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The neogastropod family Costellariidae is a large and successful group of carnivorous marine mollusks that
encompasses about 475 living species. Costellariids are most diverse in the tropical Indo-Paci ¢ at a depth
interval of 0-200 m, where they are largely represented by numerous species commonly assigned to the genus
Vexillum. The present work expands the taxon sampling of a previous phylogeny of the mitriform gastropods to
resolve earlier problematic relationships, and thus establish a robust framework of the family, revise its
taxonomy, and uncover major trends in the evolution of costellariid morphology. A multicuspidate rachidian is
shown to have appeared at least twice in the evolutionary history of the family: it is regarded as an apomorphy of
the primarily Indo-Paci ¢ Vexillum-Austromitra—Atlantilux lineage, and has evolved independently in the
Nodicostellaria—Mitromica lineage of the western hemisphere. The genera Ceratoxancus and Latiromitra are
transferred from the Ptychatractidae to the Costellariidae. Tosapusia, Protoelongata, and Pusia are ranked as
full genera, the latter with the three subgenera Pusia, Ebenomitra, and Vexillena. Vexillum (Costellaria) and
Zierliana are treated as synonyms of Vexillum. The replacement name Suluspira is proposed for Visaya Poppe,
Guillot de Suduiraut & Tagaro, 2006, non Ahyong, 2004 (Crustacea). We introduce four new genera, Alisimitra,
Costapex, Turriplicifer, and Orphanopusia, and characterize their anatomy; 14 new species, mostly from deep
water in the Indo-Paci c, are described in the genera Tosapusia, Alisimitra, Costapex, and Pusia. At least two
species of Costapex gen. nov. have been collected from sunken wood.

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2017
doi: 10.1111/z0j.12431

ADDITIONAL KEYWORDS: Indo-Paci ¢
radula taxonomy  Vexillum.

morphology new genus new species phylogeny

tropical and temperate waters from intertidal to

INTRODUCTION bathyal depths. Like many other neogastropod fami-

The family Costellariidae Macdonald, 1860 encom-
passes about 475 living species of carnivorous gas-
tropods (WoRMS, 2016), and is widely distributed in

*E-mail: fedosovalexander@gmail.com

lies, Costellariidae are traced back in the fossil
record to the Upper Cretaceous, and their greatest
diversity in recent faunas is recorded in the Indo-
Paci c (Cernohorsky, 1970; Taylor, Morris & Tavlor,
1980; Turner, 2001; Robin & Martin, 2004; Poppe,
Tagaro & Salisbury, 2009). Numerous costellariid
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species in the genus Vexillum commonly occur sym-
patrically, and even syntopically, in shallow waters
of the tropical Indo-Paci c, predominantly on sandy
bottoms, mud, or coral rubble (Cernohorsky, 1966;
Ponder, 1998; A. Fedosov, pers. observ.). A little over
30 costellariid species are also known from the Wes-
tern Atlantic, and the genera Atlantilux, Nodicostel-
laria, and Turricostellaria are known only from
American waters.

Our recent phylogenetic study of mitriform gas-
tropods (I-edosov et al., 2015) con rmed the mono-
phyly of the Costellariidae and characterized its
relationships within the Neogastropoda. The ptycha-
tractid genera Latiromitra and Ceratoxancus were
recovered as a sister group to the Costellariidae; the
family Volutomitridae and the turbinellid subfami-
lies Columbariinae and Vasinae were found to be
more distantly related. Noteworthy, the family Mitri-
dae, which was long considered most closely related,
showed no af nity whatsoever to the Costellariidae.

Although admittedly new species continue to be
routinely discovered and described, we have a fair
knowledge of the species-level diversity of the mitre
families Costellariidae and Mitridae, undoubtedly as
a consequence of their interest to shell collectors and
amateur taxonomists. By contrast, the genus-level
taxonomy in current use remains very traditional
and has not signi cantly departed from that used by
Walter Cernohorsky in his review published almost
50 years ago (Cernohorsky, 1970). A case in point is
the genus Vexillum, which Cernohorsky (1966: 102)
viewed as famous dumping grounds for an array of
unrelated forms, a situation that has not signi -
cantly changed since then. With 370 valid described
species (WoRMS, 2016), Vexillum currently encloses
80% of costellariid diversity. Although four subgen-
era are traditionally accepted, their boundaries
remain weakly de ned. Species traditionally
assigned to Vexillum (Pusia) typically — though not
always — possess a radula with a tricuspidate rachid-
ian (Azuma, 1965; Cernohorsky, 1966; Fedosov &
Kantor, 2010). Species classi ed in Vexillum (Vexil-
lum) and Vexillum (Costellaria) both have a multi-
cuspidate rachidian (Cernohorsky, 1966), and the
criteria of their delimitation are rather conventional.
Vexillum (Protoelongata) was recently established
(Herrmann, Stossier & Salisbury, 2014) to accommo-
date a set of shallow-water species with a pointed
multi-whorled protoconch, a black head-foot with few
yellow streaks, and a tricuspidate rachidian similar
to those depicted by Azuma (1965) for Pusia.

Our recent phylogenetic analysis demonstrated
that the genus Vexillum is not monophyletic. In our
tree two species of Zierliana were nested in the Vex-
illum s.s. clade, and conversely a diversity of deep-
water forms fell outside this clade. The deep-water

species of Costellariidae formed four distinct clades,
which, together with Thala, were referred to as
basal Costellariidae (I-edosov et al., 2015); these
were shown to share a radula of plesiomorphic mor-
phology with a tricuspidate rachidian, similar to the
radulae found in the ptychatractid genera Ceratoxan-
cus, Latiromitra, and Exilia.

The inferred relationships of the Costellariidae
indicated the need for a considerable rearrangement
of its taxonomy. Our analysis had limitations that
precluded a formal reassessment of costellariid clas-
si cation: for instance, none of the western hemi-
sphere taxa were represented in our data set; species
from the Mediterranean as well as species of Austro-
mitra were missing; and several crucial nodes,
important for understanding the evolutionary history
of the family, were lacking support. The purpose of
the present study is thus to carry out a more thor-
ough analysis of costellariid phylogeny based on an
extended molecular data set, supplemented by
detailed morphological analysis. Based on results of
the phylogenetic analysis, we carry out a reconstruc-
tion of the evolutionary history of the family, corre-
lating molecular and morphological characters, and
we provide formal descriptions of the new genera
Alisimitra, Costapex, Turriplicifer, and Orphanopu-
sia, and of 14 new species, mostly from deep water
in the Indo-Paci c, in the genera Tosapusia, Alisimi-
tra, Costapex, and Pusia.

MATERIAL AND METHODS
TAXON SAMPLING

The present study is largely based on material vou-
chered in Museum National d histoire Naturelle
(MNHN), collected during multiple expeditions con-
ducted by MNHN and Institut de recherche pour le
developpement (IRD), the joint Russian-Vietnamese
Tropical Centre, and other ad hoc eldwork (see
Acknowledgements). To improve taxon sampling
compared with our previous study, 89 additional
costellariid specimens were analysed, bringing the
total number of specimens studied to 123 (see
Table 1). Before 2012, specimens were treated with
an isotonic solution of magnesium chloride until
relaxed (showing no response to touch), and then a
tissue clip was cut. Starting from early 2012, speci-
mens were processed using a microwave oven
(Galindo et al., 2014), i.e. in most cases the entire
body, or at least the last 1-1.5 whorls, were available
for study. Tissue samples were preserved in 96%
ethanol. Voucher shells are kept in MNHN or in the
repository of the Laboratory of Ecology and Morphol-
ogy of Marine Invertebrates of the A.N. Severtsov
Institute of Ecology and Evolution (IPEE).

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2017, 179, 541-626
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550 A.E.FEDOSOV ET AL.

Specimens were initially segregated into morphos-
pecies based on shell morphology. Then the barcode
fragment of the cytochrome c oxidase subunit I (COI)
gene was sequenced for all specimens with tissue
clips available. A phylogenetic analysis was used to
check whether the morphospecies corresponded to
monophyletic groups or not, each including speci-
mens separated by low genetic distances (compared
with between-group genetic distances). The generally
low number of sequenced specimens per species ham-
pered the use of automatic species delimitation tools.
Finally, one specimen for each species, as de ned
using shell characters and COI sequences, was also
sequenced for additional genes, 16S rRNA, 12S
rRNA, and Histone 3 (H3), to reconstruct the phylo-
genetic relationships between species.

To complete type series of the inferred new species
and characterize their shell variation, additional dry
material from MNHN collections was included in the
study.

DNA EXTRACTION AND POLYMERASE CHAIN REACTION

For most of the newly added specimens DNA extrac-
tion was carried out as described in Fedosov et al.
(2015). For a set of additional samples (marked with
asterisks in Table 1), a Thermo Scienti ¢ GeneJET
Genomic DNA Puri cation 50 kit was used; all proce-
dures were performed following the manufacturers
suggested protocol.

About 2 Il of genomic DNA was used for poly-
merase chain reaction (PCR). The PCR reactions
were performed following the temperature pro les
described in Fedosov et al. (2015), but some COI
sequences were obtained with a slightly different
pro le: 3 min of initial denaturation at 95 °C, fol-
lowed by ve cycles with denaturation at 95 °C
(15 s), annealing at 45 °C (15 s), and elongation at
72 °C (1 min), and then 35 cycles with the annealing
temperature set to 48 °C, and with the nal elonga-
tion phase at 72 °C (7 min). The sequencing was per-
formed at Genoscope, Euro ns, and the laboratory of
molecular genetics, A.N. Severtsov Institute of Ecol-
ogy and Evolution (SIEE RAS).

DATA SETS

To ensure the consistency of phylogenetic analyses
with the results obtained earlier, the entire Mitridae—
Costellariidae-Ptychatractidae-Volutomitridae (MCPV)
data sets, with multiple out-groups, as analysed in
Fedosov et al. (2015), were used and supplemented
with newly obtained sequences. Seven molecular data
sets have been analysed, four of them corresponding
to the individual three mitochondrial genes and
nuclear marker H3. When the resulting phylogenetic

reconstructions were congruent, two concatenated
data sets were assembled, one corresponding to the
three mitochondrial genes (3mit, consistent with our
earlier analysis, 1887 positions), and the second corre-
sponding to a four genes data set (4G, 2215 positions).
Finally, a reduced 4G data set was built to recon-
struct relationships among species of Costellariidae
for which data on anatomy was available.

PHYLOGENETIC ANALYSIS

Newly obtained COIl and H3 sequences were aligned
manually; 16S and 12S sequences were rst aligned
automatically with MUSCLE (I=dgar, 2004) and then
modi ed manually where necessary. We also checked
for consistency with our earlier alignment (I=edosov
et al., 2015).

The best- tting substitution models were identi-

ed for each gene separately, using MODELGEN-
ERATOR 0.85 (IKeane et al., 2006; Table 2). The
single-gene data sets of 12S, 16S, and H3 were
analysed as a single partition each; three partitions
corresponding to rst, second, and third codon posi-
tions were analysed independently for COIl. The
combined MCPV 3mit and MCPV 4G data sets were
separated into ve and six unlinked partitions,
respectively: 16S, 12S, three codon positions of the
COI gene (both data sets) plus the H3 gene (MCPV
4G data set).

Best-scoring maximum likelihood (ML) trees were
estimated using RaxML (Stamatakis, 2005), and
robustness of the nodes was assessed using the
THOROUGH BOOTSTRAPPING algorithm (I=elsen-
stein, 1985%) with 1000 iterations.

Bayesian analyses were performed in two parallel
runs in MrBayes (Huelsenbeck, Ronquist & Hall,
2001). For 16S, 12S, and H3 single-gene analyses,
each run consisted of six Markov chains and
10 000 000 generations, with the default number of
chain swaps and sampling frequency of one tree in
each 1000 generations. For the COIl, MCPV 3mit,
and MCPV 4G data sets, Bayesian analyses with the
same parameters used for the single-gene data sets
were run rst to evaluate the topologies of the
resulting trees. Then the nal analyses were per-
formed for these data sets with the number of chains
set to eight, number of generations set to
30 000 000, number of chain swaps set to ve, and
sampling frequency set to one tree each 1000 genera-
tions. A chain temperature of 0.02 was used in all
analyses. Convergence of each analysis was checked
using TRACER 1.4.1 (Rambaut et al., 2014): the two
runs were considered to have converged if all ESS
values exceeded 200. Consensus trees were calcu-
lated after discarding the rst 25% trees as burn-in.
All analyses were performed on the Cipres Science
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Gateway  (http://www.phylo.org/portal2)  (Miller,
Pfeiffer & Schwartz, 2010), using MrBayes 3.2.2 on
XSEDE and RAXML-HPC2 on XSEDE (8.1.11).

gamma
4
0.51
0.58
0.72

|
0.46
0.4
0.27
1

MORPHOLOGICAL STUDIES

In addition to the 15 species for which the radulae
had already been published (I=edosov et al., 20155), 60
additional costellariid species were examined with
respect to radular morphology, extracted from the
molecular voucher specimens whenever possible to
ensure an objective overlay of molecular and morpho-
logical data. For specimens with body retracted inside
the shell, a hole or a series of holes were drilled to
extract the body as completely as possible. For radula
preparation, the entire foregut (or the buccal mass
only, for larger specimens) was isolated by dissection
and treated with a solution of commercially available
bleach until the soft tissues were entirely dissolved.
Radulae were then rinsed in several changes of dis-
tilled water, unfolded, and mounted on a standard
12-mm stub, gold coated, and examined using scan-
ning electron microscopy (SEM; for a detailed
description of the procedure, see Kantor & Puillan-
dre, 2012). Each of the major Costellariidae lineages
revealed by the molecular analysis was characterized
anatomically, and special attention was paid to the
anterior alimentary canal and the penis. Where pos-
sible, the type species of nominal genera were studied
anatomically. For other species, the character states
of crucial morphological features (those that display
variation throughout the data set) were recorded and
entered into the table for subsequent analysis
———————— (Table 3). For the out-group and some in—-group taxa,
anatomical data were retrieved from the literature
(Harasewych, 1986; Kantor & Bouchet, 1997; Kantor,
Bouchet & Oleinik, 2001; Bouchet & Kantor, 2000a,
2004; Fedosov & Kantor, 2010). Five characters of
external morphology and anatomy were examined,
their transformation throughout costellariid evolu-
tion was traced using the tracing character history
option, and the parsimony ancestral reconstruction
method was implemented in MESQUITE 3.03 (Mad-
dison & Maddison, 2015).

Substitution
model (AIC1)
TrN+I1+G
TrN+I+G

GTR+I+G
TIM+I+G

Alignment
length (bp)

658
597
620
328

Ampli cation
length (bp)
658
~550
~380
328

Annealing
temperature

48-50
55
57
55

umbi (1996)
umbi (1996)
umbi (1996)

mer et al. (1994)
umbi (1996)

mer et al. (1994)
gan et al. (2000)
gan et al. (2000)

References

Fo
Pa
Pa
Pa
Pa
Co
Co

CHARACTERS AND CHARACTER STATES USED IN
THE ANALYSIS

1. Operculum: 0, present; 1, vestigial (less than
one-quarter of aperture height); 2, absent.

2. Seminal groove: 0, open along entire length of
mantle cavity and on the penis; 1, partly closed
(a stretch of the seminal canal, but not its entire
length, is represented by an open groove); 2,
closed.

