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ABSTRACT

Colinae Gray, 1857, the most abundant and diverse subfamily

of whelks in the northwestern Pacific and Far-Eastern Seas of

Russia, includes several conchologically similar genera or sub-
genera of unclear status and composition. Based on morphol-
ogical and anatomical studies of 38 species attributed to the
genera Colus Roding, 1799, Plicifusus Dall. 1902, Latisipho
])‘1”‘ 1916, ,\H’H(U_IH.\H.\ Dall, 1918, Retifusus Dall, 1916, Reti-
mohnia McLean, 1995, and Pararetifusus Kosuge, 1967, a par-
tial generic revision and phylogenetic analysis based on 34
characters is produced. The resulting majority rule consensus
tree well resolves the genera Plic tfmm Retifusus, Pararetifu-
sus, and Aulacofusus. The genus Retimohnia appears to be a
junior synonym of the genus Retifusus. Species of the hetero-
geneous genus Colus included in this study do not form a
clade, indicating that this genus. as presently understood. is
paraphyletic. Our results demonstrate the importance and util-
ity of anatomical characters for resolving the systematics of the
extreme ly diverse and variable family Buccinidae.

Additional keyweords: Taxonomy, phylogeny, cladistics, north-

western Pacific

INTRODUCTION

Although the number of papers dedicated to the molecu-
lar phylogeny of neogastropods continues to increase,
there is no 1);11"1||['| increase in data on their morphology
and anatomy. This is especially true for the Buccinidae. a
large and e \nlntmmml\ successful family of predatory ma-
rine l"d\tl()[)()(l‘s that are \\l(l(‘\l)l( sad in ])ULn temperate,
and tropical waters of the World Ocean, and which have
significant commercial value. In the northwestern Pacific,
Buccinidae is one of the dominant families, and in waters
of the Russian Far-East, it is the most abundant and di-
verse family, comprising more than 30% ol the total num-
ber of u.ls{mpn(l species (Kantor and Sysoev, 2006). Six
buccinid subfamilies are present in the northwestern Pa-
cific: Buccininae Hllllillt'stillt‘, 1S15; Colinae Gray, 1857;

Beringiinae Golikov and Starobogatov, 1975; Ancistrolepi-
dinae Habe and Sato, 1973; Parancistrolepidinae Habe,
1972: and Volutopsiinae Habe and Sato, 1973. The sub-
family Colinae (previously better known under the name
\(p(um inae Stimpson, 1865) is the most diverse with
respect to the number of genera and species in the north-
western  Pacific (Kantor and Sysoev, 2005, 2006). It
includes 16 of the 34 genera and 116 of the 263 species of
Buccinidae recorded in the fauna of Russia.

The best known representative of this subfamily is the
diverse oenus \:}Jmmu which has had two rece nt revi-
sions (G ()Ill\m 1963; Fraussen and Terryn, 2007). Other
genera, with species that do not grow to commercial
size, have not attracted suflicient attention of malacolo-
gists. Among them are several conchologically similar
genera with unclear taxonomic status and species com-
position, including: Colus Roding, 1799, Latisipho Dall,
1916, Plicifusus Dall, 1902, Aulacofusus Dall, 1918, Reti-
fusus Dall, 1916, Pararetifusus Kosuge, 1967, and Reti-

mohnia McLean, 1995.

Species and genera within Buccinidae have generally
been dutfnuwd based primarily on umt]ml(nf!u] char-
acters, \\llh radular morphology contributing cml\ 0Cca-
sionally to their taxonomy. Anatomical characters have.
thus far, hardly been used for these purposes.

The aim of this publication is to clarify the status and
composition of the genera Colus H[ltlmtf 1799, Plicifu-
sus Dall, 1902, Lm‘ts.ﬂphu Dall, 1916, \H!(rm[mm Dall,
1918, Retifusus Dall, 1916, Retimohnia McLean. 1995,
and Pararetifusus Kosuge, 1967, based on conchological,
anatomical and radular characters. as well as to evaluate
the utility of morphological characters for resolving the
t(l\nnmn\ ol Colinae,

MATERIALS AND METHODS

We dissected and analyzed the anatomy of 38 species
ol Colinae, defining 34 ‘characters coded as 82 character
states that were nwtl to ]u srform the ph\]mf( netic
analyses of these taxa (Table Appe ‘ndix 1). Of these,
7 characters described shell \llll[flll( 5 characters the
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soft body and the mantle, 5 characters the ltlnndnctl\e
systems, 12 characters the digestive system, and 5 char-
acters the structure of the m(lnla The material for the
studv was obtained [rom the /UUIU("I(_A] Institute (Saint
Pete tahlm, Russia), the P. P. Shnahm Institute of Ocean-
ology of Russian Academy of Sciences (Moscow), and the
/()(Jluﬂlull Museum of Moscow State University. In total,
near l} 200 specimens were dissected. While processing
this material, standard '/U(JI(}tfic:il methods were used.
such as manual dissection, |nstn|n<r\ and scanning elec-
tron microscopy for the examination of radulae. Phyloge-
netic analyses were run using Paup*4 (Swofford, 1998).

