm F Tasman Basin, 1009-1005 m (R/V
Tangaroa, NZOl st~ P927), 39.2 mm. G. Tasman Basm, 1029 m (R/V Tangaroa NZOI[ sta P929), 20.0 mm.
H  Tasman Boasin, Y14 m (R/V Tangarca NZOLU sia. P942), S5 mm -N  Exilic graphiduloides sp nov 1-J.
Holotype, New Caledonia. 550 m (MUSORSTOM 4 sta. DWI97), 538 mm K. New Caledonia, 6(3-647 m
(BATHUS 4. sta DW918), shell pecled by crab. 24 mm. L New Caledonia, 520 m (MUSORSTOM 4, sta
DWi78), 26.8 mm, protoconch, seale bar 500 pm. M. Enlarged sculpaire of paralype, scale bar 2 mm. N.
Paratypc. New Caledonia, 550 mu (MUSORSTOM 4 sta. DWI97), 352 mm.
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Remarks: Exilia graphiduloides sp. nov. is most
similar to E£. krigei. 1t differs by having (a) much
weaker axial ribs, (b) more closely spaced spiral
cords, (¢) no shoulder concavity, and (d) better
developed columellar folds. From all other Recent
congeners, Exilia graphiduloides sp. nov. differs in
the muricated appearance of the shell surface,
which resembles that in the extinct species of
Graphidula and justify synonymizing Graphidula
with Exilia (see Fig. 4).

One 24 mm high specimen (BATHUS 4, sta.
DW918) did not survive a predator attack, most
likely by a crab (Fig. 20K). The shell bears an
incision extending to nearly the whole last whorl.
The form of the breakage is very similar to that
reported for shallow water Calappa [Vermeij, 1993].
Another 26.8 mm high specimen (MUSORSTOM
4, sta. DW178) bears on the 4th and 5th teleoconch
whorls traces of repaired breakages from at least
two unsuccessful attacks; the form of these brea-
kages is similar to that on the preceding specimen.

Exilia graphiduloides is known only from a small
area in the north of New Caledonia where it is
sympatric with E. hilgendorfi. The two species ap-
pear to occupy a similar bathymetric range and
they have been taken together in one dredge haul
(BATHUS 4, sta. DW921, 610-613 m, empty shells
only).

Etymology: The name graphiduloides reflects
the similarity of the new species with the repre-
sentatives of the nominal genus Graphidula.

Exilia krigei (Kilburn, 1971),
new combination

(Fig. 21; 22)

Benthovoluta  krigei Kilbum, 1971: 127-130. figs 2d, 3a, b.

Other references:

Benthovoluta krigeir Kensley, 1973: 180, fig. 686. — Ha-
rasewych, 1987 169-173. figs. 7-9. — Matsukuma.
Okutani, Habe, 1991: 178, pl. 59, fig. 8.

Type material: Holotype in Natal Museum
6077: T1561.

Type locality: Mogambique, 50 km eastward of
Inhaca Island, depth about 520 m.

Material examined: MOCAMBIQUE. 50 km eastward

of Inhaca lIsland, ca. 520 m. | Iv (holotype. Fig. 22
A-B). — Inhaca lIsland. 475 m, 2 Iv (USNM 824943,
Fig. 22 F-G).

NATAL. Off Scottburgh, | iv (NM BI1526, Fig. 22
C-D). — Off Umkoma, 2 Iv (NM BI525, Fig. 22 E).

Distribution: From southern Mozambique to
Natal, South Africa, alive in 475-520 m.

Description: [Based on holotype and material
from Natal]. Shell narrow-fusiform, solid, consis-
ting of 1.3 protoconch and up to 9.6 teleoconch
whorls with shallow impressed suture, concave
above shoulder, convex below it. Protoconch pa-
ucispiral with convex whorls, diameter 1.0 mm.
Adapical teleoconch whorls usually with gently
angular shoulder, although sometimes very poorly

pronounced. Sculpture consisting of strong orthoc-
line ribs crossed by distinct spiral grooves separating
narrow cords. Number of axial ribs rather constant
on teleoconch whorls, increasing only slightly from
12-17 (holotype: 12) on the first teleoconch whorl
to 14-18 (holotype: 16) on the penultimate whorl.
The ribs are usually well pronounced until the 8th
teleoconch whorl, but sometimes they become
obsolete already on the 4th whorl, and they are
usually absent on the last adult whorl. Spiral sculp-
ture well and equally defined on all teleoconch
whotls, consisting of low, rather narrow, subequal
cords, slightly rounded above, with narrow inters-
paces usually about 1/3 of cords width, rarely up
to 2/3 of cords width in the transition zone to the
siphonal canal. The number of cords on the exposed
part of upper spire whorls increases from 4-5
(holotype: 5) on the first teleoconch whorl to 19-21
(holotype: 20) on the penultimate whorl. The last
adult whorl has 55-62 cords (holotype: 58), of
which about 30-38 (holotype: 30) are on the sip-
honal canal. Aperture narrow-elongate, comprising
29% (holotype) to 32% (average 30%) of total shell
height (without the canal). Outer lip thin. Siphonal
canal narrow, long, crossing coiling axis. Inner lip
with thin glossy callus. Columella without plaits.

Color of the shell: protoconch whitish; teleo-
conch yellowish to light brownish, upper whorls
lighter, last whorl usually with 3 very indistinct
brown purplish spiral bands.

Dimensions of largest adult (holotype): height
71.0 mm, last whorl height 46.2 mm, aperture
height 22.4 mm, siphonal canal length 14.0 mm,
diameter 17.5 mm.

Remarks: The species is variable in the promi-
nence of the axial ribs and degree of shoulder angle,
which may be lacking altogether in some specimens
(Fig. 22 F-G).

E. krigei is most similar to specimens of £.
hilgendorfi from the Mozambique Channel off Ma-
dagascar, and differs from them by (a) a less concave
subsutural zone; (b) more numerous and more closely
set axial ribs; (¢) more even and more closely set
spiral cords; and (d) absence of columellar plaits in
adult specimens. It is also superficially similar to £.
graphiduloides and differs by its larger size and
absence of columellar folds. There is strong simi-
larity between £. krigei and E. elegans (see discus-
sion under E. elegans).

The anatomy of Exilia krigei is unknown. Kil-
burn [1971: fig. 2d] illustrated the radula, which
is short and consists of 69 rows. The oval, yellowish
and transparent operculum occupies 45% of the
aperture height, its nucleus turned adaxially; it is
very similar to that of E. hilgendorfi.

Exilia elegans (Barnard, 1958),
new combination

(Fig. 21; 22 H-M)
Fusivoluta elegans Barnard, 1959: 32. fig. 8a.
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FIG. 22. A-G. Exiha kriger (Kilburn, 1970). A-B. Holotype, Mogambique (NM 6077: T156(), 70.8§ mm. C-D.
Nael (NM B1526), 69.9 mm. E. Nawal (NM BI1525), 68.7 mm. F. Mogambique, Inhaca [sland, 475 m (USNM
824943), 65.6 mm G. Mogambique, [nhaca Island, 475 m (USNM 824943), 55.6 mm. H-M. Exilia elegans
{Barnard, 1959). H-I

Hololype, South African Museum. J. Off Qora River, 450-460 m (NM C 6629). 18.1
mm. K-M. Off River Kei, 390 m (NM C 35203), 434 mm. M. Enlarged spiral sculplure.
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Type material: Holotype in South African Mu-
seum, A8803.

Type locality: Off East London, depth about
740 m.

Material examined: Holotype,

TRANSKEIL Off River Kei, 32°49.5'S, 28°33.3’E, 390
m, coarse sand, 1 dd (NM C5203, Fig. 22 H-J). —
Off River Qora, 32°53.4’S, 28°49.2’E, 450 m, sandy mud,
I dd (NM C6629).

Distribution: Eastern Cape Province and sou-
thern Transkei, South Africa, shells in 390-740 m.

Description: [Based on holotype and material
from Transkei]. Shell narrow-fusiform, solid, con-
sisting of 1.3 protoconch and up to 7,2 teleoconch
whorls with shallow impressed suture, concave
above shoulder, convex below it. Protoconch pau-
cispiral with convex whorls, diameter 1.0-1.1 mm.
Shoulder of adapical teleoconch whorls gently an-
gular in holotype, very poorly pronounced in other
specimens. Sculpture consisting of medium pro-
socline ribs crossed by distinct spiral grooves sepa-
rating narrow cords. Number of axial ribs on te-
leoconch whorls ranges from 17 to 19 on the first
whorl (holotype: 18), from 17 to 2] on second
whorl (holotype: 17), from 16 (holotype) to 25 on
third teleoconch whorl. to 14-18 (holotype: 16) on
the penultimate whorl. The ribs are more distinct
of the first 4 teleoconch whorls, and obsolete on
subsequent whorls. The strong, raised incremental
lines add to give the shell a coarsely muricated
appearance. Spiral sculpture well and equally de-
fined on all teleoconch whorls, consisting of low,
narrow, subequal cords, slightly rounded above,
with narrow interspaces usually about 1/3 of cords
width, up to 2/3 of cords width in the transition
zone to the siphonal canal. The number of cords
on the exposed part of upper spire whorls increases
from 5-6 (holotype: 5) on the first teleoconch whorl
to 30 on the penultimate whorl of largest specimen
available. The last adult whor! of the holotype has
45 cords, of which about 16 are on the siphonal
canal. The largest specimen has about 90 cords on
the last whorl, of which 25 are on the siphonal
canal. Aperture narrow-elongate, comprising 35%
to 37% (holotype) of total shell height (without
the canal). Outer lip thin, simple. Siphonal canal
narrow, long, crossing coiling axis. Inner lip with
thin glossy callus. Columella without plaits. Color
of the shell uniformly yellowish.