LCO-2198 TAAACTTCAGGGTGACCAAARAAYCA Fo

16SH CCGGTCTGAACTCAGATCACG

HCO-1490 GGTCAACAAATCATAAAGAYATGYG
16LC GTTTACCAAAAACATGGCTTC

12SA AAACTGGGATTAGATACCCACTAT

12SB GAGGGTGACGGGCGGTGTGT
H3F ATGGCTCGTACCAAGCAGACVGC

H3R ATATCCTTRGGCATRATRGTGAC

Primers

Table 2. Alignment and substitution model data

Gene
CO
16S
12S
H3
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Table 3. Matrix of morphological characters and their states used in the analysis

Seminal
Family Genus Species Specimen data Operculum groove Rachidian gL moe
COSTELLARIIDAE Vexillum plicarium IM-2013-13646 2 2 3 3 2
COSTELLARIIDAE Vexillum semifasciatum  IM-2013-11594 2 2 3 3 2
COSTELLARIIDAE Vexillum costatum IM-2009-11058 2 2 3 3 2
COSTELLARIIDAE Vexillum exasperatum IM-2013-11680 2 2 3 3 2
COSTELLARIIDAE Vexillum virgo IM-2013-13079 2 2 3 3 2
COSTELLARIIDAE Vexillum cancellarioides IM-2013-40631 2 2 3 3 2
COSTELLARIIDAE Vexillum ziervogelii IM-2013-15865 2 2 3 3 2
COSTELLARIIDAE Austromitra sp. IM-2013-40667 2 2 3 2 1
COSTELLARIIDAE Austromitra vincta IM-2013-40671 2 2 3 2 1
COSTELLARIIDAE Atlantilux rubrum IM-2013-1747 2 2 3 1 1
COSTELLARIIDAE Atlantilux exigua IM-2009-31184 2 2 3 ? ?
COSTELLARIIDAE Pusia (Pusia) vassardi IM-2013-40682 2 2 0 ? 1
sp. Nov.
COSTELLARIIDAE Pusia (Pusia) lauta IM-2013-47927 2 2 0 ? ?
COSTELLARIIDAE Pusia (Ebenomitra) ebenus see text 2 2 0 2 1
COSTELLARIIDAE Pusia (Vexillena) balutensis IM-2013-40637 2 2 1 1 1
n. subgen.
COSTELLARIIDAE Turriplicifer australis IM-2013-40675 2 1 0 2 2
gen. nov.
COSTELLARIIDAE Protoelongata dekkersi IM-2007-30242 2 2 0 1 1
COSTELLARIIDAE Orphanopusia patriarchalis IM-2013-10241 2 2 1 1 2
gen. nov.
COSTELLARIIDAE Nodicostellaria laterculata IM-2013-9022 2 2 2 2 1
COSTELLARIIDAE Thala exilis 1M-2013-3389 2 2 0 0o 1
COSTELLARIIDAE Costapex sulcatus Par. 2. 2 1 0 0 0
gen. nov. Sp. Nov.
COSTELLARIIDAE Costapex levis sp. nov.  IM-2013-40628 2 1 0 ? ?
gen. nov.
COSTELLARIIDAE Alisimitra deforgesi IM-2013-9655 2 0 0 0 O
gen. nov. sp. Nov.
COSTELLARIIDAE Alisimitra barazerii IM-2013-40664 2 0 0 0 O
gen. nov. sp. Nov.
COSTELLARIIDAE Tosapusia isaoi IM-2013-19926 2 0 0 0o o0
COSTELLARIIDAE Tosapusia vitiaz sp. nov. 1M-2013-40624 2 0 0 0o O
COSTELLARIIDAE Ceratoxancus teramahii Kantor and 0 0 0 0 0
Bouchet (1997)
COSTELLARIIDAE Ceratoxancus cf. melichrous Kantor and 0 0 0 0 0
Bouchet (1997)
COSTELLARIIDAE Latiromitra barthelowi IM-2007-35820 O 0 0 0 O
COSTELLARIIDAE Latiromitra crosnieri IM-2007-38178 1 0 0 0 0
PTYCHATRACTIDAE Exilia vagrans Kantor et al. 0 0 0 0 O
(2001)
PTYCHATRACTIDAE Exilia hilgendor Kantor et al. 0 0 0 0 O
(2002)
PTYCHATRACTIDAE Exilia krigei IM-2007-38331 0O 0 0 0 O
VOLUTOMITRIDAE  Exilioidea sp. IM-2013-40625 O ? 0 ? ?
VOLUTOMITRIDAE  Volutomitra glabella Bouchet and 0 0 4 3 3
Kantor (2004)
VOLUTOMITRIDAE  Volutomitra ziczac Bouchet and 0 0 4 3 3
Kantor (2004)
VOLUTOMITRIDAE  Volutomitra sp. IM-2007-38357 O ? 4 3 3
VOLUTOMITRIDAE  Microvoluta joloensis IM-2013-9662 0 0 4 3 3
COLUMBARIIDAE Coluzea cf. liriope IM-2007-38972 O 0 0 o 2

Type species of nominative taxa of Costellariidae shown in bold
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3. Rachidian tooth: 0, tricuspidate; 1, bearing three
major and two minor cusps; 2, bearing ve
equally developed cusps; 3, bearing seven or
more equally developed cusps; 4, monocuspidate.

4. Bulky gland of Leiblein: 0, well developed,
brown; 1, reduced in size, brown(ish); 2,
reduced in size, white (acinous structure of the
gland lost and an external layer with muscular
and connective tissue bres developed); 3, ves-
tigial (histology of the gland same as in the
previous character state; thickness of gland
does not exceed the thickness of the following
secondary tubular glandular structure, and its
length is about 1.0-1.5 times its thickness).

5. Glandular mid-oesophagus: 0, weakly devel-
oped; 1, well developed, widened; 2, well devel-
oped, forms a tubular part of gland of Leiblein;
3, muscular.

ABBREVIATIONS OF REPOSITORIES AND
FACILITIES USED IN TEXT

AM, Auckland War Memorial Museum, Auckland,
New Zealand; AMS, Australian Museum, Sydney,
Australia; BPBM, Bishop Museum, Honolulu, Hawaii,
USA; IMT, Institute of Malacology, Tokyo, Japan;
IPEE, A.N. Severtsov Institute of Ecology and Evolu-
tion, Russian Academy of Science, Moscow, Russia;
MCZ, Museum of Camparative Zoology, Harvard
University, Cambridge, MA, USA; MNHG, Museum
d Histoire Naturelle, Geneva, Switzerland; MNHN,
Museum National d Histoire Naturelle, Paris, France;
NHMUK, The Natural History Museum, London, UK;
NMBE, Natural History Museum, Bern, Switzerland;
NMNS, National Museum of Natural Science, Tai-
chung, Taiwan; NMP, National Museum of the Philip-
pines, Manila, Philippines; NMST, National Science
Museum, Tokyo, Japan; NMNZ, National Museum of
New Zealand Te Papa Tongarewa, Wellington, New
Zealand; NSMN, Nishinomiya Shell Museum, Nishi-
nomiya, Japan; RMNH, Naturalis Biodiversity Centre
(formerly Rijksmuseum van Natuurlijke Historie),
Leiden, the Netherlands; SIEE RAS, Laboratory of
Molecular Genetics, A.N. Severtsov Institute of Ecol-
ogy and Evolution, Russian Academy of Science, Mos-
cow, Russia; SMNS, Staatliches Museum fur
Naturkunde, Stuttgart, Germany; USNM, National
Museum of Natural History, Smithsonian Institution,
Washington, DC, USA; WAM, Western Australian
Museum, Perth, Australia.

ANATOMY ABBREVIATIONS

ag, anal gland; aoe, anterior oesophagus; asg, acces-
sory salivary gland; bm, buccal mass; bt, buccal tube;
cm, columellar muscle; ct, ctenidium; dgL, duct of

gland of Leiblein; ft, foot; gL, gland of Leiblein; gmo,
glandular mid-oesophagus; me, mantle edge; nr,
nerve ring; odr, odontophore retractor; 0sg, open
seminal groove; osp, osphradium; pggL, poorly glan-
dular gland of Leiblein; pe, penis; poe, posterior
oesophagus; pr, proboscis; prr, proboscis retractors;
prw, proboscis wall; rad, radular membrane; rd,
radular diverticulum; rnh, rhynchodaeum; sd, sali-
vary duct; sg, salivary gland; sn, siphon; tn, eye ten-
tacle; vL, valve of Leiblein.

OTHER ABBREVIATIONS AND TEXT CONVENTIONS

a/h, ratio of aperture height to shell height; B, maxi-
mum-likelihood bootstrap support value; Bl, Baye-
sian inference; dd, dead collected specimen(s); law/h,
ratio of last adult whorl height to shell height; Iv,
live collected specimen(s); M, type species by mono-
typy; ML, maximum likelihood; OD, original designa-
tion of type species; PI, protoconch 1; PlI, protoconch
I1; PP, Bayesian posterior probability support value;
SD, subsequent designation of type species; SH, shell
height; T, type species by tautonymy; w/h, ratio of
shell width to height.

GENERIC ASSIGNMENT

Decisions on the (sub)generic assignment of the spe-
cies are based on: (1) molecular evidence and radula
morphology, or molecular data only; and (2) shell
characters alone.

RESULTS

SPECIES DELIMITATION AND PHYLOGENETIC
RELATIONSHIPS

The general time-reversible model GTR+I+G was
selected as the best t for the COI data set (for the
details of substitution models, see Table 2). Most of
the 123 specimens are grouped in the COl-based
molecular tree in agreement with the identi cations
based on shell characters (Figs 1, 2): specimens
placed in the same morphospecies are grouped in a
single clade and, conversely, specimens from differ-
ent morphospecies are in different lineages. In three
cases [ Vexillum evelynae Guillot de Suduiraut, 2007,
Vexillum isaoi (Kuroda & Sakurai, 1959), and Tong-
suapusia tehuaorum Huang, 2015; see below], how-
ever, specimens that were initially treated as
different putative species based on their divergent
shell morphology proved to belong to the same spe-
cies based on the analysis of COI.

Of the 80 species de ned using shell characters
and congruent with the COI tree, 53 were named
with certainty, 23 were unnamed, and the four
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Figure 1. Relationships among major lineages of the
Costellariidae based on a Bayesian analysis of cytochrome
¢ oxidase subunit | (COI; major inferred lineages col-
lapsed, see Fig. 2). Branch support given as Bayesian
posterior probability (when >0.8)/maximum-likelihood
bootstrap values (when >50).

remaining species were provisionally identi ed as
cf. (confere) or aff. (af nis), indicating that the
specimen was morphologically close to some
described species and may (cf.) or may not (aff.)
belong to this species. We failed to amplify any COI
fragment for four more species; however, these were
distinctive in shell morphology and fell into already
de ned clades based on the other genetic markers.
Two of them are undescribed species, each repre-
sented by a single specimen: MNHN IM-2013-40626
in clade C-Il (Costapex exbodi sp. nov.) and MNHN
IM-2013-40638 in clade C-IlI1 (Alisimitra samadiae
sp. nov.). The other two, represented by specimens
MNHN 1M-2013-20368 and MNHN IM-2013-40632,
were identi ed as Vexillum puella (Reeve, 1845)
and Vexillum nodospiculum Cernohorsky, 1970,
respectively, both showing close af nity with Vexil-
lum rubrum (Broderip, 1836).

All the single-gene trees were generally congruent
with each other, and contained minimal supported
con icts in topologies (see below). In all single-gene
trees, deep nodes were unstable in topology and in
most cases weakly supported or not supported at all.
In particular, the relationships among near-Vexil-
lum taxa (i.e. referred to as Vexillum s.I. by Fedo-
sov et al.,, 2015) were not resolved. Thus, we will
only refer to the reconstructions derived from the
analyses of the concatenated data sets to discuss the
phylogenetic relationships between the species that
were de ned using shell characters and the analysis
of COl.

The resulting 3mit and 4G phylogenetic trees
(Figs 3, 4) were largely congruent with those in
Fedosov et al. (2015). The pattern of deep nodes in
the grouping referred to by Fedosov et al. (2015) as
clade A (that included Costellariidae with Ceratox-
ancus and Latiromitra, Volutomitridae, Columbari-
inae, and two ptychatractid lineages not related to
each other) remained nearly unchanged. Meanwhile,
the inclusion of numerous additional costellariid
sequences resulted in notable alterations in the
topologies of both Bayesian (Bl) and maximum-likeli-
hood (ML) trees, as well as in support values. For
easier graphic presentation of our results, we col-
lapsed the clades for which the composition remained
unchanged from Fedosov et al. (2015).

The multiple-gene analyses produced trees with
similar topologies; however, some polytomic nodes
that were present in the 3mit tree were resolved in
the 4G tree. Most of the older nodes on the 4G tree
have high support values, indicating the high credi-
bility of the inferred relationships. For the conve-
nience of further discussion we enumerated nodes in
the Costellariidae segment of the tree (nodes 1 and 6
on the 3mit tree, and nodes 1 and 9 on the 4G tree;
Figs 3, 4). In both trees, the rst and second
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bifurcations split the well-supported Ceratoxancus—
Latiromitra and the C-l clades, respectively, from
the rest of the Costellariidae. The branching order at
nodes 3 and 4 differs between the 3mit and 4G trees:
polytomies at these nodes in the 3mit tree re ect
unresolved relationships among groupings C-II, C-
111, Thala-Nodicostellaria, and the rest of the Costel-
lariidae. The high support of node 5 on the 4G tree
(PP = 0.99) suggests a close relationship of the
Thala—Nodicostellaria grouping with the Vexillum
s.s. clade and near Vexillum taxa, however. The
Thala-Nodicostellaria clade deserves special atten-
tion, although it does not have signi cant support.
This clade includes the Indo-Paci ¢ Thala exilis
(Reeve, 1845) as well as the Caribbean Vexillum
laterculatum (G.B. Sowerby Il, 1874), which from
overall shell morphology is referable to Nodicostellar-
ia (see below). The well-supported Austromitra clade
is a sister group to the well-supported Vexillum s.s.
clade in both multi-gene analyses, and the grouping
Vexillum s.s.—Austromitra is also well supported
in both cases. The Vexillum s.s.—Austromitra clade
on the 3mit tree is included in a large polytomic
grouping de ned by node 4 that also includes: (1) a
well-supported grouping of two Australian species
Vexillum australe (Swainson, 1820) and Austromitra
aff. cinnamomea (A. Adams, 1855) (B = 100; PP = 1);
(2) a well-supported grouping of Atlantilux exigua
(C.B. Adams, 1845), V. rubrum, V. nodospiculum,
and V. puella (B = 76; PP = 1); (3) and (4) two single-
species clades formed by Vexillum (Protoelongata)
dekkersi Herrmann, Stossier & Salisbury, 2014 and
Vexillum patriarchale (Gmelin, 1791); and (5) a
weakly supported grouping that we refer to hereafter
as the Pusia clade (B = 67; PP = 0.96). The Pusia
clade combines clade C-IV of Fedosov et al. (2015), a
closely related Vexillum sp. (IM-2013-40682)- Vexil-
lum (Pusia) lautum (Reeve, 1845) clade, and a third
clade formed by two Mediterranean species, Vexil-
lum ebenus (Lamarck, 1811) and Vexillum savignyi
(Payraudeau, 1826).

The composition of the Austromitra clade, Pusia
clade, Vexillum s.s. clade, and clades C-I, C-Il, and
C-II1 are consistent in 3mit and 4G trees, with slight
differences in support values. However, the Vexil-
lum dekkersi lineage, Vexillum australe - Austromi-
tra aff. cinnamomea clade, and Pusia clade are
grouped together (although with no support) in the
4G tree, and the clade combining Atlantilux exigua
and three Vexillum species clusters with the Vexil-
lum s.s.  Austromitra clade, whereas the Vexillum
patriarchale lineage stands out on its own.

The topology of the COl-based tree (Fig. 1) contra-
dicts the topologies of phylogenetic reconstructions
based on the multiple-gene analyses. In the rst
case, Atlantilux exigua is sister taxon to

Costellariidae s.s., which in turn is divided into two
major clades: one combines the Vexillum and Austro-
mitra lineages; the other combines all other lineages,
and the af nity of the clades C-I, C-II, C-IIl, and
Thala—Nodicostellaria is well supported in the Baye-
sian analysis (PP = 1). In the multiple-gene analyses,
the  Vexillum-Austromitra  grouping remains
unchanged overall, whereas the second major clade
is paraphyletic, consistent with the topology obtained
in our earlier study (Fedosov et al., 2015). One of the
possible reasons for the con ict of topologies is a long
branch that de nes the Vexillum clade: it implies
multiple substitutions accumulated in the COI frag-
ment, which are shared by the Vexillum s.s. species
but are absent in the other paraphyletic group. Thus
this paraphyletic group shares a plesiomorphic state
in multiple positions of the COI gene, and is likely to
be an arti cial group based on these shared ple-
siomorphies. Similarly, the single-species clade of
Atlantilux exigua, which is basically exluded from
the well-supported Costellariidae s.s. on the COI-
based tree, forms a well-supported clade with three
Vexillum species in multiple-genes analyses,
although retaining its long branch. We are inclined
to attribute this con ict to an ambiguity in the place-
ment of the highly divergent COI sequence, which
was resolved with the addition of three overall more
conserved genetic markers.

IMPLICATIONS FOR THE TAXONOMY OF
THE COSTELLARIIDAE

In the present section we aim to implement a revised
taxonomy of the family Costellariidae derived from
the phylogenetic tree. In doing so, and to avoid
breaking the logic of the paper, we will also refer to
the morphological data that will be presented along
with the description of the new taxa. Therefore, some
of our rationale will follow below, where the morpho-
logical data will be analysed in light of the molecular
phylogeny.