RESULTS

Brier  DESCRIFTIONS  OF  THE TAXONOMICALLY  INFOR-
MATIVE  MORPHOLOGICAL  CHARACTERS OF THE STUDIED
Genera: The gross anatomy of Colinae is typical of the
Buccinidae in gener al features (Figures 1-2) . The operc-
lum may have a terminal ( ers:phu Colus, Aulacofusus;
Figures 1, 26), or subspiral nucleus (Pararetifusus; Fig-
ure 4). Thv mantle cavity spans approximately one whorl
of the body (Figure 3). The ctenidium (et). osphradium
(0s) and, in females, the capsule gland (eg) can be ob-
served by partial transparency of the mantle. Relative sizes
of the ctenidium and osphradium vary in different species.
Penis morphology was used \ll(((’\\[ll”\ by Golikov
(1963, 1950) for taxonomic studies of the genera Neptu-
nea and Buccinuim: however, in our study. the structure
of the distal section of penis varied very little. In Latisi-
pho. Plicifusus. two species of Colus, and several Retifu-
sus species, the seminal duct opens at the tip of a large,
(»(m{'-s]lup(‘(l papilla (Figures 6, 8-9, sp) that is encircled
by a fold of skin (¢f). In the remaining Retifusus species.
the seminal papilla is very small and In 'COMEes Narrower
towards its tip (Figure 10, l|~p) In the genus Para-
retifusus, the seminal papilla is absent. \\ltll the male
orifice situated terminally at the tapering tip of the penis
(Figure 5). The structure of the l)rll]lclI gonoduct in
females appeared to be even more conse [\dtl\ e in the
genera studied. In the majority of species we examined,
the + vagina is strongly developed (Figure 11), occupying
a ventral position on the capsule (fLm(l Only in the
genus Parare !.'fmus it is situated t(‘nmlm”\
The mouth ope ning is situate :d at the hp of a more or
less elongated lm)lmx(lx (Figure 12, mo). While con-
tracted, l]lt pmhm(ls is situated within the rhynchodeum
(Figure 12, rd). The anterior section of the rhynchodeum
is mmm\(lhh' and attached to the body haemocoel walls by
multiple tensor muscles. The posterior section of the
rhynchodeum is capable of being everted. The proboscis
is retracted by retractor muscles attached to the rhyncho-
deum walls (Figure 1215, prr). The longest PI'()I].[JS{'i.\‘('S
in the contracted state were found in Aulacofusus and in
some species of Colus, where they are folded within the
rhynchodeum (Figure 14). In other genera (Plicifusus,
etifusus, and Lﬂmq;hrﬂ the pmhm(l\. remains straight
within the rhynchodeum (Figures 12-13), and e I(]ll“’df(‘\
mostly due to eversion of the posterior, movable section.

The proboscis wall is formed of an epithelium, one or
two layers of circular muscle fibers, and two layers of
]Ul]“ltll(l]l]dl muscle fibers. The sequence of layers in the
majority of studied genera (Aulacofusus, Latisipho, Reti-

fusus) is, (from outer to inner surfaces): epithelium, cir-

cular muscle layer, longitudinal muscle laver, circular
muscle layer, and an innermost longitudinal muscle layer
(Figures 18-20). In two studied species of Plicifusus, the
sequence ol layers differed, consisting of: epithelium,
longitudinal muscle layer, circular muscle layer, and lon-
situdinal muscle layer in P. hastarius (Figure 24), with
fhe addition of a0 innermost, second layer of circular
muscle fibers in P. rhissus.

Within the proboscis is the buccal mass with radula.
Comparative lengths of the buccal mass varied among
taxa and have taxonomic significance. Each row of the
radula (Figures 36-41) consists of two lateral teeth and
one central tooth, each normally bearing 3 cusps. Al-
though the teeth are similar in shape, the finer details
are spvclhc for genera (see below in the discussion).

The anterior esophagus opens into a large (Retifu-
sus, Pararetifusus) or medinm-sized (Latisipho, Plicifu-
sus, Colus, Aulacofusus) valve of Leiblein (Figure 12,
vl). The gland Leiblein is present in all studied
species (Figures 12-13, gl). Salivary glands differ i
shape and in size (Figures 12-14, sg), being largest in
Retifusus and Aulacofusus. The salivary (lntts lc'a\(‘ the
inner side of each tTLmd and run a]tmtf the esophagus
to their openings into the posterior parl of the buccal
cavity. The diameter and the structure of the wall of
the ducts vary among different genera. In Latisipho,
Plicifusus, and Colus, the ducts are thin and coiled
(Figure 13, sd), while in Aulacofusus, Retifusus, and
Pmmcir{ums they are thick, sometimes with swellings
in a form of a sac (salivary sacs) (Figure 15, ss). In
Aulacofusus, the walls of salivary ducts have an addi-
tional layer of longitudinal mucles (Figure 21, Im),
The posterior esophagus opens into the stomach. The
structure of the stomach is generally of the same type
in the majority of the species studied, but the length
of the posterior mixing area can differ among genera
(Figure 16-17, pma).