Dimensions of largest adult: height 43.4 mm,
last whorl height 29.3 mm, aperture height 15.0
mm, siphonal canal length 7.5 mm, diameter 11].8
nm.

Dimensions of holotype: height 19.0 mm), last
whorl height 13.2 mm, aperture height 7.0 mm,
siphonal canal length 2.8 mm, diameter 6.5 mm.

Remarks: The species is slightly variable in the
prominence of the axial ribs and degree of shoulder
angle.

E. elegans is most similar to specimens of FE.
krigei and differs from them in having (a) a much
finer spiral sculpture (30 instead of 19-21 cords on
the penultimate whorl and 90 instead of 55-62 on
the last whorl) and (b) more poorly developed axial
ribs, which become obsolete after the 4th teleo-
conch whorl. Despite these differences, it should
be noted that there is a 300 km gap between the
nearest known occurrences of £. elegans and E.
krigei and it will be critical to see material from
that region to confirm whether they are two valid
species or whether some sort of clinal variation
may OCCLIT.

The species was described and known until now
from the dead collected holotype. Although Bar-
nard [1959] placed the species in Fusivoluta Mar-
tens, 1902 (Volutidae), he mentioned its much
smaller protoconch and noted its resemblance with
Benthovoluta hilgendorfi. Rehder [1969, p. 205],
without much discussion, excluded the species from
the Volutidae based on the small protoconch size
and placed it in the Fasciolariidae (subfamily Fu-
sininae). Kilburn (personal communication) drew
our attention to this nominal species and its re-
semblance to Benthovoluta. Although neither radula
nor anatomy is known the conchological characters
of E. elegans are well within the limits of other
Recent species of Exilia. The holotype is illustrated
photographically for the first time. Judging from
the size of the specimens in the Natal Museum,
the holotype is immature.

Exilia vagrans Kantor and Bouchet,
Sp. nov.

(Fig. 23; 24)

Type material: Holotype in MNHN.

Type locality: Vanuatu, off NE Malekula 1.,
15°54°S, 167°30°E, 1100-1191 m [MUSORSTOM
8, sta. CP1076].

Material examined (all in MNHN): PHILIPPINES.
MUSORSTOM 2 R/V Coriolis: sta. CP55, 13°54’N,
119°58’E, 865 m, 3 lv. — Sta. CP56, 13°54’N, 119°57’E,
970 m, 3 v (Fig. 23E).

VANUATU. MUSORSTOM 8 R/V Alis: sta. CP956,

20°33’S, 169°36’E, 1175-1210 m, 2 Iv. — Sta. CP990,
18°52°’S. 168°51’E, 980-990 m, 3 dd. — Sta. CP991.
18°51°S, 168°52°E, 910-936 m, 1| dd. — Sta. CP1008,

18°53'S, 168°53'E, 919-1000 m, | dd. — Sta. CP1036,
18°01°S, 168°48°E, 920-950 m, 1 dd, 2 Iv (Fig. 23
C-D, F). — Sta. CP1037, 18°04’S, 168°54’E, 1058-1086
m, | lv. — Sta. CP1076, 15°54°S, 167°30’E, 1100-1191

PUC. 22. A-G. Exilia krigei (Kilourn, 1971). A-B. Tonorun, Mosambuk (NM 6077: T1561), 70,8 mm. C-D. Hartans

(NM BI1526), 69,9 mm. E. Harans (NM B1525),

68,7 mm. F. Mosambuk, Inhaca Island, 475 m (USNM

824943), 65,6 mm. G. Mosambuk, Inhaca Island, 475 m (USNM 824943), 55,6 mm. Exilia elegans (Barnard,

1959). H-I. Tonortun, South African Museum. J. B

pafioHe pexku Qora, 450-460 M (NM C 6629), 18,1 mm.

K-M. B patiode pexn Kei, 390 m (NM C 5203), 43,4 mM. M. ¥YeeauueHHass CNMpasibHasl CKYAbOTypa.



|20 Yu. Kantor. Ph.

Bouchet, A. Oleinik

m. | v (holotype., Fig. 23 A-B, G). — Sw. CP1110,
14°49'S. 167°15"E, 1360 mv, | dd. — Sta. CPIL11]. 14°51°8,
167°14'E, 1210-1250 m, | v (Fig. 23 H-I). — Sia.

CPL123, 15°38°S, 166°38°E, 1160-1220 m, 1 dd — Sta
CPL1126. 15°58’S, 166°40°E, 1210-1260 m, 4 Iv. — Sia
CPLI27, 15°59°S, L66°38°E, 1052-1058 m. | Iv. — Sia.
CP1129, 16°01'S, 166°40°E, [014-1050 m, 5 Iv (Fig. 23
J-K).

WALLIS & FUTUNA MUSORSTOM 7 R/V Alis.
sta. CP621, 12°35°S, 17871 1°W, 1280-1300 m, 4 lv. —
Sta CP622, 12°34°S, 178°11°W, 1280-1300 m, 4 lv. —
Sta. CP623, 12°34°S. 178°15°W, 1280-1300 m, 5 Iv.

F1]] BORDAU 1 R/V Alis: sta CP 1458, 17°22°S,
179°28'°W, 1216-1226 m, 1 v, 2 dd. — MUSORSTOM
10 RAV Adis: sta, CPI361, 18°00°S, 178°53.7°E, 1058-1091
m, 5 lv

LOYALTY BASIN. BIOGEOCAL R/V Corioliss sin
CP260. 21°00'S, 166°58°E, 1820-1980 m, 1 dd. — Sia
CP260, 21°28'S, 166°23'E, 1260-1300 m. 1 dd.

Distribution: The Philippines and the SW Pa-
cific (Manuatu, Wallis and Futuna, Fiji, and the
Loyalty Basin), alive in 865-1280 m, shells in
508-1820 m.

Description: [Holotype; description of proto-
conch based on specimen from MUSORSTOM §
sta. CPI1Q36, Fig. 23C]. Shell narrow-fusiform,
solid, consisting of about | protoconch and 7.5
teleoconch whoils, with shallow impressed suture,
concave above shoulder, convex below it. Proto-
conch (Fig. 23F) paucispiral, smooth, diameter
0.88 mim, with large bulbous nucleus, protoconch
/teleoconch discontinuity marked by strong opist-
hocyrt ribs. Teleoconch sculpture consisting of
strong orthocline ribs extending abapically of sho-
ulder, and crossed by numerous, nmuch narrower
spiral cords. In addition, there is a strong micro-
sculpture of incremental riblets, which are parti-
cularly thickened and raised tn the subsutural sul-
cus, and give the shell a finely beaded appearance
when they cross the spiral cords. The number of
primary ribs increases from 10 on the first whorl
to 13 on the penultimate whorl, where they are
less defined; they are indistinct on the last adult
whorl. Spiral sculpture well and equally defined on
all teleoconch whorls, consisting of low, narrow,
somewhat wavy cords, rounded above, more closely
set on adult whorls, interspaces gradually diminis-
hing from more that 1.5 of cords width on the
adapical 4 teleoconch whorls te equal to cords
width or narrower on the penuluimate and last
whorls. The number of cords on the exposed part
of upper spire whorls increases from 5 on the first
teleoconch whorl to 2] on the penultimate whortl.
There are no cords in the subsutural sulcus. The
last adult whor! has about 80 cords, of which about
30 are on the siphonal canal, where they are about
.5 times wider that on the whor] periphery. Aper-
ture moderately broad-elongate, comprising (wit-
hout the canal) 34% of total shell height. Quter
lip thin. Siphonal canal rather wide, long, not
crossing coiling axis. Inner lip with thin glossy
callus. Columella with 2 very weak, eqgually deve-
loped plais.

Color of the shell: protoconch dark chestnut

brown; 5 first teleoconech whorls whitish, gradually
darkening t¢ ¢hestnut brown on subadult and adult
whorls. An ill-defined broad whitish band on the
shell base and canal appears 10 be caused by surface
corrosion.

Dimensions: height 53.5 mm, last whorl height
38.0 mm. aperture height 20.0 mm, siphonal canal
height 11.7 mm, diameter 153 mm.