The clade corresponding to Vexillum s.s. is
de ned in our 4G tree by node 9 (Fig. 4), and is
equally well de ned on the COl-based tree (Fig. 1).
The 65 specimens of Vexillum s.s. that were
sequenced for COI clustered in 37 molecular species
(Fig. 2). Consistent with our earlier results, this
Vexillum s.s. clade combines species of the genus
Zierliana with members of three subgenera of Vexil-
lum, Vexillum (Vexillum) [indicated by a bold V in
Fig. 2, including the type species Vexillum plicar-
ium (Linnaeus, 1758)], Vexillum (Costellaria) [indi-
cated by a bold C, including the type Vexillum
semifasciatum (Lamarck, 1811)], and species tradi-
tionally classi ed in Vexillum (Pusia) [indicated by
a bold P, represented by Vexillum cancellarioides
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C-l - Tosapusia

C-IIl - Alisimitra n. gen.

C-Il - Costapex n. gen.

IM-2007-30347 Tosapusia myurelia n. sp.
IM-2013-40624 Tosapusia vitiaz n. sp.
IM-2013-19695 Tosapusia bismarckeana n. sp.
IM-2007-35967 Tosapusia aff. duplex

Austromitra - Vexillum clade

g9 IM-2013-40671 Austromitra vincta
—WL_[ IM-2013-40673 Austromitra scita
IM-2013-40672 Austromitra cf volucra

IM-2013-19792 Tosapusia turriformis n. sp.
IM-2007-34550 Tosapusia longirostrs n. sp.
IM-2007-34557 Tosapusia isaci
IM-2013-40636 Tosapusia isaoi
IM-2007-35624 Tosapusia cf. duplex
IM-2013-44575 Tosapusia duplex — g3
IM-2007-36747 Tosapusia evelynae
IM-2013-40669 Tosapusia evelynae 2
1M-2013-40670 Tosapusia evelynae 1

IM-2007-38256 Alisimitra deforgesi n. sp.
IM-2007-38639 Alisimitra barazeri n. sp. =
IM-2013-40664 Alisimitra barazeri n. sp.
IM-2007-39400 Alisimitra barazeri n. sp.
1M-2007-39271 Alisimitra fuscolineata
IM-2007-39258 Alisimitra tehuaorum n. sp.
IM-2013-40663 Alisimitra tehuaorum n. sp.
IM-2013-44146 Alisimitra tehuaorum n. sp.
IM-2013-19796 Alisimitra tehuaorum n. sp.

1M-2007-31766 Costapex sp.

IM-2013-40627 Costapex sulcatus n. sp.

IM-2013-40867 Austromitra sp.

1M-2007-30004 Vexillum virgo C
full 499”']!\.!-200?-30043 Vexillum virgo G
IM-2013-13079 Vexillum virgo ©
IM-2007-30239 Vexillum sp.
oo IM-2007-30206 Vexillum collinsoni G
IM-2007-30255 Vexillum collinsoni C
IM-2007-30342 Vexillum amandum €
10011 1 IM-2007-30005 Vexillum costatum C
—1 1M-2008-11058 Vexillum costatum €
IM-2007-30013 Vexillum discolorium P
@it [ IM-2007-30257 Vexillum discolorium P
IM-2007-30280 Vexillum discolorium P
IM-2007-30287 Vexillum discolorium P

1001 [ IM-2007-30258 Vexillum herosae P
IM-2013-40630 Vexillum herosae P
IM-2007-30303 Vexillum pagodula C
J{r— IM-2007-30324 Vexillum pagodula C
IM-2007-30310 Vexillum pagodula C
1001 | IM-2007-30267 Vexillum roseum C
1 IM-2007-30327 Vexillum roseum €
1001 IM-2007-30286 Vexillum sp.
IM-2007-38136 Vexillum sp.

981 [IM-ZDO?-SGSTZ Vexillum micra G
IM-2013-4734 Vexillum micra C©

10011 [iM-200?-30345 Vexillum sp
IM-2007-30348 Vexillum sp

IM-2013-40132 Costapex joliveti
IM-2013-40666 Costapex joliveti
IM-2013-4814 Costapex sp.
IM-2013-40628 Costapex levis n. sp.
IM-2009-4609 Costapex levis n. sp.

Thala-Nodicostellaria clade

1M-2007-30240 Thala jaculanda
IM-2013-9022 Nodicostellaria laterculata
IM-2007-30289 Thala sp.
IM-2013-3389 Thala exilis

“Near-Vexillum” taxa

078

major “basal Costellariidae” grouping

o IM-2007-30242 Profoelongata dekkersi
L IM-2007-30307 Protoelongata loyaltyensis

IM-2013-40668 Turriplicifer aff. cinnamomea
IM-2013-40675 Turrplicifer australis

IM-2013-40660 Pusia (Ebenomitra) ebenus
IM-2013-40674 Pusia (Ebenomitra) savignyi
IM-2013-47927 Pusia (Pusia) lauta
IM-2013-40682 Pusia (Pusia) vassardi n. sp.
IM-2007-32371 Pusia (Vexillena) sp.

IM-2013-40637 Fusia (Vexillena) balutensis

— IM-2007-32136 Pusia (Vexillena) jenyai n. sp.

— IM-2007-32140 Pusia (Vexillena) johnwolff

—— |M-2007-38378 Pusia (Vexillena) cf. choslenae
IM-2013-10241 Orphanopusia patriarchalis

oart | IM-2007-30319 Atlantilux rubra

T2/.97

0.2

IM-2013-1747 Atlantilux rubra
$2009-8 Atlantilux rubra
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IM-2013-40633 Vexillum scitulum C
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IM-2007-30288 Vexillum infaustum P
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1M-2007-30249 Vexillum infaustum P
N [ IM-2007-30101 Vexillum sanguisuga C
IM-2013-14245 Vexillum sanguisuga G
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IM-2007-32151 Veexillum leforti ©
| _m—————— IM-2007-30325 Vexillum humile €
IM-2007-33510 Vexillum sp
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(Anton, 1838), Vexillum herosae (Herrmann & Salis-
bury, 2012), and Vexillum discolorium (Reeve,
1845), but not including the type species]. Although
the two Zierliana species are conchologically very
distinctive, and they cluster together in the molecu-
lar tree, they are just one branch in the Vexillum
polytomy. Recognition of Zierliana as a subgenus or
genus would imply dismembering Vexillum into
numerous (sub)genera, a move that we are not pre-
pared to make. Consequently, we treat Zierliana as
a synonym of Vexillum. The other subgenera are
spread throughout the Vexillum s.s. clade, without
any noticeable pattern. Furthermore, numerous spe-
cies classically referred to Vexillum (Pusia) (marked
with black circles on the 4G tree - Fig. 4) are recov-
ered outside the Vexillum s.s. clade, and only dis-
tantly related to each other. We studied a radula of
Pusia microzonias (Lamarck, 1811), the type species
of Pusia (see below), and we sequenced two species,
Vexillum (Pusia) lautum MNHN IM-2013-47927
and Pusia vassardi sp. nov. (MNHN IM-2013-
40682) that are close to Pusia microzonias in both
shell and radula morphology (see below). As a
result, we conclude that the name Pusia should be
restricted to the clade Vexillum (Pusia) lautum-
Pusia vassardi sp. nov., which is only distantly
related to Vexillum.

Likewise, the ve species tentatively assigned to
Austromitra do not form a clade. Austromitra aff.
cinnamomea appears only distantly related to the
other four species, which form a well-supported
clade, closely related to Vexillum s.s. Having com-
pared the morphology of the species studied herein
with the morphology of Austromitra rubiginosa (Hut-
ton, 1837) as published by Ponder (1972), we con-
clude that the name Austromitra should be
attributed to the clade formed by Austromitra sp.,
Austromitra vincta (A. Adams, 1855), Austromitra
scita (Tenison-Woods, 1876), and Austromitra cf.
volucra (Hedley, 1915).

Our molecular analysis suggests a close relation-
ship between the crown group of Costellariidae, con-
sistent with our Vexillum s.s. clade and the
Austromitra clade (Figs 3, 4); however, because of
notable differences in morphology and distribution,
we treat these as two separate genera herein.
Besides Zierliana and Vexillum (Costellaria), the fol-
lowing are also con rmed to be junior synonyms
(Turner, 2001) of Vexillum: Arenimitra Iredale, 1929
(type Voluta exasperata Gmelin, 1791), Pulchritima

Iredale, 1929 (type Voluta sanguisuga Linnaeus,
1758), Tiara Swainson, 1831 (type Voluta rugosa
Gmelin, 1791), and Vulpecula Blainville, 1824 (type
Voluta vulpecula Linnaeus, 1758).

Although the af nity of the Vexillum s.s.—Austro-
mitra clade with the Atlantilux exigua—Vexillum
rubrum clade is not supported by molecular data,
the phylogenetic grouping composed of these three
lineages (de ned by node 7 of the 4G tree; Fig. 4) is
supported by at least one distinct synapomorphy in
morphology (see below). This clade is remarkable as
it combines Caribbean (Atlantilux exigua and Vexil-
lum puella) and Indo-Paci ¢ (Vexillum rubrum and
Vexillum nodospiculum) species that, however, do
not form reciprocally monophyletic groups in our
phylogenetic reconstructions. We allocate the name
Atlantilux Huang, 2015 to the entire clade, which we
treat as a genus. It should be noted that Atlantic
and Indo-Paci c species of Atlantilux show consistent
differences in protoconch morphology (see below), but
the phylogenetic signi cance of this signal is not
known.

There are ve names that can potentially apply to
the lineages arising from node 6 of our 4G tree, but
not included into the Vexillum-Austromitra-Atlanti-
lux grouping: Pusia Swainson, 1840; Ebenomitra
Monterosato, 1917 (type species Mitra ebenus
Lamarck, 1811); Pusiolina Cossmann, 1921 (type
species Mitra tricolor Gmelin, 1791), Idiochila Pils-
bry, 1921 (type species Mitra turben Reeve, 1845),
and Protoelongata Herrmann, Stossier & Salisbury,
2014 (type species Vexillum dekkersi Herrmann,
Stossier & Salisbury, 2014). Specimens of Vexillum
ebenus and Vexillum dekkersi were sequenced,
which allows us to allocate the names to the inferred
phylogenetic clades with certainty. In addition, we
sequenced specimens of Vexillum savignyi, a
Mediterranean species referable to Pusiolina, and
undoubtedly close to Vexillum tricolor. The two
Mediterranean species Vexillum ebenus and Vexil-
lum savignyi cluster together with high support in
all our phylogenetic analyses. Thus we apply the
name Ebenomitra to this two-species clade (with
Pusiolina as a junior synonym), and suggest that it
applies to all Mediterranean costellariids (see below).
Both the 3mit and 4G analyses suggest a close rela-
tionship between the Ebenomitra clade, the Pusia
clade (both as newly circumscribed herein), and a
deep-water Vexillum balutense Herrmann,
2009- Vexillum choslenae Cernohorsky, 1982 clade,

Figure 2. Major Costellariidae s.s. lineages (without Ceratoxancus and Latiromitra) inferred in the Bayesian analysis
of the cytochrome c oxidase subunit | gene (COI; see Fig. 1A). Branch support as Bayesian posterior probability (when
>0.7)/maximum-likelihood bootstrap values (when >50). C, P, V and Z denote species, that in traditional treatment were
classi ed to Vexillum (Costellaria), Vexillum (Pusia), Vexillum (Vexillum), and Zierliana respectively.
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Figure 3. A, phylogenetic tree illustrating relationships between major Costellariidae clades inferred by Fedosov et al. (2015)
(collapsed), based on a Bayesian analysis of three mitochondrial genes [cytochrome ¢ oxidase subunit I (COl), 12S rRNA, and
16S rRNA: data set 3mit]. Branch support as Bayesian posterior probability (when >0.8)/maximum-likelihood bootstrap values
(when >50). B, Costapex gen. nov. (C-Il) subtree with the position of Costapex exbodi sp. nov. indicated by a star.
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IM-2013-40682 "Vexillum® n. sp. I Pusia (Pusi
- IM-2013-47927 “Vexillum' lautum @ | PuSia (Pusia)
L @—————— N-2013-10241 Vexillum?" patriarchale @ Orphanopusia n. gen.
o6/1 IM-2013-1747 "Vexillum" mbmm.
1t IM-2009-31184 Atlantilux exigua Atantilux
IM-2013-20368 "Vexilum" puella @
IM-2013-40632 "Vexillum" nodospiculum
bt IM-2013-40667 Austromitra sp.
96/14 IM-2013-40671 Austromitra vincta ;
7 | 1001 [ o013.40672 Austromiract, voiuera AUSTOMITE
IM-2013-40673 Austromitra scita

99!1@

Joah Vexillum

0.3

Figure 4. A, phylogenetic tree illustrating relationships between major Costellariidae clades inferred by Fedosov et al.
(2015) (collapsed) based on a Bayesian analysis of the three mitochondrial genes plus nuclear gene H3 (data set 4G).
Black circles mark the species that are traditionally assigned to Pusia. Branch support given as Bayesian posterior
probability (when >0.8)/maximum-likelihood bootstrap values (when >50). B, Costapex gen. nov. (C-Il) subtree with

the position of Costapex exbodi sp. nov. indicated with a star.
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which we here name Pusia (Vexillena) subgen. nov.
Because this clade shows moderate support, we fur-
ther suggest that these three lineages be ranked as
subgenera of Pusia: Pusia (Pusia), Pusia (Ebenomi-
tra), and Pusia (Vexillena).

Only one species of Protoelongata, Protoelongata
dekkersi, was included in the 4G analysis, and its
af nities to other lineages uni ed by the node 6
remained poorly resolved. Therefore we retain the
circumscription of the taxon as originally de ned,
but our results suggest ranking it as a full genus
rather than a subgenus of Vexillum.

Two Western Australian costellariids Vexillum
australe and Austromitra aff. cinnamomea form
another well-supported clade; albeit with unresolved
af nities, this clade is well supported in all our anal-
yses, and as there is no name available for it, we
establish the new genus Turriplicifer gen. nov. Fol-
lowing the same approach, the single-species lineage
formed by Vexillum patriarchale that has long been
allocated to Pusia is assigned to a genus of its own,
Orphanopusia gen. nov.

One of the unexpected results of our phylogenetic
analysis is the close af nity between Indo-Paci c
Thala species and the Caribbean Vexillum latercu-
latum, which we attribute to Nodicostellaria. Unfor-
tunately, as our analysis only barely includes
American costellariids, and most known Panamic
and Caribbean lineages remain essentially
untouched by the present study, we refrain from
any radical reassessment of their taxonomy besides
the transfer of Vexillum laterculatum to Nodi-
costellaria.

The 13 specimens analysed in clade C-I correspond
to ten species, and only three of them are named.
Two (IM-2007-34557 and IM-2013-40636) were iden-
ti ed as Vexillum isaoi (Kuroda & Sakurai, 1959),
the type species of Tosapusia Habe, 1964. Although
Tosapusia was subsequently (Turner, 200..) regarded
as a synonym of Vexillum, our phylogenetic analysis
demonstrates that Vexillum isaoi is only very dis-
tantly related to true Vexillum, and therefore the
name Tosapusia is here restored for clade C-1. Vexil-
lum duplex, also included in our clade C-I based on
the analysis of COI, was designated as the type spe-
cies of the recently described genus Tongsuapusia
Huang, 2015, which we thus treat it as a synonym of
Tosapusia. Of the seven new species recognized in
this clade, ve are described below. Because the
other two species were each represented by a single
specimen, we are not able to provide solid morpho-
logical delimitation criteria and refrain from formally
naming them for the time being.

We did not nd names applicable to the clades
C-I11 and C-II. Given their molecular and morpho-
logical (see below) distinctiveness, we describe them

as Alisimitra gen. nov. and Costapex gen. nov.,
respectively. Of the four species recognized in the
Alisimitra clade in the COIl analysis, only two are
named (see Fig. 2). A fth species, also undescribed,
is missing from our COIl data set; however, other
sequenced genetic markers clearly place it in Alisim-
itra gen. nov.

Based on the results of the COIl analysis, ve spe-
cies composed the Costapex clade and one more was
added based on other genetic markers and overall
shell morphology. Only one of the six recognized spe-
cies is named. Despite the group being rather well
represented in our molecular data set, the material
available was judged suf cient to constitute appro-
priate type series for just three new species. A fourth
species is described based solely on shell characters;
however, we feel con dent that it is congeneric with
the other species of Costapex gen. nov. characterized
with molecular data.