PryLOGENETIC ANALYSES:  Volutopsius norvegicus (Gme-
lin, 1791) (Buccinidae: Volutopsiinae) and Ancistrolepis
okhotensis Dall, 1925 (Buccinidae: Ancistrolepidinae),
whose anatomy is known (Kantor, 1982, 1988), were
used as {]I]l'\(_l;]'(}l.lp.‘t A heuristic search }-1'[*](10(1 2624 trees,
each 147 steps in length. Consistency index (CI) =
0.3197, homoplasy index (HI) = 0.6803, retention index
(RI) = 0.6942. Figure 25 shows the 50% majority-rule
consensus tree.

Several clades can be (listinguish('d within the
ingroup (Clades 1 to 6, Figure 25).
Clade 1, which is supported in 93 percent of trees,
corresponds to the genus Plicifusus, and contains 12
species, including the type species of Plicifusus. At the
moment, we pr(‘['t‘r to treat it as a nlml()ph)'h)ki(' genus
pending examinations of additional species.




A. R. Kosyan and Yu. 1. Kantor, 2009 Page 85

—_—
o
—
—
-
o’
=

10 mm

lmm '8 P
_— 2 mm 10 mm

Figures 1-11. Anatomy. 1-2. Plicifusus bambusus. 3. Mantle of Plicifusus hastarius. 4. ()pt-n-n]uln ol Pararctifusus kantori.
5. Penis of Pararetifusus kantori. 6, 8. Penis ol Latisipho hallii, ventral view. 7. Frontal-dorsal view ol the solt body of Colus minor,
with mantle removed. 9. Upper section of penis of Colus minor. 10. Penis ol Retifusus jessoensis. 11. Pallial female reproductive
systeni of Plicifusus rhyssus. capsule gland, opened dorsally. Abbreviations: be, bursa copulatrix; ef, civeular fold of skin around the
seminal papilla, eg, capsule aland; eml, columellar muscle: et, ctenidinm: dg, digestive gland; eye, eve: fo, female orifice: hd, head:
hg, hypobranchial gland; kd, kidney; m, mantle edge; op, operculum: os, osphradium; p, penis: prp, propodinm; prpg, propodial
groove; re, rectum s, siphon; so, male orifice; sp, seminal papilla; va, vagina

Plicifusus Dall, 1902 Diagnosis: The genus is characterized by an elongat-
ed, small to medium-sized fusiform shell with well-
Tritonofusus (Plicifusus) Dall, 1902: 525, developed axial ribs and numerous spiral cords (from
30 to 60 cords on penultimate whorl) that cover the
Type Species:  Fusus kroyeri Moller. 1842, by original entire shell surface (Figures 31, 33). The central tooth

designation. of the radula is large and broad, and has two to four
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(usually three) sharp cusps (Figure 36). The lateral teeth
usually have three or four cusps, with the central cusps
always smaller than the lateral ones. The salivary ducts
are very thin and convoluted. The stomach is large, as
compared to the proboscis, and narrow, with a .~.1|m]|
posterior mixing area.

Remarks: Plicifusus was described by Dall (1902) as
subgenus of Tritonofusus Morch, 1857, which is an ob-
jective synonym of Colus Réding, 1799, since it is based
on the same hpt‘ species. Plic .ffu\m has been treated as
a distinct genus by the majority of subsequent authors.

Genus Composition: The majority of the included
species were described within this genus [or attributed
to the subgenus Tritonofusus (Plic !f”\.‘t\}l Quasisipho
torquatus Petrov, 1982, is the type species of the mono-

typic genus Quasisipho Petrov, 1952 from the upper

Pliocene-lower Pleistocene of eastern Kamchatka. This
species survives in the Recent fauna, and its anatomy
confirms that the ty pe S])L’(I('N be I()]lU'\ within Plic :'frtsus

Thus Quasisipho becomes junior t.nlm]( ctive synonym of

Plicifusus.  Some species were originally de scribed or
attributed to Retifusus [e.g., Plicifusus (Retifusus) scis-
suratus Dall, 1918]. h‘t!mwﬁ.’ws (Plicifusus) rhyssus
Dall, 1907 was placed in the genus Helicofusus Dall,
1916 (type species by original (Imnfndtmn Tritonofusus
(Plicifusus) aurantius var laticordatus Dall, 1907) by
many Russian authors (e.g., Kantor and Sysoev, 2005,
2006).