[Onucanpne: (ronoTyn. ONUCIHHWE TNPOTOKCHXA GCHO-
BAIHO Ha 3K3eMmsipe co c1. CPL036 MUSORSTOM 8.
Puc. 23C). PakoBHHI Y3KO-BEPETCHOBMAHAS, MPOYHAS.
COCTOMUT MPHUBAKIMTENBHO W3 OAHOTQ ODOPOTA NPOTOKOHXD
n 7.5 oboporop Tencokonxa. O6opoTel TENSOKOHXA pPa3-
DENEHLI HErNYySOKUM BAJBNEHHbLIM LIBOM, BOTHYTbl OKORO
NAe4a Y BeiNykSibt Huxke ero. [lpoTtokonx (Puc. 23F)
ManooBOPOTHBIN, TAIAKHI, C KDYIHBIM B3IOYTbiM HOPOM.
anameTpom 0,88 mMm, paHuvud Mexdy NPOTOKOHXOM M
TENCOKORXOM OTMEYUCHA CHIbHbBIM OnHC’TOUHp’THb]M p€6-
pomM. CRYABNTYPE TENEOKOHXA 0BpPO30BAHA CHNBHLIME OpP-
TOKNHMHHBIMM  OCCRBIMMKM  CKANAKAMKM, [MPCCTHPRANCLWIHMKMCA
QT IUBa A0 NAeya W NEPCCeYCHHBLIMKM MHOMOUWHCACHHBIMM
HAMHOIC BONEE MENKHMHK CNUPANbHBIMKY pebpamu. Kpome
TOrO., MMEETCH “ETKO BLIPAXCHHAS MWKPOCKYNbLATYpa, 06-
[PA3JOBAHHAN OTUCTIIHRBEIMHKW JHHHKSIMK -HIPACTIHWA, KOTO-
ObIE  YTOALWEHL! W MNRPUNCOHATEI HA NPHWOBHOH [No-
WaKe, AcAaan NOBCPXHOCTE PAKOBMHDBI MODUJ,MHHCTOH,
KonuuecTno oOCCBBIY CKAALACK YyRenHuupBaeTes oT 10 Ha
nepsomM oGopoTe Ao |13 Ha npeanocnegaHem. Ha rnpean-
nocneaHem ©BOPOTE CRIANAKH MEHCC BbIPAMXCHBI, 4 HA
nocnegrHem o6opoTe — HeoTueTarssl. CNUPAABHAS CKYIb-
ATypPa PABHOMEDHO XOPOoUIO BbIPAKEHa HA BeeXx ofapoTax
TEACOKOHXA W O6DC|JOFS(1HJ. TOHKFMH HUZIKHMUW, CHAErKa
BOJAHMCTLIME JAKPYFNEHHBIMK CBEPXY pedpbilukamy, Gorce
TCCHO PACTIGNOXEHHBIMH HO MOcAcOHWY 0dopoTax. Pac-
CTONHKME MEXAY PCOPLIWKAMYE NOCTCACHHO YMCHBLWACTCA
OoT 1.5 whpuHebl pebpbluxa Ha BEpxsux 4 oboporax no
WHPpHHLI pebpBIlUKa MM MEHEE Ha NPEANCCASAHEM M
nocncarem oboporax. Konuuectso pebpbluiek Ha BHOM-
MCH JacTH OBOPOTOR YBENWMHBIESTCA OT 5 HO mOepposm
oBopore TeneokoHxa o0 21 Ha npeanocaeaHem obopore.
Hu npuwoBHok naclianke pPedpLilukHd OTCYTCTBYOT. Ha
nocheAHeMm obopoTe pacnoaaracTes okono 80 pebpbiuek,
M3 KoTopklx okoao 30 — Ha cH@OHAALHOM BbIpOCTE.
roe oMW B 1,5 paza wwupe, sem Ha nepudepuin 0bOPoOTH
YoTee yMCPEHHO IIHPOKOE, YONUHCHHOS, cocTaBnseT (Geu
kaHana) 34% obwel BuIcOTh PakoBHHBI. Hapysxnan rydo
ToHkas, CH(POHAMBHBIN KAHAT A0GONLHE WWMPOKWUK. (U~
Hisld, HC NEPCCCKACT OCH PAKOBUHLL. BHyTpeHHsa ryGa
C TOHKwM OnceTauwluM xamnycom. Konaymenna ¢ asyms
DUECHbB CJ’I(’l6bIJ\1M OAHMRAKOBG PAIBHMTRIMH CEAJOKIME.

OKPacKa pakonHHbL MPOTOKOHX TEMHO-KAIUTIHORLIN,
5 nepsbiXx O0OPOTOR  TEAGOKOHXA OenoBaThie, K nNpea-
nocneAHCMY H AOCACOHCMY O6ODOTOM NOCTETIEHHO TCM-
HEKT A0 KAWTAHORLIX. HeoTueTampan wHpokas GenosaTan
CAMPANBHAN MNOAACA HA OCHOBAHMW PAKOBHHLL M Clo-
HAABHOM BLIPOCTC BbI3BAHA KOPPO3IMEH MNOBCPXHOCTH Di-
KOBHHBI.

PasMepbt: BbICOTA PAKOBMHBI 535 MM, BLICOTA Noc-
nenrerc oGopoTta 38,0 mm. BoicoTa yorbst 20,0 Ma, gauHA
cuonanbroro KaHana | 1.7 MM, gHamMeTp pakopvHut 15,3
Mm|.

Remarks: The material examined 1s very similar
to the holotype in shell outline and sculpture pattern,
and differs in shell color, from light chestnut brown
to dark brown, and degree of angulation of the
shoulder, which may be nearly evenly rounded. The
columellar plajts are always poorly developed, but a
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FIG. 23. Exilia vagrans, sp. nov. A-B Holotype, Vanuauq 1100-1191 m (MUSORKSTOM 8 sio. CP1076). 3535
num. C Vanuatu, 920-950 m (MUSORSTOM § sta CPI036), 41.7 mm D Vanuaw, 920-950 m (MUSORSTOM
8 sia. CPI036). 40.0 mm. E.  Phdippmes. 970 m (MUSORSTOM 2 sta CP56). 43.0 mm. F. Proloconch of
specimen in Fig 23C. scale bar 500 ¢m G Enlarged sculpture of bholotype H-l. Vannatu, 1210-1250 m
(MUSORSTOM 8 sta. CPlLIIL), 476 mm J-K Specimen wilh atlached zoantharians, Vanuatu, 1014-1050 m
(MUSORSTOM 8 sta. CP1129), 229 mm.

PUC 23, Exilin vagrans. sp. nov. A-B Tonotun, Banyaty, 1100-1191 M (MUSORSTOM 8§ c1. CP1076). S3.5 Mum
C. Banyary, 920-950 m (MUSORSTOM 8 ct. CPI036). 41,7 mu. D. Banyary, 920-950 M (MUSORSTOM §
cr. CP1036), 40,0 ma. E Dupuanure, 970 M (MUSORSTOM 2 ¢t CPS56), 43.0 mm. F [lporokoHx skiemmnnspa
Ha puc. 22C. MacwiTad 500 skm. G. Yeenuuenuan ckyabnypa rosotuna. B-1. Banyary, 1210-1250 M (MUSORSTOM
8 ¢r. CPILI), 47,6 MM J-K 3xsemnaap, NOKpbiTbiM 300RTapusmu, Banyary. 1014-1050 » (MUSORSTOM 8

cr. CPI129), 229 wMac

third plait is occasionally present. The largest spe-
cimen (MUSORSTOM 10, sta. CP1361, from Fiji)
has a shell height of 60.7 mm, last whorl height
42,0 mm, aperture height 21.2 mm, siphonal canal
height 14.0 mm, diameter 18.0 mm.

Exilia vagrans is most similar to E. blanda and

differs from it and other congeners by its salmon
to chestnut colour and dark chestnut protoconch,
very thin but disuinct spiral cords, and strong mic-
rosculpture  of ncremental riblets, particularly
strong and raised in (he subsutural sulcus. Juveniles
of the deep-waler form of Exitia hilgendorfi from
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O & Evilio expedisionis,
wype locality and examined
mmuaierial

O B Exilia kiwe, now species
type locality and enamined
muatenal

type kocality and examined
malerial

@ Lo dia grapheduloides.
REW SPOCiel., Iype
lescalaty mnad exammed
material

FIG: M Dwasibuton of Evie epedivoss (Dell, 1958, £ kiwi, sp. pov, £ vegross, sp. omov, and £ praphideisides

e

PHC. M. Pacnpocrpaiienss  Evilie expedionis (Dell, (958), £ ki, sp nov., E vagrans, sp, nov. W £ praphiduiside

Lo

New Caledoma and Fiyi may strongly resemble £
vagrans in outline and sculpture of the upper whortls.
However, the sdults can be segregited unambiguo-
usly by the much finer spiral sculpture and darker
shell of E vagrans. Exilia vagrans and E hilgendorfi
are sympaltric over the whole range of the former,
which ends 1o occupy 8 deeper bathymetric zone
o 0l bottormd. However, the two species were
collecied together st several stations in Vanuatu
(MUSORSTOM &, sta CTP956), Fip (MUSORS-
TOM 10, sta CP1361) and the Loyalty Basin
(BIOGEOCAL, sta CP238), The co-occurence of
Iiving specimens 8l the Vanuatu and Fiji stations
cited indicales occasional actual syntopy [(Fig. 25).