EVOLUTION OF MORPHOLOGY

The novel data on the morphology of newly estab-
lished costellariid taxa Tosapusia, Alisimitra gen.
nov., Costapex gen. nov., Turriplicifer gen. nov., and
Orphanopusia gen. nov. were supplemented by data
available in the literature for Austromitra (Ponder,
1972) and Vexillum (I~edosov & Kantor, 2010).

The reconstruction of the evolution of ve morpho-
logical characters throughout the evolutionary his-
tory of the Costellariidae is shown in Figure 5. An
operculum - although it may be reduced in size, and
at least in juveniles — is present in Ceratoxancus and
Latiromitra, Exilia, Exilioidea, Columbariidae, and
Volutomitridae. Judging from the reconstruction, the
loss of operculum takes place at node 1 of the phylo-
genetic tree, i.e. Costellariidae with the exclusion of
the Latiromitra—Ceratoxancus clade.

The seminal canal is represented by a groove,
which is open along its entire length in all non-cost-
ellariid groups of Clade A as described by Fedosov
et al. (2015; Volutomitridae, Columbariidae, Exilia,
and Exilioidea). In Costellariidae, the same morphol-
ogy of the seminal canal is found in Ceratoxancus,
Latiromitra, Tosapusia, and Alisimitra gen. nov.,
whereas in Costapex gen. nov. the seminal canal is
open only in its proximal part and is closed along the
penis length. All but one costellariid uni ed by node
5 have a closed seminal groove. The exception is Tur-
riplicifer australis (Swainson, 1820), which has an
open seminal canal before the penis.

All the lineages included in the analysis — with
the exception of Volutomitridae — share a radula
with three teeth in a row. Among these, all non-
costellariid lineages share a tricuspidate rachidian,
and so do the ve basal costellariid genera

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2017, 179, 541-626



SYSTEMATICS AND EVOLUTION OF COSTELLARIIDAE 561

2
2§ §3
23 R a
=t al3
c=20 N3 g5
Q o T w
sB8SEE8E o
SSSEEED
o 8 S S S-=2
5383338
S =
r-.o§>>>1'1:_|

I:IJ

—

Exilia krigei
L= Exilia hilgendorfi

“DExilia vagrans
Latiromitra crosnieri

[0

[ == { atiromitra barthelowi

o .
9 v Q.
2 - 8§ 28 2
£ s 2 o © : c 7}
[« 7] =Y L e L D Sa
SSa &2 © 388 S8 s 2 & §
SE® cfdcec £8%uc> & =S 32 B
E8c =2%2 £53FSEEZ .= 35 Begs
. L -3 mmmﬂﬁw:‘;"" O © %]
“62%-.639::-@- Eqb*ﬁg'gmgg%‘g §""‘:§ 22w
w o= o 8S2 EOoOOCIFo ~—-~DES Z o a8 = @
38535833, 5088°2¢888FS8325588%¢E38
S a9V 223530558288088R8S3883
S @G ¥ xS 8L QST O I I 5 B
S 8228 g 8RS SSWaAd S5 S EEEEEEEE
TS SREESS oSS oo noEERSSSSSSS
558822228883 8558282882855553383
== -_
OORKRIIOOKRZO0LRAAALAIIIISSSSSSS
Character: Operculum
Jpresem
[ reduced
W absent

Character: seminal groove
[ open along entire length

[ partly closed

Il closed

Rl

| Character: lachidian
[ tricuspidate
I 3 major + 2 minor cusps

[ multicuspidate, 5 cusps

[ multicuspidate, 7+ cusps
Il monocuspidata

9

8

Character: gland of Leiblein

[Jlarge, brown
reduced in size, brownish

[ reduced, white

PO

M vestigial

Character: Mid-oesophagus
[ weakly developed

[ well developed, widened
I forms whbular gL

Il muscular

Figure 5. Reconstruction of the ancestral character states for ve characters presented in Table 3. Topology derived
from the analysis of the 4G data set. Closely related out-group taxa demonstrating no unique morphology and conspeci-
¢ in—group specimens were removed. Unknown states of selected characters are shown in grey.
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Ceratoxancus, Latiromitra, Tosapusia, Alisimitra
gen. nov., and Costapex gen. nov. Among the more
derived Costellariidae, a tricuspidate rachidian is
found in Thala, Protoelongata, Pusia (Pusia), and
Pusia (Ebenomitra), as well as in the genus Turrip-
licifer. Two accessory cusps anking the central
major cusp are present in two unrelated groups,
Pusia (Vexillena) and Orphanopusia, and the
rachidian of Nodicostellaria laterculata (G.B.
Sowerby I, 1874) possesses ve equal cusps. All the
clades uni ed by node 7 in our tree have a rachid-
ian with seven or more cusps, which are usually
equal. Thus a multicuspidate rachidian (with more
than three equal cusps) originated at least twice in
the evolutionary history of the Costellariidae: in
Nodicostellaria and in Vexillum-Austromitra-Atlan-
tilux gen. nov. Moreover, some near-Vexillum spe-
cies have somewhat intermediate rachidian
morphology, with two accessory cusps anking the
central major cusp.

A large, brown, non-tubular (bulky), obviously
glandular gland of Leiblein, is present in columbari-
ids and in Exilia, as well as in costellariids, in Cera-
toxancus, Latiromitra, Tosapusia, Alisimitra gen.
nov., Costapex gen. nov., and Thala. A bulky gland of
Leiblein, reduced in size but functional (glandular,
judging from its histology; see below), is present in
Orphanopusia, Protoelongata, and Pusia (Vexillena),
as well as in Atlantilux rubra (Broderip, 1836). In the
Vexillum-Austromitra lineage, and Nodicostellaria
laterculata, Turriplicifer australis, and Pusia
(Ebenomitra) ebenus (Lamarck, 1811), it is further
reduced and presumably lacks a secretory function,
based on its light colour and altered histology (in
these species the non-tubular compartment of the
gland of Leiblein shows a well-developed layer of
muscular bres external to the remains of the glan-
dular tissue). Species of Vexillum s.s. have a strongly
reduced bulky gland of Leiblein that is obviously not
glandular and is situated at the distal end of the sec-
ondary tubular glandular structure. Thus costellari-
ids demonstrate a tendency to a progressive
reduction of the bulky gland of Leiblein; however, as
the delineation of states 1 and 2 in this character is
rather conventional (largely based on the colour of
the gland, which varies continuously), the reconstruc-
tion of its evolution lacks precision, and the ancestral
state is not de ned with certainty for nodes 5-8.

Finally, the situation with the glandular mid-oeso-
phagus is roughly the opposite to that demonstrated
by the bulky gland of Leiblein. It is weakly or mod-
erately developed in Exilia, Ceratoxancus, Latiromi-
tra, Tosapusia, Alisimitra gen. nov., and Costapex
gen. nov. The glandular compartment of the mid-
oesophagus becomes enlarged in the costellariid lin-
eages uni ed by node 5 of our tree, and in species of

Vexillum s.s. it strips off to form a secondary tubular
glandular structure, which retains contact with the
reduced bulky gland of Leiblein. Remarkably, two
species outside the Vexillum s.s. clade, Turriplicifer
australis and Orphanopusia patriarchalis, have
independently acquired a secondary tubular glandu-
lar structure.

SYSTEMATICS

CLASs GASTROPODA CUVIER, 1795
SuBcLASS CAENOGASTROPODA Cox, 1960
ORDER NEOGASTROPODA WENZ, 1938
SUPERFAMILY TURBINELLOIDEA RAFINESQUE, 1815
FAMILY COSTELLARIIDAE MAcDONALD, 1860

Diagnosis

Shell small to medium sized, fusiform, elongate-fusi-
form or turriform, usually with high spire and well-
developed siphonal canal. Suture distinct, impressed
or canaliculated. Sculpture dominated by axial ele-
ments from rounded, widely set folds to dense and
sharp ribs. Axials may be lacking or overridden by
spiral elements on the adult whorls, but they are
always well pronounced on earlier teleoconch whorls.
Aperture ranging from very narrow slit-shaped to
wide. Inner aperture lip usually with three or four
columellar folds, subequal or (in most cases) adapical
the strongest. Protoconch glossy, with no sculpture,
usually multispiral, narrowly conical, or rarely pau-
cispiral bulbous. Operculum absent (except in Cera-
toxancus and Latiromitra). Eyes always present.
Well-developed proboscis, valve of Leiblein, salivary
glands, and (usually) accessory salivary gland. Bulky
gland of Leiblein well developed or reduced, in latter
case secondary tubular secretory structure connected
to gland of Leiblein developed. Radula triserial with
tri- or multicuspidate rachidian tooth and simple
monocuspidate sickle-shaped laterals.

SUPRASPECIFIC TAXA OF RECENT COSTELLARIIDAE
(IN ALPHABETIC ORDER)

Genus Alisimitra gen. nov. Type species: Alisimitra
barazeri sp. nov. (OD herein). Composition: see below.

"The molecular phylogeny of Fedosov et al. (2015) recovered sev-
eral clades in Neogastropoda that are here given superfamily rank:
(1) a Muricidae clade; (2) a Mitridae-Pyramimitridae clade; (3) a
Cancellariidae + Volutidae clade; and (4) a clade ( Clade A) includ-
ing the families Costellariidae, Turbinellidae (Columbariinae),
Turbinellidae (Vasinae), Volutomitridae, and Ptychatractidae.
Although Turbinella was not included in the analysis, we are ten-
tatively using the name Turbinelloidea for the latter clade, because
this is the oldest family-group name available, but this requires
con rmation.
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Genus Atlantilux Huang, 2015. Type species:
Mitra exigua C.B. Adams, 1845 (OD). Composition:
see below.

Genus Austromitra Finlay, 1926. Type species:
Columbella rubiginosa Hutton, 1873 (OD). Composi-
tion: see below.

Genus Ceratoxancus Kuroda, 1952. Type species:
Ceratoxancus teramachii Kuroda, 1952 (M). Composi-
tion: Ceratoxancus basileus Kantor & Bouchet, 1997;
Ceratoxancus elongatus Sakurai, 1958; Ceratoxancus
leios Kantor & Bouchet, 1997; Ceratoxancus lorenzi
Poppe, Tagaro & Sarino, 2012; Ceratoxancus meli-
chrous Kantor & Bouchet, 1997; Ceratoxancus niveus
Kantor & Bouchet, 1997; Ceratoxancus teramachii
Kuroda, 1952.

Genus Costapex gen. nov. Type species: Costapex
sulcatus (OD herein). Composition: see below.

Genus Latiromitra, Locard, 1897 (= Okinawavo-
luta Noda, 1980; Cyomesus Quinn, 1981). Type spe-
cies: Latiromitra specialis Locard, 1897 (M) (= Mitra
cryptodon P. Fisher, 1883). Composition: Latiromitra
aratiuncula (Quinn, 1981); Latiromitra barthelowi
(Bartsch, 1942); Latiromitra cacozeliana Bouchet &
Kantor, 2000a,b; Latiromitra costata (Dall, 1890);
Latiromitra crosnieri Bouchet & Kantor, 2000a,b;
Latiromitra cryptodon (P. Fischer, 1883); Latiromitra
delicatula (Shikama, 1971); Latiromitra meekiana
(Dall, 1889); Latiromitra niveobabelis Garcia, 2015;
Latiromitra okinavensis (MacNeil, 1961); Latiromitra
paiciorum Bouchet & Kantor, 2000a,b; Latiromitra
styliola (Dall, 1927).

Genus Mitromica s.s. Berry, 1958. Type species:
Mitra solitaria C.B. Adams, 1852 (OD). Composition:
Mitra africana (Rolan & Fernandes, 1996); Mitra
calliagua Rosenberg & Salisbury, 2003; Mitra chris-
tamariae Salisbury & Schniebs, 2009; Mitra cosmani
Rosenberg & Salisbury, 2003; Mitra decaryi
(Dautzenberg, 1932); Mitra dicksoni Rosenberg &
Salisbury, 2003; Mitra esperanza Leal & Moore,
1993; Mitra foveata (G.B. Sowerby 11, 1874); Mitra
gallegoi Rolan, Fernandez-Garces & Lee, 2010.
M. gratiosa (Reeve, 1845); Mitra jeancateae (Sphon,
1969); Mitra omanensis Herrmann & Gori, 2012;
Mitra oryza Rosenberg & Salisbury, 2003; Mitra soli-
taria (C.B. Adams, 1852); Mitra williamsae Rosen-
berg & Salisbury, 2003.

Genus Nodicostellaria Petuch, 1987. Type spe-
cies: Costellaria kaicherae Petuch, 1979 (OD). Com-
position: Nodicostellaria crassa (Simone, 1995);
Nodicostellaria kaicherae (Petuch, 1979); Nodicostel-
laria kremerae Petuch, 1987; Nodicostellaria latercu-
lata (G.B. Sowerby 11, 1874).

Genus Orphanopusia gen. nov. Type species:
Voluta patriarchalis Gmelin, 1791 (OD herein). Com-
position: see below.

Genus Protoelongata Herrmann, Stossier & Sal-
isbury, 2014. Type species: Vexillum dekkersi Her-
rmann, Stossier & Salisbury, 2014 (OD). Composition:
Protoelongata bilineata (Reeve, 1845) comb. nov.; Pro-
toelongata corallina (Reeve, 1845) comb. nov.; Protoe-
longata dekkersi (Herrmann, Stossier & Salisbury,
2014) comb. nov.; Protoelongata heleneae (Herrmann,
Stossier & Salisbury, 2014) comb. nov.; Protoelongata
loyaltyensis (Hervier, 1897) comb. nov.; Protoelongata
rubrotaeniata (Herrmann, Stossier & Salisbury, 2014)
comb. nov.; Protoelongata xerampelina (Melvill, 1895)
comb. nov.

Genus Pusia Swainson, 1840.

Subgenus Pusia Swainson, 1840. Type species:
Mitra microzonias Lamarck, 1811 (M). Compo-
sition: see below.

Subgenus Ebenomitra  Monterosato, 1917
(= Pusiolina Cossmann, 1921). Type species:
Mitra ebenus Lamarck, 1811 (SD: Coan, 1966:
130). Composition: see below.

Subgenus Vexillena subgen. nov. Type species:
Vexillum balutense Herrmann, 2009 (OD
herein). Composition: see below.

Genus Suluspira nom. nov. (= Visaya Poppe, Guil-
lot de Suduiraut & Tagaro, 2006, a junior homonym
of Visaya Ahyong, 2004). Type species: Visaya rosen-
bergi Poppe, Guillot de Suduiraut & Tagaro, 2006
(OD). Composition: Suluspira rosenbergi (Poppe,
Guillot de Suduiraut & Tagaro, 2006) comb. nov.

Genus Thala H. Adams & A. Adams, 1853. Type
species: Mitra miri ca Reeve 1845 (SD: Cossmann,
1899: 176). Composition: Thala abelai Rosenberg &
Salisbury, 2014; Thala adamsi Rosenberg & Salis-
bury, 2003; Thala angiostoma Pease, 1868; Thala
aubryi Turner, Gori & Salisbury, 2007; Thala cernica
(G.B. Sowerby Il, 1874); Thala evelynae Rosenberg &
Salisbury, 2014; Thala exilis (Reeve, 1845); Thala
exquisita Garrett, 1872; Thala gloriae Rosenberg &
Salisbury, 2003; Thala gorii Rosenberg & Salisbury,
2003; Thala hilli Rosenberg & Salisbury, 2007;
Thala jaculanda (Gould, 1860); Thala kawabei Her-
rmann & Chino, 2015; Thala kilburni Rosenberg &
Salisbury, 2014; Thala lillicoi Rosenberg & Salis-
bury, 2007; Thala maldivensis Turner, Gori & Salis-
bury, 2007; Thala malvacea Jousseaume, 1898;
Thala manolae Turner, Gori & Salisbury, 2007;
Thala merrilli Rosenberg & Salisbury, 2014; Thala
milium (Reeve, 1845); Thala minagaorum Herrmann
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& Chino, 2015; Thala miri ca (Reeve, 1845); Thala
ogasawarana Pilsbry, 1904; Thala pallida Rosenberqg
& Salisbury, 2014; Thala pembaensis Herrmann &
Gori, 2012; Thala recurva (Reeve, 1845); Thala
roseata (A. Adams, 1855); Thala ruggeriae Rosenberg
& Salisbury, 2014; Thala secalina (Gould, 1860);
Thala simulans (Martens, 1880); Thala suduirauti
Rosenberg & Salisbury, 2014; Thala todilla (Mighels,
1845); Thala turneri Salisbury & Gori, 2013; Thala
violacea Garrett, 1872.