The results of our study place the following species
within the genus Plicifusus:

Plicifusus kroeyeri (Moller,
Philippi, 1850]

Plicifusus plicatus (A. Adams, 1863)

Plicifusus scissuratus (Dall, 1918)

Plicifusus croceus (Dall, 1907)

Plicifusus elacodes (Dall, 1907)

Plicifusus rhyssus (Dall, 1907) [= Plicifusus (Latifusus)
wakasanus Dall, 1918; Tritonofusus (Plicifusus) aur-
antius Dall, 1907; Plicifusus f;\!!f(.‘(({ﬁh“-‘u} rhyssoides
Dall, 1918]

Plicifusus hastarius Tiba, 1980

Plicifusus bambusus Tiba, 1950

Plicifusus obtusatus Golikov in
1985

Plicifusus olivaceus (Aurivillius, 1885)
(Retifusus) incisus Dall, 1919]

Plicifusus oceanodromae (Dall, 1919)

Plicifusus torquatus (Petrov, 1982)

1842) [= Fusus arcticus

Golikov and Scarlato,

|= Plicifusus

A second, well defined clade with 100% lmnl‘st'r‘u]) sup-
port includes 20 species in our study, and is composed of
several well supported subclades (clades 2, 3. 4, 5) and
two unresolved species.

Clade 2, although not supported in all trees. contains
three northern Atlantic species of the genus Colus Rod-
ing, 1798 (Figure 26), including C. islandicus. the type
Sl)t't'ivs. The other two Hl){’(‘i('.‘\. olten attributed to Colus.
C. minor (Dall, 1925) and C. kujianus Tiba. 1973, do not
emerge as members of this clade. These results reflect
the high heterogeneity ol Colus, which is widely
distributed in the Atlantic and Arctic Oceans and in the
northern Pacilic. Many more species need to be studied
in detail before the taxonomy of Colus is clearly under-
stood.,

Clade 3 includes three species belonging to the genus
Pararetifusus, including its type species.

Pararetifusus Kosuge, 1967
Retifusus (Pararetifusus) Kosuge, 1967: 62

Type Species: “Phymorhynchus?” tenuis Okutani.
1966 (by original designation).

Diagnosis:  The genus is characterized by a small shell
with a relatively |||if|| last whorl. The H[)l](ll sculpture
consists of a few elevated, sharp or rounded ribs; axial
folds are absent (Figures 28, 30). The radula is similar
to that of Retifusus roseus, R. laticingulatus, R. similis,
R. iturupus, and R. attenuatus (Figure 38) (see below for
description).

Remarks:  The type species was originally placed in
Phymorhynchus (Conoidea), but examination of the rad-
ular and 1|m|p]ml<>&f|m| characters undoubte dly placed it
within Buccinidae (Kosuge, 1967).

Genus Composition: Very few species have been
placed in Pararetifusus. In addition to the species stud-
ied here (below) only one, P. dedonderi Fraussen and
Hadorn, 2001, from P hilippines was tentatively attribu-
ted to Pararetifusus but later excluded by Kosyan
(2006a).

Pararetifusus tenuis (Okutani, 1966)
Pararetifusus kantori Kosyan, 2006
Pararetifusus kosugei Kosyan, 2006

The genns was proposed as a subgenus ol Retifusus
and is close to it in radular structure and anatomy, but
differs in shell sculpture. The spiral cords of Pararetifu-
sus shells are very similar to the cords of Aulacofusus

Figures 12-17.

Anatomy, 12. Right lateral view of the foregut of Plicifusus hastarius. 13. Lelt lateral view of the foregut ol

Plicifusus rhyssus. 14. Right later: || view of the foregut (:I \F.‘]{HH,{H\”\ herendeeni. 15. Dorsally opened proboscis ol Retifusus

roseus. 16. Opened stomach of Aulacofusus ;}:H\uhdm

7. Opened stomach of Plicifusus hastarius. Abbreviations: adg, opening

of anterior duct of digestive gland: agl, ampulla of gland of Leiblein: aoe, anterior esophagus: bm, buccal mass; gl, gland of
Leiblein; int, intestine: mo, mouth opening; n, nerves; nr, nerve ring; odr, odontophore retractors: oeo, oesophageal opening: pdg,
opening of posterior duct of digestive gland; pma, posterior mixing area; poe, posterior esophagus: pr, proboscis: prr, proboscis
retractors; r, radula; rd, rhy mhn(hnm sd, salivary duct; sg, salivary gland: tfl, typhlosole: v, valve of Leiblein
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Figure 25. Fifty-percent majority-rule consensus tree ob-
tained from 2624 trees, each 147 ste ps in length.

periscelidus; however, the anatomy of Pararetifusus dif-
fers considerably.

Clade 4, which is conchologically most heterogenous,
contains 9 species previously classified within the 1 genera
Retifusus, Mohnia, Retimohnia, and Plicifusus. The old-
est valid name for this group is Retifusus.

Retifusus Dall, 1916
Plicifusus (Retifusus) Dall, 1916: 8.