Exilig vagrans has been trowled on muddy bot-
toms, where it probably lives on top of the sediment,
as evidenced by the many matances of shells of
Iiving snails that carry rosntharians (Fig. 23 J-K).
The dork brown protoconch, with sharp protoconch
Jieleoconch discontinuty, suggests that there & a
shon free-swimming larval dispersal

Erymology: From the Latn vaprans {ad) ), wan-
derer, by reference 1o the infered demersal dispersal
al the larvae ol this species.

Exifia sp. A
(Fig. 27 A-C)
Mlateral exacumed- HE"I.FHIIJN BN Aarros - Jafresne

Crlse M3 s CP140, 30°91°5, 55°38°E, 1612-1690
m, | Iv {MNHM, Fig. 27 B-C)

MADAGASCAR RN Vawbon ma CHIZT, |500S,
AVE, ITI5-173 m;, | Iv (MNHMN, Fig I7A)

Description: [Based on the specimen from
MDA, sta. CTP140]. Shell fusiform, solid, consis-
ting of I+ [nuclews of protoconch missing] proto-
conch and 6.3 convex teleoconch whorls, with
adpressed suture. Protoconch and eardy teleoconch
wharls etiched. Teleoconch whords showldered. an-
gulated mt mid-whor| height on adepical whorls,
in the vpper third on the last three whors, deli-
miting a concave subsutural sulcus. Teleoconch
sculpture consisting of strong shightly prosocline
nbs crossed by low spiral cords. The number of
axial ribs increases from 9 on the first imacy whorl
w14 on the penuliimate whorl, where they are
not so strong as on the spire; they are indistinct
on the last hall of the last whorl Spiral sculpture
consisting of -low, rather narrow cords, slightly
rounded sbove, covering the entire shell surfoce,
interspaces equal o or wider than cords widith on
the adapical 4 elecconch whorls, shghtly narrower
that cords on subsequent whorls. The pumber of
cords on the exposed pairt of upper spire whorls
mereases from 5 on the first intact teleoconch whorl
to 19 on the penultimate whorl The |ast whor has
Il eords, of even width, in the subsutural sulcus,
17, broader, on shoulder and periphery, 11, low,
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! { B

O ® Gciia vagrans, Sp. nov.
o Exilia hilgendorfi, deep-water form from New Caledonia, Fiji and Tonga

FIG. 25. Distribution of Exilia vagrans, sp. nov. of New Caledonia, Loyalty Islands, Vanuatu, and Fiji. The arrows
indicate the stations where it was found co-occuring with E. hilgendorfi.

PUC. 25. PacnpoctparHenue Exilia vagrans, sp. nov.

y Hosoit Kaneanouuu, o-sos Jlosintu, Banyary u Puaxu.

Crpenky 06O3HAYAOT CTAaHUMM, TAe BMA Obln HallgeH cosMmecTHO ¢ E. hilgendorfi.

on the transition to the siphonal canal, and about
30, finer and poorly pronounced, on the canal.
Aperture oval, comprising (without canal) 35% of
total shell height. Outer lip thin. Siphonal canal
rather broad, long. Inner lip with thin glossy callus.
Columella with 2 very weak equally developed
plaits, visible when the shell is turned clockwise
1/3 of a whorl.

Color of the shell: yellowish tan with an incon-
spicuous subsutural darker band, upper part of spire
slightly lighter, on the last whorl there is an in-
conspicuous lighter band below periphery.

Dimensions: height 59.0 mm, last whorl height
41.3 mm, aperture height 20.8 mm, siphonal canal
length 11.3 mm, diameter 17.7 mm.

Distribution: Réunion and Madagascar, alive in
1600-1750 m.

Remarks: The 44.0 mm high specimen from
Madagascar (Fig. 27A) is essentially similar to the
specimen from Réunion described above, and dif-
fers from it in having narrower and more even
spiral cords separated by broader interspaces.

Exilia sp. A is superficially very similar to spe-
cimens of E. hilgendorfi from the south-west Indian
Ocean (Fig. 17), that live sympatrically with it but
occupies a more shallow bathymetrical range: there,
E. hilgendorfi is recorded alive in 310-640 m, vs
1690-1715 m for Exilia sp. A. Exilia sp. A differs
from it, and from E£. vagrans, by having narrower
and more numerous axial ribs and subtle differences
of sculpture, combining the coarse spiral sculpture
of hilgendorfi and the fine beading of the incre-
mental riblets of vagrans. Despite those differences,
Exilia sp. A could easily be interpreted as a deep-
water form of E. hilgendorfi or a form of £. vagrans,
if it were not for the unique characteristics of its
radula: the cusps of the rachidian teeth emanate
not from the anterior edge, as in E. hilgendorfi and
E. vagrans and all the other species of Exilia that
we have studied, but from the middle part of the
basal part of the tooth, so that anterior face of the
tooth is distinctly concave (Fig. 13 E-H). We
hypothesize that these radular differences indicate
that Exilia sp. A is specifically distinct from E.
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hilgendorfi and E. vagrans, but we remain uncertain
of its identity. Exilia sp. A also resembles E. cortezi,
but this is a species from another biogeographical
province and its radula is unknown. The material
at hand is too scattered and further research on
these tropical deep water populations of FExilia is
needed.

Exilia blanda (Dall, 1908),
new combination

(Fig. 27 J-K)

Daphnella (Surculina) blanda Dall, 1908: 291, pl. 3, fig.
1.

Other references:

Daphnella (Surculina) blanda: Kabat, 1996: 7.

Surculina blanda. Powell, 1966: 137, pl. 22, fig. 7 (ho-
lotype). — Rehder, 1967: 184, fig. 7 (holotype). —
Keen, 1971: 622, hg. 1358.

Type material: Holotype USNM 123119.

Type locality: Costa Rica, SW of Cabo Blanco,
05°30’N, 86°45'W, 1952 m [Albatross, sta. 3366].

Distribution: Known only from the type locality.
Material examined: The holotype.

Description: Shell fusiform, thin and fragile,
consisting of 7+ [protoconch and upper teleoconch
whorl missing] convex teleoconch whorls with shal-
low, slightly adpressed suture. Upper teleoconch
whorls shouldered, slightly angulated at mid-height,
with concave subsutural sulcus. Sculpture consisting
of weak, opisthocline ribs crossed by low spiral
cords separated by distinct grooves. In addition,
there is a microsculpture of sigmoid incremental
riblets, which are particularly thickened and raised
in the subsutural sulcus of the last and penultimate
whorls, and give the shell a finely beaded appea-
rance when they cross the spiral cords. The number
of primary ribs is 14 on the first preserved teleo-
conch whorl, 16 on the second wherl, and 12 on
the third whor!, where they become obsolete.

Spiral sculpture consisting of low, rather narrow
cords, slightly rounded above, covering the entire
shell surface except subsutural sulcus of last whorl,
interspaces equal to cords width on first 4 teleo-
conch whorls, slightly narrower than cords on
subsequent whorls. The number of cords on the
exposed part of upper spire whorls increases from
5 on the first preserved whorl to 12 on the penul-
timate whorl. The last adult whor] has 43 cords,
of which 2 only are in the subsutural sulcus and
20 on the canal. Aperture narrow oval, comprising
(without the canal) 38% of total shell height. Outer
lip thin. Siphonal canal rather broad, long, crossing
coiling axis. Inner lip with thin glossy callus. Co-
lumella without plaits, although traces can be seen
as two very low swellings at higher magnification.

Color of the shell: yellowish tan, aperture inside
more bright.

Dimensions: height 26.5 mm, last whorl height

19.0 mm, aperture height 10.3 mm, siphonal canal
length 5.5 mm, diameter 8.0 mm.

Remarks: The small holotype with thin outer
lip may be immature. It resembles Exilia kiwi sp.
nov., which also lacks an operculum (as was stressed
for D. blanda when the genus Surculina was estab-
lished), but differs from it by its slightly lower spire
and much more pronounced spiral cords (these are
indistinguishable on the last whorl of E. kiwi). Both
occur at comparable depth ranges (1952 m for £.
blanda and 1386-1723 m for E. kiwi).

Exilia cortezi (Dall, 1908),
new combination
(Fig. 27 D-I)
Daphnella (Surculina) cortezi Dall, 1908: 292.

Synonym:
?Leucosyrinx  galapagana Dall, 1919: 5. pl. 3. fig. 2.
(new synonym)

Other references:

Daphnella (Surculina) cortezi: Kabat, 1996: 9.

Phenacoprygma cortezi: Dall, 1925 23, pl. | fig. 7 (USNM
204050). — Oldroyd, 1927: 168, pl. 13 fig. 7 (“type™).

Surculina cortezi: Rehder, 1967: 184, fig. 8 (“holotype”),

10 (radula).

Surculina galapagana: Rehder, 1967: 184, fig. 9 (“holo-
type”). — Keen, 1971: 622, fig. 1359 (copied from
Rehder).