Genus Thaluta Rosenberg & Callomon, 2004.
Type species: Thala maxmarrowi Cernohorsky, 1980
(OD). Composition: Thaluta maxmarrowi (Cer-
nohorsky, 1980); Thaluta takenoko Rosenberg & Cal-
lomon, 2004.

Genus Tosapusia Habe, 1964 (= Tongsuapusia
Huang, 2015). Type species: Mitropifex isaoi Kuroda
& Sakurai, 1959 (M). Composition: see below.

Genus Turricostellaria Petuch, 1987. Type spe-
cies: Turricostellaria lindae Petuch, 1987 (OD). Com-
position:  Turricostellaria amphissa Simone &
Cunha, 2012; Turricostellaria apyrahi Simone &
Cunha, 2012; Turricostellaria jukyry Simone &
Cunha, 2012; Turricostellaria leonardhilli Petuch,
1987; Turricostellaria lindae Petuch, 1987; Turri-
costellaria ovir Simone & Cunha, 2012.

Genus Turriplicifer gen. nov. Type species: Mitra
australis Swainson, 1820 (OD herein). Composition:
see below.

Genus Vexillum Roding, 1798 (= Arenimitra
Iredale, 1929; Costellaria Swainson, 1840; Mitropifex
Iredale, 1929; Pulchritima lredale, 1929; Tiara Swain-
son, 1831; Turricula H. & A. Adams, 1853; Zierliana
Gray, 1847). Type species: Vexillum plicatum Roding,
1798 (= Voluta plicarium Linnaeus, 1758) (SD, Woodr-
ing, 1928: 244). Composition: all of the species of
Costellariidae not explicitly placed in the other genera.

Status doubtful
Idiochila Pilsbry, 1921. Type species: Mitra turben
(Reeve, 1845) (OD).

GENUS TosAPUSIA HaBE, 1964

Type species: Mitropifex isaoi Kuroda & Sakurai,
1959 (M). Habe did not declare Tosapusia a new
genus, but the name was made available by being
monotypic, with the combined description of the
genus and species. Tosapusia was declared new by
Azuma (1965: 56), with the same type species.
Synonym: Tongsuapusia Huang, 2015; syn. nov.
Type species: Vexillum duplex Cernohorsky, 1982:
992; pl. 1, gs 6, 7 (OD).

Diagnosis
Shell elongate fusiform, sometimes widely fusiform or
turriform, typically with high spire and long to very
long siphonal canal. Suture typically canaliculated or
impressed, often resulting in telescopic appearance of
spire. Whorls outline varying from subcylindric to at-
tened or evenly convex. Axial sculpture of straight ribs
strong and widely set to ne and closely set. Spiral
sculpture varying from ne grooves, restricted to
siphonal canal or pronounced in interspaces between
axials only, to strong cords overriding axial ribs to
form beads or strong gemmae at intersections. Aper-
ture elongate, its outer lip smooth or bearing ne lirae
on its inner surface. Inner lip with between three and
ve columellar folds, with the upmost fold being the
strongest. Shell coloration light, off-white, whitish, or
pale, often with darker spiral bands. Head-foot pale,
eye tentacles long, with eyes situated laterally at their
bases. Radula rachiglossate, with tricuspidate rachid-
ian of varying morphology and unicuspidate widely
sickle-shaped or triangular laterals. Jaw present in
some species, situated in buccal mass, thin, horse-
shoe-shaped. Gland of Leiblein glandular, very large,
brown. Males with open seminal groove.

Included species

Tosapusia isaoi (Kuroda & Sakurai, 1959),* Tosapu-
sia bismarckeana sp. nov.,> Tosapusia duplex Cer-
nohorsky, 1982, ! Tosapusia evelynae (Guillot de
Suduiraut, 2007),> tTosapusia kalimnanensis (Cer-
nohorsky, 1970),> Tosapusia kurodai (Sakura &
Habe, 1964),% Tosapusia longirostris sp. nov.,* Tosa-
pusia myurella sp. nov.,' Tosapusia sauternesensis
(Guillot de Suduiraut, 1997),%2 Tosapusia turriformis
sp. nov.,* Tosapusia vitiaz sp. nov.*

Distribution and habitat
Indo-Paci c, from Madagascar to Japan and French
Polynesia, in deep water (300-1000 m) on soft bottoms.

Remarks

Members of Tosapusia display high disparity in all
key elements of shell morphology - shell shape and
proportions, whorl pro le, sculpture pattern, and
shape of the suture - making it quite dif cult to
determine shared characters in order to establish the
identity of the genus. Conchologically, different Tosa-
pusia species may resemble members of other costel-
lariid genera rather than congeners. Tosapusia isaoi
and Tosapusia sauternesensis, with their high spire
and relatively short siphonal canal, resemble some
deep-water species of Vexillum, like Vexillum toku-
beii (Sakurai & Habe, 1964) or Vexillum scitulum (A.
Adams, 1853), but can be distinguished by the shape
of the axial ribs, which are always straight in Tosa-
pusia, but are arcuate and usually slightly

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2017, 179, 541-626



SYSTEMATICS AND EVOLUTION OF COSTELLARIIDAE 565

undulating in Vexillum. The tip of the siphonal canal
is distinctly notched in Vexillum, whereas Tosapusia
species have a relatively longer siphonal canal, never
notched at its tip, which easily distinguishes the two
genera.

Typical specimens of Tosapusia duplex, with their
weakly developed spiral sculpture, are super cially
close to species of Latiromitra; however, the notably
stronger columellar plicae and narrower aperture of
Tosapusia duplex readily differentiate it from
Latiromitra. The widely fusiform shell of Tosapusia
vitiaz sp. nov. is close in proportion to Ceratoxan-
cus, but can be distinguished by stronger columellar
folds and lack of operculum in Tosapusia vitiaz,
and by the distinctive labral tooth that is character-
istic of most Ceratoxancus species. For more details,
see the Remarks sections in the following species
entries.

TosAPUSIA 1sA0I (KURODA & SAKURAI, 1959)
FIGURE BA, B

Mitropifex isaoi Kuroda & Sakurai, in Kuroda, 1959:
324-326, g. 1.

Type data
Holotype: NSMN-H323, 50.0 mm, off Tosa, Kochi
prefecture, Shikoku, Japan, il in Higo, Callomon &

Goto (2001).
Paratypes: NSMT-Mo 76260, including one,
50.0 mm, illustrated by Hasegawa & Saito (1995).

Material examined

Papua New Guinea: PAPUA NIUGINI, station
CP3985, 05°09 S, 147°02 E, 805-865 m, 2 Iv (MNHN
IM-2013-40636, 43.4 mm, Fig. 6A; MNHN IM-2013-
19746, 30.0 mm); PAPUA NIUGINI, station CP4009,

Figure 6. Tosapusia species. A, B, Tosapusia isaoi: A, MNHN IM-2013-40636, BIOPAPUA, station CP3748, 05°37 S,
154°01 E, 398-399 m, 43.4 mm; B, MNHN IM-2007-34557, Philippines, off Eastern Luzon, AURORA 2007, station
CP2709, 15°12 N, 121°34 E, 244-296 m, 57.1 mm; C, Tosapusia sauternesensis: holotype of Vexillum sauternesense,
Philippines, Hilutangan Channel between Mactan and Olango Island, 160 m, 42.2 mm. D-F, Tosapusia bismarck-
eana sp. nov.: D, E, holotype, MNHN IM-2013-19695, Papua New Guinea, off Bagabag Island, PAPUA NIUGINI, sta-
tion CP3979, 04°44 S, 146°11 E, 540-580 m, 35.1 mm; F, paratype 3, radular voucher MNHN IM-2013-19695, Papua
New Guinea, off Bagabag Island, PAPUA NIUGINI, station CP3979, 04°44 S, 146°11 E, 540-580 m, 35.1 mm.
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06°04 S, 148°12 E, 550-575 m, 1 Iv (MNHN IM-2013-
19926, 41.9 mm).

Philippines Sea: AURORA 2007, CP2709, 15°12 N,
121°34 E, 244-296 m, 1 Iv (MNHN IM-2007-34557,
57.1 mm, Fig. 6B).

Diagnosis

Shell medium sized, attaining 57.1 mm, elongate fusi-
form (w/h 0.28-0.31; a/h 0.44), with stout, moderately
long, siphonal canal and high spire. Protoconch
unknown because of errosion. Suture distinctly
canaliculated, giving spire a stepped, telescopic
appearance. Teleoconch whorls slightly convex, sub-
cylindric in pro le, sometimes with indistinct shoul-
der. Sculpture of dense and low, rounded, axial ribs,
intersected by feeble spiral cords. Aperture elongate,
with outer lip drawn towards tip of siphonal canal.
Inner lip with four strong columellar folds. Shell col-
our tan, with lighter spiral bands on last adult whorl.

Anatomy

External morphology (Fig. 7A): Body pale yellowish,
lacking pigmentation, operculum absent. Siphon
simple, moderately long, notably protruding beyond
the edge of mantle. Mantle cavity rather long,
spanning around one whorl; mantle thin with
mantle cavity organs clearly visible. Head bearing
rather long eye tentacles with small distinct eyes
situated at their bases. Ctenidium very long,
narrow, spanning throughout the posterior two-
thirds of the mantle cavity. Osphradium large,
exceeding half of ctenidium length. Anal gland
present, indistinctly seen through the mantle as a
narrow dark strip.

Anterior alimentary canal: Proboscis white, in
contracted state occupying about two-thirds of
rhynchocoel length. Anterior rhynchodaeum thick,
pigmented violet. Paired retractors attached
ventrolaterally to anterior rhynchodaeum (Fig. 7B).
Buccal tube very thin walled, strongly convoluted,
connecting mouth with buccal mass. Buccal mass
very long, occupying basal two-thirds of proboscis,
with odontophore notably retracted backwards inside
radular diverticulum (Fig. 7C). Posterior to buccal
mass, oesophagus forming broad loop followed by
distinct bulbous valve of Leiblein. Salivary glands
large, white, bulky, fused together without visible
boundary. Salivary ducts adjoining the oesophagus
loop anterior to valve of Leiblein. Accessory salivary
glands (not shown in gure) distinct, translucent,
situated ventrally, anterior to circum-oesophageal
nerve ring. Mid-oesophagus just posterior to circum-
oesophageal nerve ring, widened to form a glandular
compartment. Posterior oesophagus adjoined by very
large brown bulky gland of Leiblein that covers
oesophagus dorsally.

Radula: MNHN IM-2013-40636 (Fig. 7D) and MNHN
IM-2007-34557 (Fig. 7E), about 1.2 mm long and
0.23 mm wide, consisting of about 65 rows. Rachidian
tricuspidate with relatively wide base (about one-third
of radular width) and short blunt cusps, situated on
short and at projection of the rachidian medial
portion. Laterals unicuspidate, triangular, massive in
appearance, with drawn pointed cusp.

Male reproductive system: Male with long penis,
slightly attened on the sides (Fig. 7A), without
distinct papilla. Open seminal groove running along
the inner edge of penis throughout its length, from
base to tip.

Distribution and habitat

Japan, Philippines, Papua New Guinea (Bismarck
Sea and Solomon Sea), Western Australia (off Port
Hedland) (present material;, M. Marrow pers. com-
mun.); depth range 296-805 m.

Remarks
Tosapusia isaoi is characterized by a strongly
canaliculated suture combined with only slightly con-
vex teleoconch whorls that give the spire a distinc-
tive telescopic outline, and a comparatively faint
axial sculpture, distinguishing it from congeners.
Our specimens show some variation in shell mor-
phology: the specimen from the Philippines (by far the
largest) has notably coarser sculpture, slightly more
convex whorls, and liration inside the outer lip. This
may represent geographical variation or be attributed
to gerontic condition. Molecular data con rm its con-
speci city with specimens from Papua New Guinea.

TOSAPUSIA SAUTERNESENSIS
(GuiLLOT DE SUDUIRAUT, 1997) comB. NOV.

FIGURE 6C
Vexillum (Costellaria) sauternesense Guillot de
Suduiraut, 1997: 117, 118; gs 3, 4.
Type data
Holotype: MNHN IM-2000-30178, Philippines,

Hilutangan channel between Mactan and Olango
Island, 160 m, 42.2 mm.

Paratype: Collection Sandro Gori (formerly in
collection Guillot de Suduiraut), same locality as
holotype, 43.7 mm.

Material examined
Holotype.

Diagnosis

Shell medium sized, attaining 42.2 mm, elongate
fusiform, with nine or ten slightly convex teleoconch
whorls, high spire with straight spire outline and
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AF I.D'Dumllljlllllll G ioouml_t L & 1 | 411 11

Figure 7. Tosapusia morphology. A-E, Tosapusia isaoi: A, general morphology of the body with mantle removed; B, ante-
rior alimentary channel; C, dissected proboscis; D, MNHN IM-2013-40636 radula; E, MNHN IM-2007-34557 radula. F, G,
radulae of Tosapusia species: F, Tosapusia bismarckeana sp. nov., holotype; G, Tosapusia vitiaz sp. nov., holotype.
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distinctly canaliculated suture. Protoconch unknown
because of errosion. Penultimate whorl with 25 or 26
axial ribs, and last adult whorl with 30 or 31 strong
axial ribs, intersected by, respectively, seven or eight
and 13 or 14 spiral grooves, resulting in a slightly
beaded appearance. Columella with four or ve
strong folds weakening towards moderately long,
slightly curved siphonal canal. Columellar folds
extended outside of aperture to form strong spiral
cords with wide interspaces on the siphonal canal.
Aperture elongate with crenulated outer lip. Shell
colour white with a brown to orange band at abapical
half of spire whorls and at periphery of last adult
whorl, and a second faded band of same colour above
siphonal fasciole; aperture cream white, periostracum
transparent.

Distribution and habitat

Known from the Philippines: Bohol and the Mactan-
Olango channel, at a depth of 160 m, on sand and
coral rubble.

Remarks

Tosapusia sauternesensis has several distinguishing
characters, allowing its easy recognition. Among
them the presence of a distinct, although narrow,
subsutural shelf, wide and strong axial ribs with
deep, rather narrow, interspaces, and very widely set
spiral cords on the abapical portion of the shell base.

TOSAPUSIA BISMARCKEANA SP. NOV.
FEDOSOV, HERRMANN & BOUCHET
FIGURE 6D-F

Tongsuapusia duplex, Huang, 2015: pl. 1, g. 2.

Type data

Holotype: Papua New Guinea, Bismarck Sea, off
Bagabag Island, PAPUA NIUGINI, station CP3979,
04°44 S, 146°11 E, 540-580 m, Iv (MNHN IM-2013-
19695, 35.1 mm; Fig. 6D, E).

Paratypes: PAPUA NIUGINI, station CP4008,
06°04 S, 148°10 E, 500-555 m, lv (paratype 1, MNHN
IM-2013-19915, 35.2 mm); Papua New Guinea, South-
East point of Manus Island, BIOPAPUA, station
CP3672, 04°04 S, 151°50 E, 702-724 m, Iv (paratype
2, MNHN IM-2000-30201, 25.9 mm); Papua New
Guinea, North of Rabaul, BIOPAPUA, station
CP3691, 02°11S, 147°18 E, 499-517 m, Iv (paratype
3, MNHN IM-2000-30202, 25.9 mm; Fig. 6F).

Other material examined

Solomon Islands: Guadalcanal, Salomonboa-3,
station CP2772, 09°25S, 160°31E, 456-551 m, 1
(MNHN IM-2007-36135, 23.2 mm); Salomon-2, station
CP2194, 08°25 S, 159°27 E, 440-521 m, 1 (29.9 mm).

Diagnosis

Shell thin walled, medium sized, elongate fusiform,
with high spire and long tapering siphonal canal.
Early teleoconch whorls cylindrical, later whorls
slightly convex with whorl periphery shifted abapi-
cally, having slightly compressed outline. Axial
sculpture of numerous, distinctly opisthocline, ne
axial ribs. Spiral sculpture of regular ne grooves,
better seen in interspaces between axials, second
uppermost groove widened, overriding axial ele-
ments. Siphonal canal straight, long, tapering, aper-
ture elongate, opening of siphonal canal very wide
and shallow. Inner aperture lip with three widely
interspaced columellar folds, with the adapicalmost
fold being strongest. Protoconch light brown, with
two or more smooth whorls. Shell whitish, retaining
pale background colour in interspaces between axial
ribs on late spire whorls.