Type Species: Tritonium (Fusus) jessoensis Schrenck,
1863 (by original designation).

Diagnosis: The genus is characterized by a small (on
average < 2.5 em) shell, which has an axial and spn al
a(n]ptm(' similar to that of Plicifusus (Figures 32, 34);

however, the radula has a different mmp]mlntr\ (Figure
37, 38). The lateral teeth usually have three or four long

cusps of nearly equal length. The central teeth may
be of two types. R. Jessoensis, R. virens, R. yanamit, and
R. frielei have five or six sharp cusps increasing in length
from the periphery to the center (Figure 37). ”I[' u'nttaT
teeth of R. roseus, R. laticingulatus, R. similis, R. iturupus.
and R. aftenuatus have (Jnl\ three sharp cusps, and
the central cusp is usually longer than the lateral cusps
(Figure 38). The salivary ducts are very thick and straight.
“I(' stomach is large uml[)uul to the proboscis, narrow,
and has a small posterior mixing area.

Remarks: McLean (1995) established the genus Reti-
mohnia (type species by original designation, Mohnia

frielei (Dall, 1891) to incorporate several species previ-

ously assigned to the genus Mohnia Friele, 1878, Our
analysis demonstrates illdl M. frielei belongs to the same
clade and is morphologically rather similar to R. Jjessoen-
sis, the type species of Retifusus. Thus, Retimohnia is a
junior subjective synonym of Retifusus. H(hfrmn is often
considered to be a subgenus of Plicifusus (e.g.. Higo
et al., 1999) but our andlj\ms demonstrates that it is not
(‘](]S(‘I_\' related to the latter.

Genus Composition: We include the following spe-
cies in Retifusus. althongh some others may belong to
this group as well:

Retifusus jessoensis (Schrenck, 1863) [= Fusus (Sipho?)
.imm()";.'u;(rts E. A. Smith, 1875: Chrysodonus brunneus
Dall, 1877; Mohnia okhotskana Tiba, 1981 — synonymy
based on (_‘x;unm;ltum of the type specimens and anato-
mical studies ]

Retifusus frielei (Dall, 1891)

Retifusus virens (Dall, 1877)

Retifusus yanamii (Yokoyama, 1926)

Retifusus laticingulatus Golikov et Gulbin, 1977

Retifusus roseus (Dall, 1877) [= Retifusus semiplicatus

Golikov in Golikov and Scarlato, 1985; Plicifusus par-
vus Tiba, 1980; Plicifusus saginatus Tiba, 1980 — syn-
onymy based on examination of the type specimens
and anatomical studies].

Retifusus similis (('()]ikm' et Gulbin, 1977)

Retifusus attenuatus (Golikov et Gulbin, 1977)

Retifusus iturupus (Golikov et Sirenko, 1998)

Retifusus differs from Plicifusus in radular morphology:
from Mohnia in the form of its operculum, the presence
of axial sculpture and in radular morphology: from Colus.
Aulacofusus, and Latisipho in axial sculpture and radular
morphology.

Clade 5 includes representatives of Aulacofusus that are
rather uniform conchologically and morphologically.

Figures 18-24.

\|| womy. 18. Transverse section of the proboscis wall of Aulacofusus herendeeni. 19, 20. Transverse section of

the proboscis wall of Aulacofusus brevicauda. 21. Salivary ducts of A. brevicauda. 22. Transverse section of the proboscis wall of

Retifusus jessoensis.

23. Salivary duct of R. jessoensis. 24. Transverse section of the proboscis wall of Plicifusus hastarius. Abbrevia-

tions: aoe, anterior (.'»()l')hdf_“llh, em, circular muscles; ent, connective tissue; ert, odontophoral cartilage; ep, epithelium; Im,

longitudinal muscles; n, nerves; r, radula; sd, salivary duct.
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Figures 26-35. Shells. 26. Colus islandicus. 27. Latisipho hallii. 28. Pararetifusus tenuis. 29. Latisipho hypolispus. 30. Para-
retifusus kantori. 31. Plicifusus kroeyeri. 32. Retifusus attenuatus. 33. Plicifusus rhyssus. 34. Retifusus jessoensis. 35. Aulacofusus
hrevicauda

Aulacofusus Dall, 1918
\ulacofusus Dall, 1918: 217.

Type Species: Fusus spitzbergensis Reeve, 1855 (by

original designation).

Diagnosis:  The group is characterized h}' an elongat-
ed, medinm-sized fusiform shell sculptured with wide
.\;i)iml cords (from 6 to 16 cords on the ])t'nllltim;ttl‘
whorl) (Figure 35). The axial sculpture is represented
only by incremental gl'(l\\lll lines. The radula structure
is in general the same as in Plicifusus (Figure 39).
The salivary ducts are thick-walled, with an additional
external |:|_\.:-r of longitudinal muscles (Figure 21, Im).
The stomach is large, as compared to the proboscis,

and narrow, with a very long posterior mixing area
(Figure 16, pma).