Type material: D. cortezi: Dall described Dap-
hnella cortezi based on two specimens, one (USNM
110613) from Albatross sta. 2919, which Dall con-
sidered to be “the typical species”, and one (USNM
204050) from Albatross sta. 4353; the former spe-
cimen was illustrated by Oldroyd [1927: pl. 13 fig.
7] as “type”, and the latter by Rehder [1967: 185,
fig. 8] as “holotype”. Although by illustrating the
specimen USNM 204050, Dall [1925] implicitly
suggested that he was treating that specimen as the
name-bearing type, Oldroyd’s restriction of the
“type” to USNM 110613 was accepted as a valid
lectotype designation by Kabat [1996: 9-10] and
we follow this interpretation. — Leucosyrinx gala-
pagana: two syntypes USNM 96494; one of them
1s illustrated as “holotype” by Rehder [1967] but
this does not consitute a valid lectotype designation
under Art. 74.6 of the Code; to stabilize the name
in the sense of Rehder, this specimen (Fig. 27
F-H) is here formally designated as lectotype, the
second, drilled, syntype (Fig. 271) becomes para-
lectotype.

Type locality: D. cortezi: Off Cortez Bank, NW
of San Clemente Island, California, 32°17'N,
F19°17°W, 1800 m [Albatross sta. 2919], and off
San Diego, 1170 m [Albatross sta. 4353]. — L.
galapagana. off San Cristobal, Galapagos Islands,
00°36.3’S, 89°19°W, 1160 m [Albatross sta. 2808].

Distribution: Off California and Galapagos ls-
lands, 1160-1800 m.

Material examined: Syntype of D. correzi from
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FIG 26 Fxilia expedinonis (Dell, 1956) A-B. New Zecaland, South Istand, 939-1019 m (NMNZ M 60422), 421
mm C-D. Paratype, Chatham Rise, 476 m (NMNZ M. 10584), 273 wmm. E-F Mernoo Bank, 999-984 m
(NMNZ M.59717), 322 nmum. G-H Bounty Platform, 726 m (NZOI sta 1698), 26 0 mm [-J. Bounty Platform,
917 m (NZOI sta 1697), 28.8 mm K. Bounty Platformy, 808 m (NZOI sia 1689), 300 mm. L. Samc specimen
as Fig E-F. protoconch. Scalc bar: 500 pm.

PUC. 26. Exitia expeditionis {Dcll, 1956). A-B Hosas 3enanana, South Island, 939-1019 M (NMNZ M.00422).
42 Y mm C-D. Maparun, Chatham Rise, 476 s (NMNZ M 10584), 27,3 ma E-F. Mernoo Bank, 999-984 wm
(NMNZ M.59717), 32,2 mMm. G-H Bounty Platform, 726 m (NZOY c1 (698). 26,0 mm. I-J Bounty Platform,
917 M (NZOI ct. (697), 28,8 mMm K Bounty Platform, 808 M (NZOI cr 1689). 30,0 mm L. TlporokoHx
ak3eMnapa Ha puc. 25 E-F. Macwrab: 500 mKMm

Albatross sta. 4353 (USNM 204050; Fig. 27 D-E) and upper teleoconch whorls corroded] whoris,
and type material of L galapagana (Fig. 27 F-H). with shallow adpressed suture, deeply concave

Description [based on lectorype of D. correzi): abgve shoulder, angulalcq in uppes third of wh_orl
Shel) fusiform, solid, consisting of 6.5 [protoconch height  Sculpture consisting of strong orthocline
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FIG 27 Eviha »spp. A-C. Exilin sp A. A  Madagascar,
Reunion, 1612-1690 m (MD 32, st
California, 1170 m,
(160 m, lcctolype of Lencosyrinx galapagana Dall,

as Fig. D-E) |

1908) Holotype (USNM 123119). 26 5 mm.
PUC 27. Exilia spp A-C. Exilin sp. A A. Maparackap,
PoioHboH, [612-1690 M (MD 32, ct. CPI40), 59,0 atm

Kanugopuus,

1160 M, nekvotun Lencosyrinn golupagana Oall, (919 (USNM 96494),
Vapanekrorstn  Lewcosyrinx galupagana (USNM  96494),
26.5 MuM.

sacwTabe,
blanda (Dall.

410 u puc. D-E). 1

1908). Tonotua (USNM 123119).

nbs crossed by low spiral cords separated by distinct
grooves. In addition, there is a microsculpture of
fine spiral striae that cover both the cords and their
nlerspaces, and of strong incremental riblets, which
arg particularly thickened and slightly raised in the
subsutural sulcus of the penultimate and last whorls,
and give (he shell a finely beaded appearance when
they cross the spiral cords The mumber of primary

CPl140). 59.0 mim
paralectotype of D cortezi (USNM 204050), 43.5 min.
1919 (USNM 96494),
Paralectotype of Lencosyrinx galupagana (USNM 96494),

CHI27), 440 mm. B-C.
1508) D-E. OIT San Diego.

1715-1750
D-I

Sta

m  (Vauban,
Extlia cortezi (D)),
F-H Of the Galapagos Islands,
169 mom. (Fig F 15 at the same scale

18.7 mm. J-K £xilia blundi (Dall,

1715-1750 w  (Vawbon, e1. CHI27), 440 mm  B-C.
D-l. Exilia cortezi (Dall, 1908). D-E VY Can-Anero.

170 a. napasiekvotun D cortezi (USNM 204050). 43,5 mm F-H. Oxono [Nananarocckux o-pog,

16,9 mm  (Puc. 26F npuBeaed 8 ToM Xe

18,7 MM J-K. Exiliv

nibs increases from 12 on the first preserved tele-
oconch whorl to 15 on penultimate whori; on the
last whor! the ribs are a little depressed at periphery
and beccome obsolete in the last hall of the whorl.
Spiral sculpture consisting of Jow cords of uneven
width, slightly rounded above, covering the entire
shell surface, interspaces equal to or slightly nar-
rower than cords width on upper 2.5 teleoconch
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whorls, less than half of cords width on subsequent
whorls. The number of cords on the exposed part
of upper spire whorls increases from 11 on the first
preserved teleoconch whorl to 17 on the penulti-
miate whorl. The last adult whorl has 9 even, narrow
cords with equal interspaces in the subsutural sul-
cus. 19 broader cords on shoulder, periphery, and
base, and about 16, gradually narrower but still
distinct, on the canal. Aperture oval, comprising
(without the canal) 38% of total shell height. Outer
lip thin. Siphonal canal rather broad, long, not
crossing coiling axis. Inner lip with thin glossy
callus. Columella with 2 very weak, equally deve-
loped plaits. or rather mere thickenings, visible
when the shell is turned clockwise 1/3 of a whorl.

Color of the shell: unifornily yellowish tan, with
aperture slightly darker inside.

Dimensions: height 43.5 mm, last whorl height
33.7 mm, aperture height 16.5 mm, siphonal canal
length 11.8 mm, diameter 14.3 mm.

Remarks: The lectotype of Daphnelia cortezi is
a large specimen with a shell height of 43.5 mm
(upper whorls corroded), while the lectotype of
Leucosyrinx galapagana is only 16.9 mm high. Their
examination reveals an extremely similar sculpture
at comparable sizes and suggests their conspecificity
(see Fig. 27D and 27F, where both specimens are
illustrated at the same scale). The paralectotype
was cut open on the dorsal sicde of the shell, probably
by Dall. [t can be seen, that on the columella there
15 a very thin and low spiral ridge, which corres-
ponds to the columellad plait.

We have discussed above the resemblance of
Exifia sp. A, from deep water in the SW of the
Indian Qcean, and Exifia correzi.

Exilia expeditionis (Dell, 1956),
new combination

(Fig. 24; 26)
Chathamidia expedinonis Dcll, 19560 118-119. figs. 159-160,
Swrculing expedirionis, Cernohorsky. 1973, 130 — Powell,

1979 217. figs 45.8. 459

Type material: Holotype (M .9260) and paraty-
pes in NMNZ, paratypes in Canterbury Museum.

Type locality: New Zealand, Chatham Rise,
MV Alert, 44°04°S, 178°04°W, 476 m.

Material examined {(all in NMNZ): Chatham Risc.
M/V  Alerr, 44°04°S, 178°04'W, 476 m. | v, paralype
(NMNZ M. 10584: Fig 26 C-D) Memoo bank. Northern
Mernoo slope. R/V Tangaree, 42°38.2°S, 176°10.5'E, $99-
984 m. 4 Iv {(NMNZ M.39717, Fig. 26 E-F)

SOUTH [SLAND  Papanui Canyon. R/V  Munidu
43°46’S, (71°D3'E, 660 m. | iv. 2 dd (NMNZ M 38319
— Off Cape Campbell. RV Tangaroe, 42°00 8’5, 174°41 O'E.
939-1019 m, 2 v (NMNZ M.60422, Fig. 26 A-B)

BOUNTY PLATEFORM. 48°50.6'S, 178°41.5'E, B80S
m, | v (NZQI sta. 1 689 R/ Tungwrea, Fig 26 XK)
— 48°29.1'S. 78°I6.6'E. 917 m. | Iv. 1 dd (NZOI
sta. [ 697, Fig. 26 [-ID. — 48°20°S. 178°30°E, 726 m,
2 Iv. 4 dd (NZOI sta. 1 698. Fig. 26 G-H). — 48°109'S.
178°15.9°E, 875 m, | lv (NZOI sta 1 703)

Distribution: New Zealand, off the east coast

of South Island to the Chatham Islands, alive in
476-984 m.