Description

Shell medium sized, fusiform (w/h 0.26; a/h 0.45-
0.46), with high slender spire and elongate aperture.
Protoconch light brown, with two or more smooth
glossy whorls with clear-cut protoconch/teleoconch
transition. Teleoconch of ten and one-quarter whorls,
suture distinct, impressed. Early spire whorls cylin-
drical, with very distinct subsutural shelf, strongly
angulated. Later teleoconch whorls with slightly con-
vex outline and less notable subsutural shelf. Axial
sculpture of strong but rather narrow and closely set
axial ribs, with rather deep intervals, 25 on last adult
whorl. Axials distinctly opisthocline on spire whorls
and only slightly prosocline on last adult whorl, inter-
sected by a deep groove just below the suture, their
adapical portions forming indistinct caps well pro-
nounced on early spire whorls. Adapical area of last
adult whorl with two grooves, caps rather indistinct.
Below adapical groove spiral sculpture represented
by ne, stroke-like, grooves in interspaces between
strong axial ribs, seven or eight on penultimate
whorl, 15 on last adult whorl, giving way towards
siphonal canal to low, rounded, spiral cords, more
oblique at the tip of canal. Siphonal canal long and
straight. Aperture elongate (AL/SL), narrow, not
clearly delineated from siphonal canal. Outer apertu-
ral lip gently convex at its adapical part and nearly
straight below; inside of outer lip without lirae. Four
columellar folds, adapical one strongest, and with
succeeding folds gradually reducing in size, with
third one rather weak and fourth one indistinct.
Shell whitish, retaining pale background colour in
interspaces between axial ribs on late spire whorls.
Radula (of holotype; Fig. 7F): Radula ~1 mm long
and 0.23 mm wide, with more than 45 rows.
Tricuspidate rachidian with relatively wide base
(about one-third of radular width) and short blunt
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cusps of equal size, set on robust medial projection.
Laterals unicuspidate, triangular to widely sickle-
shaped, with drawn cusp, sometimes bearing
irregular minor cusps on inner edge.

Distribution and habitat

Papua New Guinea (Bismarck Sea and Solomon
Sea), Solomon Islands, East China Sea (Huang,
2015), alive in depths of 517-702 m.

Etymology
The species name refers to the Bismarck Sea as the
type locality.

Remarks

In shell morphology, Tosapusia bismarckeana sp.
nov. most resembles Tosapusia duplex; however, it
can be distinguished from it by being narrower, with
more numerous axial ribs, which are distinctly
opisthocline (about orthocline in Tosapusia duplex).
Overall the axial sculpture of numerous rounded
opisthocline ribs differentiates Tosapusia bismarck-
eana sp. nov. from other species of Tosapusia.

TOSAPUSIA KURODAI (SAKURAI & HABE, 1964)
COMB. NOV.
FiGurRe 8A-D

Mitropifex kurodai Sakurai & Habe, 1964: 29-30,
31-32; pl. 2, g.6.

Type data

Possible holotype: NMST-Mo 52861, 25.5 mm, off
Ashizuri-Misaki, Kochi prefecture, Shikoku, about
200 m deep (Fig. 8A, B).

Paratypes: NMST-Mo 39797, one specimen, 31.9 mm
(Fig. 8C); NMST-Mo-70269, four specimens, same
locality as holotype.

Material examined

Papua New Guinea: BIOPAPUA, station DW3748,
05°37S, 154°01E, 398-399m, 1 dd (25.7 mm,
Fig. 8D); station DW3782, 04°15 S, 152°40 E, 600 m, 1
dd (16.1 mm). Philippines: PANGLAO 2005, station
CP2343, 9°27N, 123°49E, 273-356m, 1 dd
(27.9 mm). New Caledonia: EXBODI, station CP3822,
21°52 S, 166°51 E, 341-506 m, 1 dd (22.8 mm).

Diagnosis

Shell medium sized, attaining 31.2 mm; broad, fusi-
form shell with eight or nine nearly cylindrical teleo-
coch whorls and straight spire outline. Protoconch
unknown because of errosion. Distinct suture with
broad subsutural ramp resulting in a stepped
appearance. Penultimate and last adult whorl with
20-25 strong axial ribs, vanishing in the lower part
of shell base. Fine spiral cords on top of the ribs, not
bisecting the ribs, becoming stronger on shell base.
Columella with four strong folds. Short, wide, nearly
straight to slightly curved siphonal canal, aperture
wide. Shell colour yellowish with one white central

Figure 8. Tosapusia species. A-D, Tosapusia kurodai: A, B, holotype of Mitropifex kurodai, NMST-Mo 52861, 25.5 mm,
Japan, Shikoku, Kochi prefecture, off Ashizuri-Misaki, depth ~200 m; C, paratype, NMST-Mo 39797, 31.2 mm, from type
locality; D, BIOPAPUA, station DW3748, 05°37 S, 154°01 E, 398-399 m, 25.7 mm. E, F, Tosapusia vitiaz sp. nov.,
holotype, MNHN 1M-2013-40624, Papua New Guinea, Vitiaz Strait, BIOPAPUA, station DW3719, 06°03 S, 147°36 E,

410 m, 34.3 mm.
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band on the spire whorls and three white bands on
the last adult whorl.

Distribution and habitat
Southern Japan, the Philippines, Papua New Gui-
nea, New Caledonia, depth range 356-600 m.

Remarks

The validity of Tosapusia kurodai has been repeat-
edly in doubt. Cernohorsky (1970), Hasegawa &
Saito (1995), and Higo, Callomon & Goto (1999) syn-
onymized it with Vexillum sculptile (Reeve, 1845),
and Tsuchiya (2000: 561; pl. 279, g¢. 31) treated it
as a synonym of Vexillum rubellum (A. Adams &
Reeve, 1850). We examined the two syntypes of
Mitra rubella in NHMUK. The smaller one, appar-
ently a juvenile, indeed shows an extreme resem-
blance to the holotype of Tosapusia kurodai; the only
difference is a distinct notch at the tip of the sipho-
nal canal, which is present in both syntypes of Vexil-
lum rubella, but is absent in our specimens of
Tosapusia kurodai. With its higher spire and slightly
undulating ribs on the last adult whorl, the larger
syntype of Vexillum rubella is nearly identical to
specimens of Vexillum scitulum. In our analysis the
latter was placed in Vexillum and we therefore allo-
cate Vexillum rubella to Vexillum s.s. as well. We
believe that Vexillum sculptile is also a Vexillum s.s.
The examined syntype of Vexillum sculptile has a
notched siphonal canal, distinctly arcuate axial ribs
on spire whorls and undulating ribs on last adult
whorl; these character states are shared by many
Vexillum spcies, but not by Tosapusia kurodai or
other Tosapusia species. We thus treat Tosapusia
kurodai as a valid species of Tosapusia.

Tosapusia kurodai differs from most species of
Tosapusia in shell proportions: it is characterized
by a broadly fusiform shell with rather tall last
adult whorl and low spire. Tosapusia vitiaz sp.
nov. resembles Tosapusia kurodai in both shell
proportions and sculpture pattern; however, Tosa-
pusia kurodai differs from Tosapusia vitiaz sp.
nov. by its much stronger and less numerous axial
ribs and rather adpressed whorl pro le (Tosapusia
vitiaz sp. nov. is characterized by gently rounded
whorls).

TOSAPUSIA VITIAZ SP. NOV.
FEDOSOV, HERRMANN & BOUCHET

Ficure 8E, F
Type data
Holotype: Papua New Guinea, Vitiaz Strait,
BIOPAPUA, station DW3719, 06°03S, 147°36E,

410 m, 1 Iv (MNHN IM-2013-40624, 34.3 mm).

Diagnosis

Shell medium sized, widely fusiform, stout, with tall
last adult whorl and aperture, and rather low spire.
Protoconch unknown because of errosion. Teleoconch
whorls evenly convex, whorl periphery shifted abapi-
cally. Spire outline slightly telescopic because of
canaliculated suture. Sculpture of numerous, thin
axial ribs and lower, but about equally wide, spiral
cords, well pronounced in interspaces between ribs.
Siphonal canal moderately long, stout. Aperture
wide, outer lip evenly convex throughout its length.
Inner surface of outer lip with irregular lirae. Five
columellar folds, adapicalmost very strong, subse-
quent folds becoming weaker towards siphonal canal.
Shell pale with indistinct darker spiral bands, sipho-
nal canal and apex white.

Description

Shell medium sized, widely fusiform, stout, with tall
last adult whorl and rather low spire (w/h 0.4, a/h
0.58, and law/h 0.68). Protoconch missing. Teleo-
conch of between nine and nine and a half slightly
convex whorls. Suture strongly impressed, forming
deep groove, giving spire whorls a distinctly stepped
outline. Sculpture cancellate, with dense axial ribs
(38 on last adult whorl, where ribs are slightly proso-
cline) and almost equally wide and dense, although
lower spiral cords pronounced on late whorls. Adapi-
cal third of spire whorl with no distinct spiral cords,
succeeding portion with three or four cords on late
spire whorls, and about 15 on last adult whorl. Spi-
ral cords evenly spaced with rather shallow quadrate
interstices of equal width.

Outline of last adult whorl evenly convex with
gradual transition to moderately long, stout siphonal
canal. Aperture elongate, outer lip evenly convex,
inside with irregular lirae. Five distinct columellar
folds, adapicalmost three folds strongest, with
slightly attened pro le, and fourth and fth folds
weaker and rounded. Adapical angle of aperture with
weak convex callous pad.

Background colour pale with orange spiral bands
just below suture, on whorl periphery, and wider
band on shell base, early spire whorls and siphonal
canal pale.

Radula (Fig. 7G): Radula rachiglossate, about
1.4 mm long and 0.25 mm wide, consisting of about
71 rows. Rachidian tricuspidate with rather wide
base (about 40% of radula width), medial projection
not pronounced, cusps strong, rather short, pointed,
central cusp slightly shorter than lateral cusps,
which are directed slightly sideways. Lateral teeth
unicuspidate, sickle-shaped, with long cusp slightly
bent inwards near the tip.

Morphology of the body: The holotype is a male,
exhibiting a penis with an open seminal groove
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similar to that in Ceratoxancus. The animal does not
have an operculum.

Distribution and habitat
Known only from Vitiaz Strait, North Papua New
Guinea, at a depth of 410 m.

Etymology

The species name comes from the name of the type
locality (Vitiaz Strait, between New Britain and the
Huon Peninsula on the north coast of New Guinea),
itself so named by Nicholai Mikluho-Maklai after the
Russian corvette Vitiaz that brought him to Astro-
labe Bay in September 1871. Used as a noun in
apposition.

Remarks

The unusually high aperture and last adult whorl
easily distinguish Tosapusia vitiaz sp. nov. from all
other congeners. In overall shell morphology and in
particular in sculpture, Tosapusia vitiaz sp. nov. most
resembles Tosapusia kurodai, but differs in shell pro-
portions, having a comparably even higher last whorl
and aperture. The sculpture in Tosapusia vitiaz sp.
nov. is notably ner than that in Tosapusia kurodai,
and the latter has a narrower subsutural band, a more
elongate siphonal canal, and less convex outer lip.
Tosapusia vitiaz sp. nov. resembles some species of
Ceratoxancus, like Ceratoxancus teramachii Kuroda,
1952, (Fig. 26A) or Ceratoxancus elongatus Sakurai,
1958; however, Ceratoxancus teramachii and Ceratox-
ancus elongatus have an even broader shell, with very
low spire, and tall aperture, in addition to the charac-
teristic labral tooth. Ceratoxancus melichrous Kantor
& Bouchet, 1997 (Fig. 26E) has distinctly prosocline
axial ribs and a de ected siphonal canal.

Some species of Pusia (Vexillena) subgen. nov. —
for example, its type species Pusia balutensis Her-
rmann, 2009 - have broadly fusiform shells with
high last adult whorl, and super cially resemble
Tosapusia vitiaz sp. nov. This subgenus has weaker
spiral sculpture, however, and specimens commonly
have a variegated colour pattern and a closed semi-
nal groove.

TOSAPUSIA EVELYNAE
(GuiLLoT DE SubuirauT, 2007) COMB. NOV.
FIGURE 9A-E

Vexillum (Costellaria) evelynae Guillot de Suduiraut,
2007: 96-97; pl. 3, gs 1-3.
Vexillum sp.: Fedosov & Kantor, 2010.

Type data
Holotype: MNHN IM-2000-20641, Philippines, Bohol,
Off Balicasag Island, 300-340 m (Fig. 8A), 31.7 mm.

Paratypes: Collection Sandro Gori (ex. collection
Guillot de Suduiraut), from type locality, 39.2 mm;
collection Conchology Inc., from type locality, 30.1 mm.

Material examined
Typical form (Figs 9A-C).
Philippines: AURORA 2007, station CP2762,
15°52 N, 121°51 E, 66 m, 1 Iv (MNHN IM-2007-34552,
28.5 mm); PANGLAO 2005, station CP2393, 9°30 N,
123°42 E, 356-396 m, 1 Iv (MNHN IM-2007-32145,
27.4 mm).
Vanuatu: Boa 1, station CP2430, 15°03 S, 166°54 E,
377-492 m, 1 Iv (MNHN IM-2007-30345, 28.3 mm);
station CP2462, 16°38 S, 167°57E, 618-641 m, 3 Iv
(MNHN IM-2007-30217, 38.7 mm; 42.6 mm, 34.2 mm);
SANTO 2006, station AT70, 15°41S, 167°00 E, 517-
614 m, 1 lv (MNHN IM-2007-30110, 29.0 mm).
New Caledonia: EXBODI, station CP3826, 21°52 S,
166°51E, 354-509 m, 2 dd (20.4 mm, Fig. 7B;
17.55 mm).
Madagascar: MIRIKY, station CP3289, 14°29S,
47°26 E, 332-379 m, 2 Iv (MNHN IM-2007-36671,
30.8 mm; MNHN IM-2007-36747, 25.4 mm).

Madagascar form 1 [= Vexillum sp. of Fedosov &
Kantor (2010)] (Fig. 9D)
Madagascar: MIRIKY, station CP3250, 15°22S,
46°00 E, 493-750 m, 2 (27.5 mm, 26.9 mm); station
CP3283, 14°52 S, 46°56 E, 228-257 m (MNHN M-
2013-40669, 28.1 mm).

Madagascar form 2 (Fig. 9E).
Madagascar: MIRIKY, station CP3283, 14°52S,
46°56 E, 228-257m, 2 (MNHN [IM-2013-40670,
18.8 mm; 19.3 mm).

Diagnosis
Shell slender, medium sized, elongate fusiform (w/h
0.25-0.27; a/h 0.44-0.46) with high spire and long to
very long siphonal canal. Protoconch bulbous, with
one and a half white and glossy whorls. Suture
canaliculated, teleoconch whorls evenly convex to
indistinctly shouldered, subcylindrical. Sculpture of
ne, slightly opisthocline axial ribs, overridden by
rounded spiral cords to form spirally elongate beads
in intersections. Axial ribs closely set to widely inter-
spaced. Siphonal canal usually very long, tapering,
widely opened and shallow. Aperture elongate,
nearly parallel sided. Outer lip thin, evenly convex
in its adapical portion, drawn towards siphonal
canal. Inner surface of outer lip lirate. Columella
with three ne, widely spaced, columellar folds,
weakening towards siphonal canal. Background col-
our white, last adult whorl with three spiral tan
bands, one adapical, second on the adapical portion
of shell base, and third on siphonal canal, penulti-
mate whorl with one adapical tan band, early spire
whorls off white.
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Radula (MNHN IM-2007-36671; Fig. 10A): Radula bow-shaped base reaching half of total radular
rachiglossate, about 1 mm long and 0.18 mm wide, length, bearing three strong pointed cusps; central
consisting of 60+ rows. Rachidian with very wide cusp slightly weaker than lateral cusps, separated
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Figure 9. Tosapusia species. A-E, Tosapusia evelynae: A, holotype of Vexillum evelynae, MNHN IM-2000-20641, Philip-
pines, Bohol, off Balicasag Island, 31.7 mm; B, New Caledonia, EXBODI, station CP3826, 21°52 S, 166°51 E, 354-509 m,
20.4 mm; C, Madagascar, Molecular vouchers MNHN IM-2007-36671, MIRIKY station CP3289, 14°29 S, 47°26 E, 332-
379 m, 30.8 mm; D, Form 1, Madagascar, MIRIKY, station CP3283, 14°52 S, 46°56 E, 228-257 m, 28.1 mm; E, Form
2, Madagascar, MIRIKY, station CP3283, 14°52 S, 46°56 E, 228-257 m, 19.3 mm. F-K, Tosapusia longirostris sp.
nov.: F, G, holotype, MNHN IM-2000-30203, Solomon Islands, North of Guadalcanal, Salomon 1, station CP1800,
9°21 S, 160°24 E, 357-359 m, 25.6 mm; H, paratype 1, MNHN IM-2000-30204, same locality as previous, 25.0 mm; I,
Philippines, East of Luzon Island, AURORA 2007, station CP2708, 15°08 N, 121°37 E, 307-309 m, 22.3 mm; K, MNHN
IM-2007-34550, Philippines, East of Luzon Island, AURORA 2007, station CP2707, 15°04 N, 121°41 E, 368-442 m,

17.2 mm.

from them by shallow depressions. Lateral teeth
elongate-triangular, with robust base and long
strong cusp.