Remarks: The taxon was proposed as “group of spe-
cies, typified by Fusus spitzbergensis Reeve that has a
special aspect due to the short canal and the promi-
nence of the spiral ribs...” Thus, the rank of the taxon
was not specified, but it is obvious, from the context of
the description, that Dall (1918) considered it even
lower than that of a section of the genus Colus. Later,
Dall (1921) treated it as subgenus of Colus, a view that
has been followed by most recent authors (e.g., Higo
et al.; 1999), but not by some Russian researchers (e.g.,
Golikov and Gulbin, 1977; Kantor and Sysoev, 2005,
2006).
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Figures 36-41. Radulae. 36. Plicifusus kroeyeri. 37. Retifusus jessoensis. 38. Pararetifusus kantori. 39. Aulacofusus brevicanda.

40. Latisipho hypolispus. 41. Colus islandicus.

Species of Aulacofusus have a considerable concho-
logical similarity to species attributed to the genus
Colus, particularly in the shape and sculpture of the
shell (Figures 26, 35). Some anatomical characters, such

as the extremely long, coiled proboscis typical of Aulaco-

Sfusus (Figure 14), are also present in some species of

Colus. Nevertheless, the presence of several autapomor-
phies of Aulacofusus. including stomach structure that is
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Table 1. Character coding (see Appendix 1).

1234567891011 12 13 14 15 16 17 18 19 20 2122 23 24 25 2697 98 29 30:31 32 33; 34
Volistopstiss norpegicus. 0001010200 & 11 2°F & 4 2.0 00 1 0802821055 07 1o i B0
Plic rﬁmn kroe yeri 0.1 00000000 0 @ T 0 2 2 2 © 0 10002 0000 40 100508 02700 S0
Plicifusus plicatus 010000000 0 0908 2 0°2 0 ¢ 10 00 00000 00 10808410
Plic ![H\H\ Croceus 01 00000000 2 0-0 100 T2 DR 00 T 00N T G000 00 0T 1000 0L R DR SHD
Plic g]usus scissuratus 65 R 10T O R RN e R R MR ) 1) 0 10 TR 1 1 et S e T e (0 [ s ()
f"!‘it‘fﬂi&'”.\' elacoces 01 00100000 P 0 00 O 02 00 T 0 a2 ] 29000y 0F e 0e]l S 1SN0
J")J'rf('!iﬁisu.\' 000 101070 2 8 02 0 00N 0050 P05 R A0 0 S el T O O 0 0N RS L RO SR )

oceanodromae
Plicifusus hastarius 0100022000 0 0 1 0 1 0 0 00 00 0002000007110 0
f’."if‘fﬁmu.«.' bambusus 0110022072 0 © 0 0 0 F 0 2 00 000 1 0 050000 (0808080510
f"."if‘{'ﬁ{&'uxU.l’fr.‘r.*{'('n.s- 010000000 270 0 0 @ & 00 @ 050000 5 a0 =000 510580480
Plic !]’i‘h”\ obtusatus 001000000 2 0 0 @ @ P 0.2 00 1.0 .00 90 0 0 0 40000 18010
Plicifusus torquaties DONOOER2O0 20 00 O % 0 2 0.0 10 0 1 O 000 0narsi oS00t
Plicifusus rlyssus 00000000009 0 0 9 0.0 10 0 0 000wk 0000 05 1 0 0ES0S0ERD)
Colus islandicus 000001201 2 0 000 2 O 20 L] B 2 S 00 0 S0 R S S (e
Colus f\‘.‘{j."ﬁn.'f.\' 0P 2P d0000 20y 1 0s 2 00 P 0 Tl 0 ol 2200 108 (000 10080
Colus minor 0P 2200008 00 O 0 R0 2 401 SRR 2 2008 il S a0 0= 0 TR O D
Colus gracilis 00001 1001 20 1. @22 0 P Q02 081 40 2 052 G0 100 0N 0 IENOEOEED
Colus jeffreysianus ~ 00001?20? ? 1 0 2 0 P 1 ?» 010202200000 01000
Pararetifusuts tenitis 0 0 0 T S0 A (AR e WO T S 1 G R 1 o5 MO T o (o1 e 1) 29 1) (0 ]2 (1)
Pararetifusits kantori L 00920000 0 0 30 R0 P 0 ) 0 PP 90 C QL gl S SRS S
Pargretifisuskosuget 001 10 #2072 L ¢ Q0 1 2 0. @0 [0 .0 0 22 9 50l 0l c ] 0 i0ssilso
Retifusus virens G 0 TR0 IR ot RN (1 0 - 0 e A (S S S ) [ 1 o [T (R (8 T g 1, 1
Retifusus laticingulatus 2011122021 0 0 0 0 2 0 > 00 1 > ? 01100110001 I
Hl"“iﬁi-‘i“-‘i similis o2 010 1 0 8 ) A TS T A - e [ 1 0 (R Ve ) o R ) W T 108 0 L s 0 1)
Retifusus attenuatus 950 17100 1207 2@ 206 00 G0 e B ol T 10 0L 50 S92l Sl a0 IS I 0MHOSEO RS0
Retifusus yanamii 001 L0L0000 Q00 0 2 0 2 I 0000 0ol 0Ll 0 T SRS i)
Ht'“iﬁr.\'u.\'Ij('.\'xm'H.s'ix S0l T4 L0 @00 e Qe @ 00 @0 0 00 T 0 1 0 LG T TR sl S e
Hf’i{ﬁr.\'u.\'ﬁ'i{'!rf’i 190 0 8T T T (M ) JRO ) S (1 1 s (AR 120 e R (VS e v ) )
Retifusus iturupus 001101200 2.4 0 050 P 002 0 0 0 2 2 0 1L 1000000 LS00 0rs0
H('H_ﬁh‘”.ﬁ' roseus 20031 @ 0000 L @ @ a0 a0 Al il e il ol TR TR SRS L Rl s IS () AT SR ()
Aulacofususbrevicauda 000102207 1 1.1 2 1 0 1 1 0 1L I 1L @ 2 2°1 0 0 0070 1000
Aulacofusus herendeent 000102200 2 1 1 2 1 2 01 061 1 1 .2 2 1 0 0 00 01 00 0
Aulacofususombronius 01010220720 1 1 2 1 ¢ 01 0 1 1 1 07222000001 000
.-'\r.'r't.fr‘:gf}w.-.w 0L Lo e @ 1. I 2 da @ 100 00 190 102 20 200008 (00 el shesDssd
periscelidis