Description: Shell fusiform, with comparatively
short spire, thin but solid, consisting of 1.3 proto-
conch and up to 6 very shouldered teleocench
whorls, with shallow impressed suture, concave
above shoulder, convex below it. Protocench (Fig.
26 L. from specimen NMNZ M.58717 illustrated
Fig. 26 E-) paucispiral, diameter 1.1 mm, nucleus
not bulbous, with convex, smooth whorls. Teleo-
conch sculpture consisiing of strong orthocline axial
ribs crossed by narrow spiral cords separated by
distinet grooves. |In addition, there 18 a microscul-
pture of fine spiral striae that cover both the cords
and their interspaces. On the upper whorls the ribs
extend also adapically of shoulder, but on later
whorls gradually fade in the subsutural sulcus and
below periphery, and on the last whorl tend do be
restricted to short, broad nodes at the shoulder,
with individual specimens ranging from nearly smo-
oth to normally ribbed on the shoulder and perip-
hery. The number of rbs is individually variable,
13-15 on the first teleoconch whorl, 11-16 on the
penultimate whorl, 9-17 on the last adult whorl.
Spiral sculpture well and equally defined on all
teleoconch whorls, consisting of low cords, slightly
rounded above, rather narrow but of uneven width,
separated by interspaces ranging from about half
1o more than cords width. The number of cords
on the exposed part of upper spire whorls increases
from 6-7 on the first to 18-23 on the penultimate
wlhorl. The last adult whorl has 54-71 cords, but
these may be rather indistinct in some speciimens,
the cords are thin and narrow on the subsutural
sulcus and shoulder, considerably broader, flattened
and closely set on periphery, and narrower again
on the canal which has 23-25 cords. Aperture from
wide to elongate-oval, high, comprising (without
the canal) 45-51% of total shell height. Quter lip
thin, simple. Siphonal canal narrow, long, crossing
coiling axis. Inner lip with thin and narrow glassy
callus. Columella without plaits.

Color of the shell: protoconch whitish; rest of the
shell from uniformly white to uniformly vellowish.

Dimensions of the largest specimen (off Cape
Campbell, NMNZ M.60422) (Fig. 26 A-B): height
421 mm, last whorl height 32.2 mm, aperture
height 19.5 mm, siphonal canal lengih 7.6 mm,
diameter 154 mm.

Remarks: Specimens from the Bounty Platform
(Fig. 26 G-K} are recognizable by their broader
(diameter/height 0.38-0.41 instead of 0.31-0.36)
and white shells. For comparison with Exifia kiwi,
see that species.

Exitia kiwi Kantor and Bouchet,
Sp. nov.
(Fig. 24; 28)

Type material: Holotype and 3 paratypes in
NZOI.
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FI1G. 28. Exilin kiwi, sp. nov. A-B. Mermoo Bank,

Bounty Trough, (38 m (NZOl sia 1068), 3t.8 mm.

1723-1549 m (NMNZ M 59743y, 373 mum C-F. Holoype,

C. Enlarged spirc whorls of hololype. D. Proloconch

Scale bar 500 ;m. G-H. Pasatype, 26.5 mm |. Paratype, 212 mm.

PUC 28 Exilia kiwi, sp. nov A-B Memoo Bank,

1723-1549 M (NMNZ M.59743), 37.3 mm. C-F Tonotun,

Bounty Trough, 1386 m (NZOI cr. 1068), 31,8 mm. C. Yeenauuewnusre Bepxnuc obopoTul asuTka ronotuda D
IpotokoHx MacwTab 500 Mxm G-H  [llapatin, 26,5 um. 1. MNapatun. 21,2 M

Type locality: south-east of New Zealand, Bo-
unty Trough, 45°21.2°S, 178°35.8’E, 1386 m [R/V
Tangaron, NZOI sta S153].

Material examined: Bounty Trough. 45°212'S,
178°35S8°E, 1386 m, 4 W (R/V Tanguroo, NZOI st
S153; hotoiype and 3 paratypes, NZOI sta. 1068, Fig.
28). — 45°51.3'S. 174°049’E, 1676 m, | Iv.

MERNOO BANK. R/V  Tungaroa. 42°41.7°S.
174"28.0°€, 1723-1549 m, 1 Iv (NMNZ M.59743: Fig.
28 A-B, amatomy Fig 9

Distribution: New Zealand, off the east coast
ol South [sland, alive in 1386-1676 m.

Description: (Holotype] Shell fusiform, with
comparatively short spire (last whorl occupying
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- 76% of shell height), thin, fragile, consisting of a
little more than | protoconch and 5 teleoconch
whorls, with slightly concave subsutural sulcus ada-
pically of poorly marked shoulder, regularly convex
below, and shallow adpressed suture. Protoconch
(Fig. 28D) paucispiral, diameter 1.2 mm, consisting
of a large bulbous nucleus and 1 smooth convex
whorl. Teleoconch sculpture consisting of nume-
rous, narrow orthocline axial ribs crossed by narrow
spiral cords separated by distinct grooves. In ad-
dition, there 1s a microsculpture of incremental
lines, that are especially thickened and raised in
the subsutural sulcus and produce minute beads at
their intersection with spiral cords, and of fine
spiral striae that cover all the shell surface. Axial
ribs 18 on first 2 teleoconch whorls, becoming
indistinct on third whorl, which has only 9 ribs,
and obsolete on adult whorls. Spiral sculpture well
defined on all teleoconch whorls, consisting of low,
narrow cords of even importance, interspaces much
broader than cords width, cords slightly rounded
above, but flattened in the subsutural sulcus. The
number of cords on the exposed part of the first
three spire whorls is 7, 10 and 14, respectively. On
the penultimate whorl the closely spaced spiral
striae become stronger and in the subsutural rim
are equal to the primary cords in width and pro-
minence. On the last teleoconch whorl the cords
and striae are indistinguishable from each other.
Aperture elongate-oval, high, comprising (wit-
hout the canal) 43% of total shell height. Outer
lip thin, simple. Siphonal canal narrow, moderately
long, crossing coiling axis. Inner lip with thin and
narrow glossy callus. Columella without plaits.
Color of the shell: uniformly chalky white.
Dimensions of the holotype: height 31.8 mm, last
whorl height 24.2 mm, aperture height 13.7 mm,
siphonal canal length 6.1 mm, diameter 11.2 mm.
Dimensions of largest adult (NMNZ M.59743):
height 37.2 mm, last whorl height 28.7 mm, aper-
ture height 16.8 mm, siphonal canal length 7.5
mm, diameter 13.0 mm.

[Onucanue: (ronorumn). PakoBuHHA BEpeTEHOBHAHAS,
CO CPABHMUTENLHO KOPOTKUM 33aBUTKOM (nocneaHuin ob6o-
poT cocTaBasieT 76% BbLICOTHI PAKOBHHLI), TOHKASI, XpYn-
Kas,, obpaszopBaHa 4yTb Oonee onHoro o6OPOTAMU NpPo-
TOKOHXa W 5 oboporamu rtencokouxa. O60poTbl Teaco-
KOHXa cO ¢1ab0 BOrHYTOH MPHUUJOBHOM MNJOLWIAAKOH Hag
NJOXO BbLIPAXKEHHbLIM MNEYOM, PABHOMEPHO 3aKPYTEHHbBI
W BbINYKJIbI HMWXE TIEYd W Pa3OCNCHHbI MEJKWUM TMpU-
KaTbiM wBoM. [Mporokonx (Puc. 28D) mManooGopoTHbIi,
avaMeTpoM |,2 MM, COCTOMT M3 KPYNHOrO B3AYTOro suipa
M OAHOro T[NAAKOro BbINykKAOro odopora. CkyabnTypa
TEJICOKOHXA OOPA30BAHA MHOTOYMCAECHHbLIMW Y3KMMW Op-
TOKNUHHBIMHY OCEBbIMMW CKJIAAKAMMU, [OCPECEUCHHBIMU Y3-
KHUMH  CNUPaJbHbIMKW  pedpaMu, pasacieHbIMU  YIKUMKH
NPOMEXYTKAMU. Kpome TOro, MMEeTCsi MUKPOCKYIbNTYpa
W3 JIMHMHA BapacTaBMsl, KOTopble Oosiee NPUNOAHSITBL U
YTOALWEHb Ha NPMIUOBHOM NAOWAAKE W OOpa3yioT Ma-
JICHBKHE Y3EIKH B MECTE NEPECCUCHUSI C OCEBbIMM CKJIIAA-
KAOMH, M OYEHb TOKMX CNUPINLHBLIX pedpbllIeK, TNOKPbI-
BQIOLLIKX BCIO NOBEPXHOCTb PakOBMRBL. Ha AByx Bepxrux
00opoTax TENEOKOHXA PacnonoxeHo [8 ocesblx cKIanoK,
KOTOPbLIE CTAHOBATCS HEOTHETAUBBLIMK Ha TPETbeM obopoTte