Distribution and habitat

Widely distributed in the tropical Indo-Paci c, from
Madagascar to the Philippines, New Caledonia, and
Vanuatu, depth range 66-618 m.

Remarks

In shell sculpture and coloir pattern, Tosapusia
evelynae is closest to Tosapusia longirostris sp.
nov. The two species can be distinguished by the
outline of the shell base: it is elongate, gradually
extending towards the siphonal canal in Tosapusia
evelynae, but rather shortly constricted in Tosapu-
sia longirostris sp. nov. Moreover, Tosapusia
longirostris sp. nov. is stouter, with a lower spire,
and has a coarser sculpture with gemmate spiral
cords.

As we interpret it, Tosapusia evelynae displays a
wide morphologic variability and encompasses sev-
eral forms that differ in details of sculpture and
whorl pro le; however, all forms share the same gen-
eral outline and sculpture pattern of straight,
slightly opisthocline axial ribs, overridden by spiral
cords and a colour pattern of light-brown spiral
bands, and intermediates connect the extreme mor-
photypes, at least in the West Paci c. The typical
form is characterized by subcylindrical, indistinctly
shouldered, whorls. The interspaces between axial
ribs deep and only slightly exceed axials in width;
spiral cords are interspaced by equally wide gaps.
The specimens of Tosapusia evelynae from New Cale-
donia are characterized by wide and attened spiral
cords, separated by spiral grooves (Fig. 9B). The
whorl pro le in these specimens is more evenly con-
vex than in typical form.

The pattern of variation is more complex in North-
West Madagascar, where the typical form (Fig. 9C)
is encountered along with two local morphotypes
(Fig. 9D, E), and with two different morphs occasion-
ally co-occuring at one station (forms 1 and 2 at
MIRIKY, station CP3283). Form 1 is characterized
by stronger and more widely spaced axial ribs,

whereas the spiral cords are wide, attened, and sep-
arated by narrow grooves (Fig. 9D). The second local
morphotype (form 2) is characterized by a smaller
shell with a delicate sculpture of ne dense axial ribs
and multiple rounded spiral cords (Fig. 9E). Barcode
sequences were obtained for all three forms (typical
form and forms 1 and 2) from Madagascar, and
these show only slight variation (see Results of the
phylogenetic analysis), consistent with their con-
speci city; however, as no specimen of Tosapusia
evelynae from the type locality in the Philippines
was sequenced, we assign the specimens from off
Madagascar to Tosapusia evelynae based solely on
shell morphology. It is noteworthy, that the proto-
conch, observed intact in a single specimen of form 2
from Madagascar, suggests a non-planctotrophic
development of Tosapusia evelynae, which questions
the suggested wide distribution range of the species.

TOSAPUSIA LONGIROSTRIS SP. NOV. FEDOSOV,
HERRMANN & BOUCHET
FIGURE 9F-K

Type data

Holotype: MNHN  IM-2000-30203, Iv, Solomon
Islands, North of Guadalcanal, Salomon 1, station
CP1800, 9°21S, 160°24E, 357-359 m, 25.6 mm
(Fig. 9F, G).

Paratypes: Same locality as holotype; paratypes 1-5,
MNHN  IM-2000-30204, Iv [25.9 mm, 25.0 mm
(Fig. 9H), 24.6, 20.3 and 17.5 mm]; paratype 6,
collection Manfred Herrmann, lv, 24.5 mm.

Other material examined

Philippines, East of Luzon Island: AURORA 2007
station CP2656 16°02 N, 121°54 E, 262-278 m, 1 Iv
(MNHN 1M-2007-34553, 28.2 mm); station CP2658,
15°58 N, 121°49 E, 422-431 m, four (MNHN IM-2007-
34564, lv, 17.6, 17.7, 15.0, and 14.9 mm); station
CP2672, 14°58 N, 121°41 E, 276-346 m, ve (20.85,
20.8, 17.5, 20.3, and 25.9 mm); station CP2708,
15°08 N, 121°37 E, 307-309 m, 2 lv (22.3 mm, Fig. 9I;
17.75 mm); station CP2707, 15°04 N, 121°41 E, 368-
442 m, 1 Iv (NHN IM-2007-34550, 17.2 mm, Fig. 9K).
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Figure 10. Tosapusia radulae: A, Tosapusia evelynae, MNHN IM-2007-36671; B, Tosapusia longirostris sp. nov.,
holotype; C, D, Tosapusia duplex; C, MNHN [1M-2013-44577; D, BIOPAPUA, station CP3741, 29.2 mm; E, Tosapusia
myurella sp. nov., paratype 1; F, Tosapusia turriformis sp. nov., holotype.

Diagnosis

Shell small, stout, fusiform, heavily sculptured, with
very long siphonal canal. Protoconch conical, with
~2.7 light gently convex, glossy whorls. Teleoconch
whorls convex to almost subcylindrical, with well-
developed, though narrow, subsutural shelf. Sculp-
ture consisting of axial ribs overridden by wide, at-
tened, spiral cords separated by deep grooves,

together forming spiral rows of axially aligned gem-
mules. Shell base shortly constricted to very long,
sometimes recurved, siphonal canal. Aperture nar-
row, elongate, almost parallel-sided. Inner surface of
outer lip lirate. Columella with four strong, widely
spaced folds, adapicalmost the strongest. Last adult
whorl with pattern of white and light-brown spiral
bands, earlier spire whorls pale.
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Description
Shell small, fusiform, with very long siphonal canal
(w/h 0.33-0.35; a/h 0.51-0.52) and pointed apex
(although almost always corroded). Protoconch coni-
cal, of ~2.7 pale to orange gently convex, glossy whorls.
Teleoconch of about nine whorls, suture distinct,
slightly impressed. Spire whorls of nearly cylindrical
pro le, with distinct, though narrow, subsutural shelf
and almost at main portion of whorl. Axial sculpture
of dense, closely set, axial ribs, about 28 on last adult
whorl, and ne growth lines in interspaces between
axials. Axial ribs overridden by wide and rounded spi-
ral cords forming beads at intersection with axials.
Early spire whorls with three, penultimate whorl with
ve, and last adult whorl with 12 spiral cords, sepa-
rated at transition to siphonal canal by a slightly
widened interspace from eight additional, low,
rounded, spiral cords, rather oblique towards the tip
of canal. Siphonal canal robust and very long,
recurved. Aperture narrow, strongly elongate as it
extends into wide siphonal canal. Outer lip slightly
convex at mid-height and straight abapically, inside of
outer lip with ten distinct lirae. Columella with four
distinct, rather widely spaced, columellar folds, adapi-
calmost strongest; two adapical folds bearing shallow
spiral groove on their crest, giving them a somewhat
bi d pro le. Background shell colour cream, last adult
whorl with three distinct brown bands, one in subsu-
tural area, second just below periphery, and third at
base of siphonal canal. Early spire whorls and tip of
siphonal canal white. Protoconch light translucent.
Radula (of holotype; Fig. 10B): Radula rachiglossate,
~0.9 mm long and 0.17 mm wide, consisting of about
72 rows. Rachidian with very wide bow shaped base,
exceeding 40% of total radula width, tricuspidate,
medial projection not pronounced, cusps equally
pronounced, strong, pointed, rather short. Lateral
teeth triangular, with robust base and strong, curved
cusp.

Distribution and habitat
Solomon Islands, Philippines,
422 m.

depth range 278-

Etymology

The species name refers to the long, drawn siphonal
canal, which distinguishes Tosapusia longirostris
from other species of Tosapusia.

Remarks

Our specimens display slight variations in the orien-
tation of the siphonal canal, sculpture, and shell col-
our. The holotype has a distinctly recurved siphonal
canal, whereas in the larger paratype the canal is
coaxial. The juvenile paratype lacks coloration and
seems to have more widely spaced axial ribs (19 on

last adult whorl), which do not form beads at inter-
section with spiral cords; however, as this specimen
is strongly damaged by boring Hydractinia cnidari-
ans, which entirely covered the shell, we are inclined
to attribute the observed differences to individual
variation and the destructive activity of commensal
Hydractinia.

Tosapusia evelynae most resembles Tosapusia lon-
girostris sp. nov. The two occur sympatrically in deep
water on the Paci c side of Luzon, and can be read-
ily distinguished by shell proportions and sculpture.
Tosapusia longirostris sp. nov. has a stouter shell
with coarser sculpture and more cylindrical whorl
pro le, whereas Tosapusia evelynae is more slender,
with evenly convex spire whorls and more delicate
sculpture.

TosAPUSIA DUPLEX (CERNOHORSKY, 1982)
COMB. NOV.
Ficure 11A-E

Mitra simplicissima Schepman, 1911: 270; pl. 18, gs
11a, b (junior homonym of Mitra simplicissima
Cooper, 1894);

Mitra simplicissima var. glabra Schepman, 1911:
270; pl. 18, g. 11c (junior homonym of Mitra glabra
Swainson, 1821, and Mitra glabra Pease, 1868);
Vexillum (Costellaria) duplex Cernohorsky, 1982a:
992; pl. 1, gs 6,7. nom. nov. pro Mitra simplicissima
Schepman, 1911;

Vexillum pratasense T.C. Lan, 2004: 5-9, gs 1, 2.
Tongsuapusia duplex, Huang, 2015: 45;
?tBenthovoluta ovalatita Hu & Li, 1991. (Synonymy
after Huang, 2015: 45).

Type data

Holotype by monotypy (type of Mitra simplicissima
Schepman, 1911): ZMA.MOLL.137842 (RMNH),
21.6 9 6.3 mm, channel between Makjan and
Halmahera (Indonesia), 472 m (Fig. 11A). Holotype of
Mitra simplicissima var. glabra Schepman, 1911:
ZMA.MOLL. 136808 (RMNH), 16.4 9 5.5 mm, Ceram
Sea (Indonesia), 835 m (Fig. 11B).

Material examined

South China Sea: NANHAI, station CP4118,
20°01 N, 115°02 E, 700-723 m, 2 Iv (MNHN IM-2013-
44575, 30.7 mm; MNHN [IM-2013-44577, 33.1 mm;
Fig. 11C).

Solomon Islands: SALOMON 2, station CP2213,
7°39 S, 157°43 E, 495-650 m, four (MNHN IM-2007-
30218, Iv 21.7, 20.9, and 17.3 mm; MNHN IM-2007-
30344, Iv 21.7 mm); station CP2214, 7°42 S, 157°44 E,
550-682 m, ve (MNHN IM-2007-30220, Iv 25.4,
21.35, 19.6, 19.25, and 16.35 mm); station CP2276,
8°42 S, 157°38 E, 814-980 m, 1 Iv (MNHN IM-2007-
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30343, broken). SALOMONBOA 3, station CP2768,
09°25 S, 160°31 E, 447-503 m, 1 Iv (MNHN IM-2007-
35927, 27.4 mm, Fig. 11D); station CP2772, 09°25 S,
160°31E, 456-551m, 2 dd (MNHN, 28.8 mm,
23.6 mm); station CP2773, 09°25S, 160°32 E, 537-
619m, 1 Iv (MNHN IM-2007-36139, 22.65 mm);

station CP2777, 09°12S, 160°55 E, 706-722 m, 1 Iv
(MNHN 1M-2007-36256, 30.3 mm); station CP2833
10°42 S, 162°19 E, 565-585 m, 1 Iv (MNHN IM-2007-
35987, 23.15 mm); station CP2850, 9°37 S, 160°47 E,
502-621 m, 1 Iv (MNHN IM-2007-35969, 26.6 mm);
station CP2857, 9°44 S, 160°49 E, 473-505 m, 1 Iv
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Figure 11. Tosapusia species. A-E, Tosapusia duplex: A, Mitra simplicissima, holotype, ZMA.MOLL.137842 (RMNH),
channel between Makjan and Halmahera (Indonesia), 472 m, 21.6 9 6.3 mm; B, Mitra simplicissima var. glabra Schep-
man, 1911, holotype, ZMA.MOLL.136808 (RMNH), Ceram Sea (Indonesia), 835 m, 16.4 9 5.5 mm; C, Taiwan, MNHN
IM-2013-44575, NANHAI, station CP4118, 20°01 N, 115°02 E, 700-723 m, 30.7 mm; D, Solomon Islands, MNHN IM-
2007-35927, SALOMONBOA 3, station CP2768, 09°25 S, 160°31 E, 447-503 m, 27.4 mm; E, elongate form, Papua New
Guinea, BIOPAPUA, station CP3741, 09°14 S, 152°18 E, 694-766 m, 29.2 mm; F, Tosapusia sp. nov. aff. duplex (not
described in the present paper), Solomon Islands MNHN IM-2007-35967, SALOMONBOA 3, station CP2850, 9°37 S,
160°47 E, 502-621 m, 27.25 mm. G-I, Tosapusia myurella sp. nov.: G, H, holotype, MNHN [M-2000-30205, Papua
New Guinea, Woodlark Island, BIOPAPUA, station CP3741, 09°14 S, 152°18 E, 694-766 m, 29.15 mm; |, paratype 1,
MNHN IM-2007-30347, Solomon Islands, south-east Isabel Island, SALOMON 2, station CP2189, 8°20 S, 160°02 E, 660—
854 m. K, L, Tosapusia turriformis sp. nov. holotype, MNHN IM-2013-19792, Papua New Guinea, Bismark Sea,
North of Long Island, PAPUA NIUGINI, station CP3985, 05°09 S, 147°02 E, 805-865 m, 27.15 mm.

(MNHN IM-2007-35924, 28.05 mm); station CP2858,
9°40 S, 160°45 E, 650-725 m, 1 Iv (MNHN IM-2007-
35876, 20.8 mm).

Papua New Guinea: BIOPAPUA, station CP3672,
04°04 S, 151°50E, 702-724 m, 1 dd (MNHN,
31.2 mm); station CP3741, 09°14 S, 152°18 E, 694-
766 m, 1 dd (MNHN, 29.2 mm; Fig. 11E). PAPUA
NIUGINI, station CP3981, 05°11 S, 147°03 E, 688 m,
1 Iv (MNHN IM-2013-19727, 23.5 mm).

Diagnosis

Shell small, fusiform to turriform, with tall spire and
elongate aperture (w/h 0.24-0.30; a/h 0.39-0.45). Pro-
toconch pointed, very high, with three or more
adpressed whorls (almost always broken or eroded).
Teleoconch  whorls evenly convex to slightly
adpressed in outline, sculptured with very strong,
widely set, orthocline ribs, in their adapical third
intersected by one or two faint spiral grooves suc-
ceeded by a weak rounded cord. Spiral sculpture
usually absent on the periphery of the last adult
whorl, but regular grooves present on shell base and
siphonal canal. Siphonal canal moderately long,
tapering, widely and shallowly open. Aperture elon-
gate, its inner lip with three strong, widely set, obli-
que, columellar folds. Shell colour off-white, often
with remains of brown periostracum. Apex usually
strongly corroded.

Radula (MNHN IM-2013-44577, Fig. 10C;
BIOPAPUA, station CP3741, 29.2 mm, Fig. 10D):
Radula rachiglossate, about 1 mm long and 0.25 mm
wide, consisting of 45+ rows. Rachidian rather
narrow but base robust and strong, cusps short and
blunt (in the specimen from Taiwan, the central cusp
was bifurcated at its tip — a feature we consider to be
individual), medial projection not pronounced.
Lateral teeth unicuspidate, widely sickle-shaped,
robust in appearance.

Distribution and habitat

Indonesia, South China Sea, Papua New Guinea,
Solomon Islands. Soft bottoms, depth range 503-
814 m.