Latisipho hypolispus 01100600000 0 0 00 0 1 0 ¢ 0 1 01 2 2 2201 L 10 1 100
J";(;‘l"i.‘ff}ihr! hallii 0000000000 @ G 0 G 0 00 0 108 @8 20y Ll DR S ()
Ancistrolepisokhotensis 001010200 2 1 1 2 1 01 2 0 0 2 0 0 2 2 01 1 1 1 2 2.1 0.0
Neptunea anfiqua 0TI 0012210 2 @ @ 0 0 ¢ T ¢ 00 1 @ 1.2 20 L @ .0 3 0,0 a]80
Neptunea jagudinae 0021212230 P 00 0 0O 2 1 2 00 2 2029 10l 0wl Tk 0055080550
Neptunea aulbini 000000010 2 0 0 00 P 2 P 0020 1 2250 1 00 00050 0050
unique in the entire subfamily Colinae, and the histolog- Clade 6 is the most basal clade in our study, and is

ical structure of the wall of the salivary ducts, lead us to
treat it as a separate genus,

Genus Composition:  Many species has been attribu-
ted to this group at various times. We include the follow-
ing examined species in the subgenus:

Aulacofusus brevicauda (Deshayes, 1832) (=Tritonium
schantaricum Middendorff, 1849; Neptunea (Sipho)
terehralis Gould, 1560)

Aulacofusus herendeeni (Dall,
sus) nobilis Dall, 1919)

.-'\f.'('m'r{ﬁf‘\'.'f.\' ombronius (Dall. 1919)

Aulacofusus periscelidus (Dall, 1891)

1899) (=Colus (Aulacofu-

suppmt( d in only 53% of the trees. It includes three
species of the genus Neptunea Roding, 1798: Neptunea
antiqua (Linnaeus, 1758) (type species of the genus f}\'
subsequent designation of Sandberger, 1561), \ ,r(.muu"r-
nae Gorvachev (m(l Kantor, 1983, (md N. gulbini Gorya-
chev and Kantor, 1983. The genus was mtlml( d in the
analysis based on published (thd (Goryachev and Kan-
tor, 1983) and its detailed (]l‘%(]lptl()ll is beyond the
scope of the current paper. Nevertheless, our analyses
suggest that the genus in its conventional sense may be
par cll)h\ letic.

Both known species l‘m\mus]\ referred to Lamwhu
(Kosyan, 2006h) (Figures 27, 29), do not emerge as a
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monophyletic group in our study, and their taxonomic
position should be reconsidered.

Our study indicates that the anatomical characteristics
are important and suitable for differentiating among the
genera of Colinae and Buccinidae. Despite the absence,
in many cases, of autapomorphies, many closely related
genera may be diagnosed by combinations of characters
thmu‘fh the use of ph\ loge metic techniques.
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APPENDIX 1. List of characters and character states.

CEPHALOPODIUM

I. Operculum: 0 — with terminal nucleus (Figure 1), 1
— with spiral nucleus (Figure 4), 2 — with terminal
nucleus displaced to the left.

MANTLE

Mantle: 0 — square, 1 — length exceeds width.
()xphm(lmm 0 — symmetric: 1| | — asvmmetrical.
Osphradium: 0 — short (< % of mantle length), 1 —
long (> "% of mantle length).