(Ha KOTOPOM BCEro 9 CKJIAAOK) M MCUe3alT Ha Moc-
neayownx oboporax. COHpanbHAsS CKyIbOTYpa XOpOoWO
pasBuMTa Ha BCCX ODOPOTAX TEACOKOHXA M COCTOMUT K3
HU3KHX Y3KUX pebep, PassacficHHbIX MPOMEXYTKAMH, Ha-
MHOTO JNPEeRbILIAOILMMH WHPHUHY pebpa. Pebpa cnerka
3QKPYFAEHbI CBEPXY, HO YMAOUWEHbl Ha OPULIOBHOK njo-
waake. KonuuecTBo pebep Ha BHAMMONR 4acTH NeEpPBbIX
Tpex o6opoToB TeneokoHxa 7, 10 U 14 COOTBETCTBEHHO.
Ha npennocnenHem 060OpOTEe TECHO PACIIONOXEHHbIE peb-
PbILUKKM  CTAHOBSITCA ©60Je€ BbIPAXKEHHBIMH, a HAa NpH-
WOBHOM rMuloWlagKe CTAHOBSITCSI PABHbIMMW MO  pa3Mepy
pebpam. Ha nocneanem oGopoTe pebpa M pebpbilkH
HC Pa3NWY¥UMbl MO WHPHHE # CTENCHU BbINYKJOCTH.

YcTbe  yRIMHEHHO-OBaNbHOE, BbLICOKOE, COCTABASET
(6e3 kaHana) 43% obuwei BbICOTbI pakoBHHbI. Hapyxnas
ry6a TtoHkas, npoctasi. CUPOHUIbHBLIN KaHAN Y3KMU, yMme-
PEHRO MIMHHLIN, NEPECEKICT OCb PAKOBUHLI. BHyTpeHHss
ryba ¢ TOHKMM W Y3KMM OnecTsilumm kKannycom. Kony-
Meana 6e3 CckIanok.

Okpacka pakoBUHA PaBHOMEPHO MCNOBO-Benasl.

Pasmepbl: BbicoTa pakoBwHbl 31,8 MM, BbicoTa noc-
fleaHero obopora 24,2 M, BbicoTa ycTbsl 13,7 MM, AAKHA
cupoHaNbHOro KaHana 6.1 MM, AvamMeTp paxkoBuHbl 11.2
MM].

Remarks: The paratypes are similar to the ho-
lotype 1n general outline and axial sculpture; their
spiral cords are better defined and on the last whorl
are more easily distinguished from the spiral striae.
A 26.5 mm high paratype (Fig. 28 G-H) has 2]
cords on the penultimate and 77 cords on the last
whorl, of which 32 are on the canal; a 21.3 mm
high paratype (Fig. 281) there are 23, 64 and 23
cords respectively. In the largest specimen (Fig. 28
A-B), from Mernoo Bank, the spiral sculpture is
similar to that of the holotype, the axial ribs are
present on the entire third teleoconch whorl and
disappear on the 4th.

Exilia kiwi is globally macrosympatric with £.
expeditionis but occupies a deeper bathymetric zone
(1386-1676 m vs 476-984 m for expeditionis). It
differs from it in having a thinner and more fragile
shell, with more regularly convex whorls with Jess
distinct shoulder angulation and weakly concave
subsutural sulcus, much narrower axial folds that
do not form nodes on the shoulder, much narrower
and poorly defined spiral cords. Anatomically £.
kiwi also differs in not having eyes.

Etymology: kiwi is the familiar self-apellation
of the inhabitants of New Zealand. [t is used as a
noun in apposition.

Discussion

Composition of the genus

Fifteen Recent and fossil nominal species have,
at one time or another, been attributed to Bentho-
voluta. Six of these were subsequently transfered
to Cyomesus Quinn, 1981 [Harasewych, 1987], or
to Latiromitra Locard, 1897, when Cyomesus was
synonymized with the latter [Bouchet, Warén,
1985, Bouchet, Kantor, 2000]; one has been ten-
tatively placed in the genus Metzgeria, and one
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belongs in the family Conidae [Bouchet, Kantor,
2000].

Excluded species

Fasciolaria (Mesorhytis) meekiana Dall, 1889
[placed in Benthovoluta by Cernohorsky, 1973:
127): now Latiromitra meekiana (Dall, 1889).

Fasciolaria (Mesorhytis) costata Dall, 1890 [pla-
ced in Benthovoluia by Cernohorsky, 1973: 129]:
now tentatively placed in Metzgeria.

Prodallia barthelowi Bartsch, 1942 [placed in
Benthovoluia by Rehder, 1972: 7, and Cernochorsky
1973: 127]: now Latiromitra barthelowi (Bartsch,
1942).

Benthovoluta okinavensis MacNeil, 1961: now
Latiromitra okinavensis (MacNeil, 1961)

Benthovoluta delicatula Shikama, 1971: now La-
tiromitra delicatula (Shikama, 1971).

Teramachia chaunax Bayer, 1971 [placed in
Benthovoluta by Cernohorsky 1973: 127]: now in
the synonymy of Latiromitra cryptodon (P. Fischer,
1882).

Benthovoluta sakashitai Habe, 1976: now in the
synonymy of Latiromitra okinavensis (MacNeil,
1961).

Benthovoluta nakayasui Habe, 1976: probably a
synonym of Borsonia symbiotes (Wood-Mason et
Alcock, 1891) [family Conidae].

Benthovoluta pauciplicata (Yokoyama, 1928).
Mirtra pauciplicata Yokoyama, 1928 [p. 344, pl. 67
fig. 2], described based on two specimens from the
Pliocene of Hyuga, Japan, was transfered without
comment to Phenacoprygma, as P. pauciplicatum,
by Hatai, Nisiyama [1952: 216]. Makiyama [1959:
pl. 65 and unnumbered page facing it] reproduced
Yokoyama’s original plate and used the combina-
tion Benthovoluta pauciplicata. The name does not
appear to have subsequently been used in the
Japanese literature, but Benthovoluta pauciplicata
has been recorded from the Pliocene [Hu, Lee
1991: 97, pl. 19 figs 8-9] and late Miocene [Hu,
Tao 1998: 216, pl. 1 fig. 6] of Taiwan. We have
not seen the type material; it appears conspecific
with Hu & Lee’s Pliocene material from Taiwan
which we have examined in the National Museum
of Natural Science, Taichung, and belongs to La-
tiromitra. Their Miocene material is very poorly
preserved and, in our opinion, not identifiable,
even at family level.

Benthovoluta avalatita Hu, Lee, 1991: 96, pl.
19 figs 10, 18. We have examined in the National
Museum of Natural Science, Taichung, the holo-
type (NMNS 000221) of this species from the
Pliocene of South Taiwan, and conclude that it is
a species of Costellariidae.

Included species
(Table 2)

Exitia hilgendorfi (Manens, 1897) [= Benthovo-
luta gracilior Rehder, 1967 = B. claydoni Harase-

wych, 1987 = B. prellei Bozzetti, 2001}, [Indo-West
Pacific, [50 m in Japan] 200-1240 m

Exilia blanda (Dall, 1908), Costa Rica, 1952 m

Exilia cortezi (Dall, 1908), California and Gala-
pagos Islands, 1160-1800 m

Exilia expeditionis (Dell, 1956), New Zealand,
476-984 m

Exilia krigei (Kilburn, 1971), southern Mozam-
bique to Natal, 475-520 m

Exilia elegans (Barnard, 1959), Transkei, South
Africa, 390-740 m

Exilia kiwi sp. nov., New Zealand, 1386-1676 m

Exilia graphiduloides sp. nov., New Caledonia,
520 m

Exilia vagrans sp. nov., West and SW Pacific,
865-1280 m

Exilia sp. A, SW Indian Ocean, 1600-1750 m.

Comparison with other Ptychatractinae

Only the anatomy of Benthovoluta claydoni
[= Exilia hilgendorfi] had earlier been studied [Ha-
rasewych, 1987]. Our observations agree with this
earlier study with one important difference: we
found an accessory salivary gland, whereas Hara-
sewych did not. In fact the gland can be embedded
into the right salivary gland and it was probably
overlooked by Harasewych.

The anatomy of Exilia is similar to that of the
other genera of Ptychatractinae studied so far:
Ceratoxancus [Kantor, Bouchet, 1997a] and Laii-
romitra [Bouchet, Kantor, 2000]. The anatomy of
the type genus, Prychatractus Stimpson, 1865, re-
main unknown, except the radula [illustrated by
Harasewych 1987: fig. 19], as do the anatomy of
Meizgeria and Exilioidea. The characters of the
digestive system that unite Exilia, Ceratoxancus and
Latiromitra are those enumerated by Bouchet and
Kantor [2000]: (1) short or very short proboscis,
(2) position of the buccal mass and opening of the
radular diverticulum into the buccal cavity at the
proboscis base in its contracted position, (3) ventral
odontophore retractor passing through the nerve
ring, (4) presence of a single accessory salivary
gland, (5) large gland of Leiblein, (6) mid-oesop-
hagus with well-developed dorsal glandular folds,
and (7) small stomach. ]t should be noted that
most of these character states (except the paired
proboscis retractors, a character poorly studied in
the Neogastropoda) appear to be plesiomorphic for
the Neogastropoda in general [see, e.g. Kantor,
1996]. The relationships of the Ptychatractinae with
other families therefore remain obscure. What is
known of the anatomy and radula of its included
genera appears rather distinctive from other sub-
families of Turbinellidae (which are themselves still
poorly known), and there may be grounds for
elevating Ptychatractinae to full family rank, as
suggested by Kantor and Bouchet [1997b] and done
recently by Riedel [2000].
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Table 2 Conchological and anatomical characters discriminating the Recent species of Exilia.

hilgendorfi krigei elegans expeditionis  graphiduloides, vagrans, new kiwi, new
- new species species species
Maximum adult 191 71 44 42 54 6l 47.5
size {mm) .
Coleralion while o veliowish o yellowish unifermly from white 1o chestnut brown chalky
chestnut light brownish white or light chestnut
brown, wilh 3 indistincl yellowish brown
sometimes purplish spiral
with darker bands on the
subsutural band last whorl - o )
Number of prolo- 1.5 1.5 1.3 1.0 0.8 0.9 1.3
~conch whorls .
Maximum diame-  80Q- 1170 LOOG 1000 1100 1000 880 1000
1er of protoconch
Apm) " = 1
Sculpture of last spiral cords axial ribs weak  strong spiral iow and spiral cords + muricated thin spiral
adult whorl or absent cords narrow spirdd  nodes on the spiral cords cords
cords shoulder or
i ~ _ broad ribs
Columellar plaits 0.2,3.4 0 0 0 3 2 0
1n_adults
Operculum Jength 0.30-0.50 0.45 n.a. absent ) 0.5 absent, or 0.15 absenl
/ apenure height
Crenidium length 65-95 n.a. n.a. it 10 8 9
/ widlh o - . .
Osphradium 0.5-0.75 n.a. n.a 0.9 075 075 075
Jength / ctenidiom
length . o o
Osphradium width 1.0-23 n.a. n.a 3 3 3 2.5
/ ctemdiuny width _
Ventral proboscis single or paired n.a. n.a single paired paired paired
reiraclors ~ branching _
Radular width / 1.0-3.0 n.a. n.a .33 .61 (.44 18
aperture height
(%) _ _
Radular length / 8-14 na. n.a 9.7 14.0 11.0 13.6
aperiure heighl
(%) —
Lateral ecoth base  0.44-0.65 0.56 n.a 0.47 0.37 0.71 063
length / rachidian
width o _
MNumber of rows of 50-97 70 n.a &0 75 60 75
teeth - o
Accessory salivary embedded or na n.a not nol not nol
gland embedded in not
Salivary gland ’ - F— e i =
Anatomically, Exilia is readily distinguished The radula of Exilia, characterized by a broad

from Ceratoxancus and Latiromitra in having not
fused and relatively small salivary glands, a much
larger and bulky gland of Leiblein and in the shape
of the stomach with a2 narrow and relatively very
long caecum, or posterior mixing area. The penis
tip has a large or medium-sized seminal papilla
surrounded by a nearly circular fold, and the se-
minal groove runs along the inner lateral edge of
the penis to its distal end, then passes along the
ventral surface of the fold to the tip of papilla. This
morphology is also very characteristic and uniform
in all the species examined, and can be taken as
an autapomorphy of Exilia.

and narrow central tooth with lateral flaps and
laterals with narrow base, is also rather distinctive.
Within Exifia, the radulae differ between species
in terms of size (radular width from 1.0 to 3.0%
of aperture height, radular length from 8. 0to 13.6%
of aperture height; number of radular rows from
50 to 97), and also in terms of relative size of the
laterals (length of lateral tooth base/rachidian base
from 37 to 71%) (Table 2). However, the radula
of Exifia sp. A deviates from the rest of the species
in having the cusps emanating from the middle
part of the base, rather than from its anterior edge.

Another anatomical character that shows diffe-



132 Yu. Kantor, Ph.

Bouchet, A. Oleinik

rences at species level is the relative width of the
osphradium, which can extend from Ix to 3x
ctenidium width. The generally very large osphra-
dium of the Ptychatractinae suggests a well-deve-
loped distant chemoreception. However, we know
close to nothing about the feeding and diet of
Exilia. The only published indication is by Hara-
sewych [1987], who found fragments of amphipod
carapace in the stomach of a specimen of Bentho-
voluta claydoni [= Exilia hilgendorfi].

Finally, the number of proboscis retractors va-
ries between, but also within, species of Exilia, on
the contrary to the situation in Ceratoxancus and
Latiromitra, where the retractors are always paired.
In species of Exilia, it is paired in E. graphiduloides,
E. vagrans, E. kiwi, and at least one population of
E. hilgendorfi (from deep water off New Caledonia),
but unpaired in £. expeditionis and other popula-
tions of E. hilgendorfi (from Madagascar and from

more shallow water off New Caledonia). The tax-
onomic and phylogenetic significance of this vari-
ation is unclear.
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PeBususa coBpeMeHHbIX BMOOB EXxilia, paHee
U3BeCTHOM KakK Benthovoluta (Gastropoda:
Turbinellidae)

IOpuit KAHTOP', ®umunn BYILIE?,
Auton OJIEMHMK?

! Hucmumym npobnem 3xonoeuu u s8onwouuu um. A.H. Ce-
gepyosu PAH, Jlenuncxuit npocn., 33, Mockea 117071,
POCCHA,
2 Muséum national d’Histoire naturelle, 55, Rue Buffon,
75005 Paris, FRANCE;

Department of Geography & Geology Florida Atlantic
University, 777 Glades Rd, Physical Sciences Building, PS
336, Boca Raton FL 33431-0991, USA

PE3IOME. M3MeHYHBOCTb KOHXONIOTUYECKHX TIPU-
3HakoB (00was dopMa pakOBHHBI, CKYAbLITYpa, Ha-
JIMYME M CTENEHb Pa3BUTOCTHM KOJYMEJUIAPHBIX
CKIan0K, MOpPMOIOrUs rpoTOKOHXA) ¥ MCKOMaeMblX
W COBPEMEHHDBIX BUOB, OTHOCHUMbIX K poaam Exilia
Conrad, 1860, Mitraefusus Bellardi, 1873, Mesorhytis
Meek, 1876, Surculina Dall, 1908, Phenacoptygma
Dall, 1918, Palacorhaphis Stewart, 1927, Zexilia
Finlay, 1926, Graphidula Stephenson, 1941, Ben-
thovoluta Kuroda et Habe, 1950 w Chathamidia
Dell, 1956, a Ttakxke OCOOEHHOCTH AHATOMHH CO-
BPEMEHHbBIX BHUAOB HE MO3BOJSAIT BbLACIUTL DoJsiee
oaHoro poaa. CoOOTBETCTBEHHO, BCE YKasaHHbIE
podbl CUHOHUMW3WPOBaHbI ¢ Exilia, BCTpeyarowmnMm-
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Csl ¢ BEPXHErD MeNa N0 HACTOSUIErO BpeMEHH.
AHATOMMYECKH BHABI EXilia CXOAHbI C BUAAMW Apy-
rux ponos Ptychatractinae, HO OTAMYAOTCA Ha-
HuMeM [UTMHHOTO Y3KOro ueKyma (3aaHeil cme-
wHeamowei obnacTy) Kenynka, NEHWCOM ¢ rMa-
NHMANOM, OKPYXEHHOM CKAaJKoH, KW CTPOSHUEM
UeHTpaNbHbIX 3¥00B paaynbl, WMCIOWMX LWHPOKHE
toxoBble BbIpocThl. CoBpeMeHHbIe BUAbL FXilia
NPUYPOUYEHDLl K JHAYMTEAbHBIM [NyOMHAM TPOIH-
yeckmx 30H MAnuickoro u Tuxoro okeaHon. Exilia
hilgendorfi (Mantens, 1897) paccMmaTpuBaeTca Kak

BLICOKO M3MEHYMBBIM BWA, WMEIOWMIH LUMPOKOE
MHIO-TUXOOKEAHCKOE pacnpocTpaHeHue. Benthovo-
luta gracifior Rehder, 1967, B. claydoni Harasewych,
1987 u B. prellei Bozetti, 2001 npuaHawoTcs no-
KansHeiMKu  opmamu  Exilia  hilgendorfi. Onwcansl
Tpr HoBbix puna: Exilia graphiduloides sp. nov.
(Horas Kanenonusn, 520 M), £, vagrans sp. nov.
(3anapmas W rOro-lanagHas 4dactv Tuxoro okeada,
865-1280 M), and E. kiwi sp. nov. (Hopaa 3e-
naHaws, 1386-1676 m).
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