Ctenidium: 0 — lamellae of ctenidium wider than
lamellae of osphradium, 1 — lamellae of ctenidium
of the same width as lamellae of osphradium.

#010

[y

REPRODUCTIVE SYSTEM

6. Penis: 0 — with large seminal papilla (Figures 6. S,
9), 1 — with small papilla (Figure 10), 2 — without
papilla (Figure 5).

7. Seminal papilla: 0 — cone-shaped., (‘n('irclt‘(l by fold
of skin (Figures 6, 8, 9), 1 — claw-like, absent.
S. Male Otmt(li opening: 0 — not \Illl()ll!l(l( d by tiny

p.lpllhw | — surrounded by multiple tiny papillae.

9. Vas deferens: 0 — thin, ((m\[llutl(f, not pl()hll(hng
into body haemocoel, 1 — thick, located in body
haemocoel.
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10.

D
|18

16. S

20.

(fupsuh' g]un(]: () — with ventrally folded vagina, 1
— with terminal vagina.

JESTIVE SYSTEM

Proboscis: 0 — straight (Figures 12-13, pr), 1 —
folded within rhynchocoel (rllTlll(‘ 14, pr).
Rhynchodeum: 0 — thick- \\dllul everting, 1 —

thin-walled, non-ever ting.
Relative length of buccal mass: 0 — equal in length
to contracted proboscis, 1 — half the length of the

contracted proboscis, 2 — less than halfl the length
of the contracted proboscis, 3 — longer than the

contracted proboscis.

. Proboscis retractors: 0 — running along rhyncho-

deum and attached to roof dnd ]ait ral \\(l“‘\ of body
haemocoel (Figure 12-13, prr), 1 — short, situated
at the base of the proboscis [111{1 attached to the
bottom of body haemocoel (Figure 14, prr).

. Sequence of Id\( TS in tho pl()l)mus wall [outer to

inner edges]: ar muscles, lon-
gitudinal muscln—*s. L'ir(-ulur muscles, longitudinal
muscles (Figure 19), 1 — epithelium, longitudinal
muscles, circular muscles, longitudinal muscles, cir-
cular muscles (if present) (Figure 24).

Salivary glands: 0 — small and rounded (< 1/3 of

l)mhmm length) (Figure 12), 1 — long, bean-
slmped (> 2/3 of ])I()I)()\(l‘s length) (Figures 13, 14).

7. Salivary ducts: 0 — without dl]dltlmml longitudinal

muscle layer in the wall (Figures 22, 23), I — with
external Li}(l of longitudinal muscles in the wall
(Figures 20, 21).

Salivary ducts: 0 — withont salivary sacs (Figures 13,
14). 1 — with salivary sacs (F]tfm( 15).

Salivary ducts: 0 — thin. Ltm\ulutt d (Figure 13), 1
— thick, straight (Figures 14, 15).
Gland of Le 111[( in: 0 — well developed, 1 — thin,

poorly developed., 2 — absent.

21. Stomach: 0 — with small posterior mixing area
(Figure 17), 1 — with very long posterior mixing
area (Figure 16), 2 — without posterior mixing area.

22. Stomach: 0 large (>1/3 whorl), 1 — small (<1/3
whorl).

SHELL

23. Axial ribs: 0 — < 14 axial ribs on last whorl, 1 — >

14 ribs on last whorl, 2 — axial ribs absent.

24. Axial ribs: 0 — s-shaped, 1 — straight, 2 — absent.

25, Spiral SL‘ll]I)tl]t‘L.’: 0 — numerous cords present (> 20
on penultimate whorl), 1 — few cords present (< 20
on penultimate whorl). 2 — cords absent.

26. Microscopic spiral threads: 0 — present, 1 ab-
sent.

27. Spiral (()1‘(1« 0 — absent, 1 — present, low, acute

distally, 2 — present, rounded distally, 3 — present,
flattened.
28. Ratio, body whorl height / shell height: 0 — <0.7; 1

— >0.71.

29. Ratio, aperture length / shell length: 0 — <0.5: 1 —
>0.51.

Rabura

30. Central tooth: 0 — with 3 cusps (Figures 36, 38-41),
1 — with multiple cusps, posterior tooth edge

rounded (Figure 37), 2 — with multiple cusps, pos-
terior tooth edge nearly straight.

31. Central tooth: 0 — with 3 cusps. all of equal size, 1
— with 3 cusps, medial cusp differing in size from
the marginal cusps, 2 — with more or fewer than 3

cusps.

32. Lateral teeth: 0 — with 3 cusps, 1 — with more or
fewer than 3 cusps.

33. Lateral teeth: 0 — medial cusps smallest, 1 all

cusps equal in length.
34. Cusps of the central tooth: 0 — do not overlap tooth
of following row; 1 — overlap tooth of following row.
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