Remarks

Our material displays considerable variation in shell
proportions and details of shell sculpture. The speci-
mens collected in the South China Sea are morpho-
logically very close to the typical form, as well as to
the holotype of Vexillum pratasense, as illustrated by
Lan (2004). Their shells are wide, fusiform, with spi-
ral sculpture limited to the adapical portion of the
whorls and to the siphonal canal (Fig. 11C).

Specimens from the Solomon Sea here assigned to
Tongsuapusia duplex vary in proportions from wide
and fusiform — similar to those from the South China
Sea (Fig. 11D) - to usually more slender, with a taller
spire and more widely set axial ribs (Fig. 11E). Exami-
nation of 25+ specimens from the Solomon Sea shows
that shell proportions, strength of axial ribs, and
extent of spiral sculpture vary continuously, and are
not strictly correlated: wide fusiform specimens may
have ne ribs and well-pronounced spiral sculpture
(Fig. 11D), and elongate turriform specimens may
have strong, widely spaced axials with very weak spi-
ral elements (Fig. 11E). We are inclined, therefore, to
consider all these forms to represent a single variable
species.

Nevertheless, one of the sequenced specimens
(Salomonboa-3, station CP2850, 9°37 S, 160°47 E,
502-621 m, MNHN IM-2007-35967; Fig. 11F), ini-
tially identi ed as Tongsuapusia duplex, in fact
turned out to be not conspeci ¢ with a typical Tong-
suapusia duplex (represented by specimen MNHN
IM-2013-44577), and even not closely related to it.
We refrain from describing a new species based on
this specimen, as the lack of clear diagnostic morpho-
logical characters would inevitably hamper its recog-
nition. Obviously more molecular data are needed for
accurate species delimitation in the Tongsuapusia
duplex species complex.

Among Tosapusia species, typical Tongsuapusia
duplex is most similar to Tongsuapusia bismarckeana
sp. nov., Tongsuapusia myurella sp. nov., and Tong-
suapusia turriformis sp. nov.; however, it can be read-
ily distinguished from all of them by the shell
proportions (even taking into account the observed
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intraspeci c variation in Tongsuapusia duplex), shape
of the last adult whorl and sculpture details. Tongsua-
pusia bismarckeana sp. nov. has a longer siphonal
canal and ner and narrower opisthocline ribs than in
Tongsuapusia duplex. By contrast, Tongsuapusia
myurella sp. nov. and Tongsuapusia turriformis sp.
nov. have turriform shells with a higher spire and at-
tened whorls pro le; the shell base in both of these
species is notably shorter than in Tongsuapusia
duplex, so the last adult whorl is constricted to the
siphonal canal and looks somewhat in ated. Finally,
shell proportions, a strong axial sculpture, and weakly
developed spiral elements in Tongsuapusia duplex
resemble the genus Latiromitra; however, unlike Tos-
apusia, species of Latiromitra have very weak col-
umellar folds and possess an operculum, even though
it is often reduced.

TOSAPUSIA MYURELLA SP. NOV. FEDOSOV,
HERRMANN & BOUCHET
Ficure 11G-I

Type data

Holotype: MNHN IM-2000-30205, Iv, Papua New
Guinea, Woodlark Islands, BIOPAPUA, station CP3741,
09°14 S, 152°18 E, 694-766 m, 29.15 mm (Fig. 11G, H).
Paratypes: Paratype 1, MNHN [M-2007-30347, lv,
Solomon Islands, SE Isabel Island, SALOMON 2,
station CP2189, 8°20S, 160°02E, 660-854 m
(Fig. 111). Paratype 2, MNHN I1M-2013-18540, dd,
PAPUA NIUGINI, station CP4038, 04°27 S, 145°34 E,
800-840 m, 33.6 mm.

Diagnosis

Shell medium-sized, turriform with high, slightly
acuminate spire and wide last adult whorl, shortly
constricted to moderately long tapering siphonal canal.
Protoconch unknown because of erosion. Early spire
whorls shouldered, subcylindrical, subsequent whorls
with attened outline, gradually widening abapically.
Sculpture of evenly spaced, rounded, slightly opistho-
cline ribs, with regular, short, stroke-like grooves in
interspaces between axials. Axial ribs forming low, but
distinct cap (see below) in their adapical third. On last
adult whorl axial ribs becoming obsolete on shell base,
which is shortly constricted to the slender and
straight, widely open, siphonal canal. Aperture rather
wide, with thin outer lip drawn towards tip of siphonal
canal. Adapical aperture angle with callous pad, inner
lip with four columellar folds, gradually weakening
towards siphonal canal. Shell off-white.

Description
Shell medium sized, thin walled, turriform, with tall,
slightly acuminate spire and wide, slightly in ated,

last adult whorl (w/h 0.35; a/h 0.41; law/h 0.56). Pro-
toconch always eroded, but with light-brown
remains. Teleoconch of 9.5 whorls. Early spire whorl
subcilindrical to slightly convex, with distinct subsu-
tural shelf, giving them a stepped pro le. Subse-
quent whorls with attened outline, suture distinct,
impressed. Last adult whorl with strongly convex
base, shortly constricted to long and slender siphonal
canal. Sculpture of arcuate, slightly prosocline, axial
folds (19 on last adult whorl; 18 on penultimate
whorl) and ne growth lines. Spiral sculpture of
evenly spaced, interrupted spiral grooves, sharp in
the interspaces between axial folds but obsolete on
their crests. Adapical quarter of spire whorls devoid
of spiral sculpture, forming indistinct cap (we use
this term to refer to a sculpture element, formed by
spiral groove intersecting axial ribs near the suture
to form a row of subsutural beads rounded adapi-
cally and straight cut basally), separated by rather
wide and shallow groove from the peripheral portion
of the whorl that bears six stroke-like grooves
between axial folds. Periphery of last adult whorl
strongly convex with ne elements of sculpture pol-
ished off. Shell base with no axial elements, only
sculptured by continuous grooves, very ne below
whorl periphery and widening towards siphonal
canal.

Siphonal canal moderately long, straight, and slen-
der, sculptured by rounded oblique cords. Aperture
elongate, slightly constricted at transition to sipho-
nal canal. Outer lip convex at mid-height, drawn api-
cally towards tip of siphonal canal. Inner lip with
four distinct folds, of which the adapicalmost fold is
strongest. Adapical angle of aperture with distinct
callous pad.

Shell off-white.

Radula  (of paratype 1; Fig. 10E): Radula
rachiglossate, about 1 mm long and 0.17 mm wide,
consisting of about 52 rows. Rachidian with wide bow-
shaped base, attaining 45% of total radula length,
bearing three equally pronounced pointed cusps,
which are widely set apart. Two lateral cusps slightly
elevated, whereas central cusp seems to be situated in
wide depression between them. Medial projection not
developed. Lateral teeth robust, triangular, with wide
base and pointed cusp, curved at its tip.

Distribution and habitat
Papua New Guinea (Solomon Sea), Solomon Islands,
depth range 766-800 m.

Etymology

The species name re ects the resemblance in shell
sculpture between this new species of Tosapusia and
members of the terebrid genus Myurella, for example
Myurella undulata (Gray, 1834).
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Remarks
Tosapusia myurella sp. nov. is conchologically closest
to Tosapusia turriformis sp. nov. and Tosapusia
duplex; however, it can be easily differentiated from
the former by narrower and more numerous axial
ribs, and the presence of spiral grooves throughout
the entire height of the whorl, and from the latter by
the shell outline with relatively attened whorl pro-
le, strongly convex last adult whorl, and wider
aperture. In general, shell proportions and character-
istic sculpture pattern with adapical cap allow for
an easy recognition of this species among its con-
geners.

TOSAPUSIA TURRIFORMIS SP. NOV. FEDOsoOvV,
HERRMANN & BOUCHET
Ficure 11K, L

Type data

Holotype: MNHN 1M-2013-19792, lv, Papua New
Guinea, Bismark Sea, North of Long Island, PAPUA
NIUGINI, station CP3985, 05°09 S, 147°02 E, 805-
865 m, 27.15 mm (Fig. 11K, L).

Diagnosis

Shell turriform, with very high spire and strongly
convex last adult whorl, constricted to rather short
and widely opened siphonal canal. Protoconch with
smooth, light-brown last whorl. Suture distinct,
canaliculated; teleoconch whorls slightly convex in
abapical portion, with attened overall outline.
Sculpture of very wide and rather low, widely
spaced, axial ribs, and ne growth lines; spiral sculp-
ture absent. Last adult whorl strongly convex, shell
base forming distinct waist at its transition to
siphonal canal, which is rather short, slightly
recurved, and thickened at its base because of devel-
oped fasciole. Aperture elongate, its outer lip thin,
evenly convex, slightly drawn towards wide opening
of siphonal canal. Inner aperture lip with three ne
oblique folds, with the adapicalmost fold strongest.
Shell off-white.

Description

Shell medium-sized, narrowly turriform (w/h 0.29; a/
h 0.39; law/h 0.52). Protoconch pointed, light brown,
with smooth, convex last whorl. Teleoconch of 11
whorls, suture wavy, distinctly canaliculated on
early spire whorls, and deeply impressed on later
whorls. Early spire whorls subcylindrical, later
whorls attened adapically, with convex periphery
shifted abapically. Sculpture of strong and very wide
opisthocline axial folds (11 on last adult whorl),
becoming indistinct on latest portion of last adult
whorl. Spiral sculpture of one or two very weak

threads on whorls 6-8 and indistinct on subsequent
whorls. Microsculpture of numerous, ne, collabral
growth lines. Last adult whorl evenly convex, sepa-
rated from siphonal canal by slightly concave waist.
Siphonal canal rather short and stout, widely
opened, with weakly developed fasciole, sculptured
by wide oblique cords.

Aperture rather wide, its outer lip thin, evenly
convex adapically and drawn towards siphonal canal
in its lower portion. Inner aperture lip with three
oblique columellar folds, adpicalmost being strongest,
and consequent ones progressively fainter.

Shell off-white.

Radula (of holotype; Fig. 10F): Radula rachiglossate,
about 0.75 mm long and 0.16 mm wide, of about 52
rows. Rachidians with moredately wide base bearing
three elevated, long, and pointed cusps, separated by
notable depressions. Anterior edge of rachidian
forming distinct blade-like angulation, medial
projection not pronounced. Laterals unicuspidate,
sickle-shaped, with long pointed cusp.

Distribution and habitat
North of Long Island, Bismark Sea, Papua New Gui-
nea, 805-865 m.

Etymology
The species name refers to the distinctly turriform
shell.

Remarks
In overall shell morphology, the fossil Tosapusia
kalimnanensis is undoubtedly closest to Tosapusia
turriformis sp. nov. Both have a turriform shell with
rather short siphonal canal; however, Tosapusia tur-
riformis sp. nov. can be distinguished by the wider
axial elements and the whorl periphery shifted
abapically. Among recent species, Tosapusia myur-
ella sp. nov. is most similar to Tosapusia turriformis
sp. nov. in shell proportions; however, the two spe-
cies differ notably in shell sculpture. Overall, a turri-
form shell in combination with very wide axial
elements and completely lacking spiral sculpture
allow an easy recognition of Tosapusia turriformis
sp. nov. among other recent species of Tosapusia.
The turriform shell of Tosapusia turriformis
resembles some species of Alisimitra gen. nov., like
Alisimitra samadiae sp. nov. or Alisimitra fuscolin-
eata (Herrmann & Salisbury, 2012), but the former
has much stronger axial elements and a more elon-
gate shell, with longer siphonal canal, and Alisimitra
fuscolineata has a wider shell with denser axials,
intersected by faint grooves that are lacking in Tosa-
pusia turriformis sp. nov. Finally, the strong col-
umellar folds and lack of periostracum differentiate
the new species from species of Latiromitra, of which
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Latiromitra paiciorum Bouchet & Kantor, 2000a,b is
most similar to Tosapusia turriformis
Sp. nov.

GENUS ALISIMITRA GEN. NOV. FEDOSOV,
HERRMANN & BOUCHET

Type species: Alisimitra barazeri sp. nov.

Diagnosis
Shell rather small, under 30 mm in length, fusiform
or turriform, with high, sometimes slightly acumi-
nate spire. Protoconch high, conical with four or
more evenly convex, brown, glossy, whorls. Early
spire whorls subcylindrical, later weakly convex or
attened. Sculpture of straight, widely spaced, usu-
ally orthocline axial ribs; spiral sculpture usually
limited to a single or very rarely two or three spiral
cords situated at adapical one-quarter to one-third of
whorl height, overriding axials, and sometimes form-
ing adapical cap, and few strong, rounded, oblique
cords on siphonal canal. Siphonal canal usually mod-
erately long, tapering. Aperture elongate with thin
outer lip lacking lirae on its inside. Columella with
three strong folds, adapicalmost strongest, and sub-
sequent ones gradually weakening. Shell off-white,
pale or bearing one or several light-brown spiral
bands. Radula rachiglossate with tricuspidate rachid-
ian and unicuspidate sickle-shaped laterals; the
anterior margin of rachidians base elevated, with
sharp blade-like edges. Buccal mass encloses soft
horseshoe-shaped jaw. Medium-sized accessory sali-
vary gland present; gland of Leiblein glandular,
large, brown. Seminal groove open.

Included species

Alisimitra barazeri sp. nov.,* Alisimitra deforgesi sp.
nov.,* Alisimitra fuscolineata (Herrmann & Salisbury,
2012) comb. nov.,' Alisimitra samadiae sp. nov.,*
Alisimitra tehuaorum (Huang, 2015) comb. nov.*

Distribution and habitat

Alisimitra is distributed in the Indo-Paci ¢ from Tai-
wan to New Caledonia and French Polynesia, with
the highest species diversity recorded in Papua New
Guinea. The multispiral protoconch suggests a long
planktonic dispersal phase that correlates with the
broad distribution of several species, e.g. Alisimitra
tehuaorum, which extends from Taiwan to New Cale-
donia and French Polynesia, and Alisimitra barazeri
sp. nov., which extends from Papua New Guinea to
French Polynesia.

Etymology
The genus is named in honour of the IRD research
vessel Alis, which served to conduct numerous

biodiversity surveys in the South Paci c¢. For many
new species of marine molluscs the deck of Alis was
the rst station in their journey from ocean depths
to museum research collections.

Remarks

The relatively small, thin-walled, lightly coloured,
and sculptured shells of Alisimitra gen. nov., with
their tall spire and orthocline ribs, can in most cases
be easily recognized; however, some species deviate
from this general outline in sculpture (Alisimitra
deforgesi sp. nov.) or proportions (Alisimitra sama-
diae sp. nov.). Conchologically similar forms are
found in Pusia (Vexillena) subgen. nov.; however,
they display complex, variegated colour patterns,
have a lower spire, and an outer aperture lip that is
characteristically lirate within (whereas it is smooth
in all studied species of Alisimitra gen. nov.). The
same feature distinguishes Alisimitra gen. nov. from
some deep-water species of Vexillum, like Vexillum
leforti Turner & Salisbury, 1999, Vexillum fuscovir-
gatum Herrmann & Salisbury, 2012; or Vexillum
troendlei Herrmann & Salisbury, 2012. Besides, spe-
cies of Alisimitra gen. nov. have ner axial ribs that
are always orthocline, and a wider aperture with
longer siphonal canal that is not notched at its tip.
Species of Alisimitra gen. nov. can also be distin-
guished from Tosapusia by their generally smaller
shells with only one or two spiral cords, and shorter,
tapering siphonal canal. Finally, some species of the
ptychatractid genus Latiromitra resemble Alisimitra
gen. nov.; however, Alisimitra gen. nov. has very dis-
tinct columellar folds, which are rather faint in
Latiromitra.

ALISIMITRA BARAZERI SP. NOV. FEDOSOV,
HERRMANN & BOUCHET
Ficures 12A-C anD 13A

Type data

Holotype: MNHN IM-2013-40664, Papua New Guinea,
Vitiaz Strait, BIOPAPUA, station CP3724, 05°59 S,
147°39 E, 860-880 m, lv, 14.4 mm (Fig. 12A, B).

Other material examined

Society  Islands: TARASOC, station DW3434,
16°42 S, 151°03W, 700-785 m, Huahine, 1 Iv
(MNHN IM-2007-38639, Fig. 12C); station DW3452,
16°51 S, 151°19 W, 600-705 m, Raiatea, 1 Iv (MNHN
IM-2007-39400).

Diagnosis

Shell small, thin-walled, turriform, with high spire
and truncated base. Protoconch cyrtoconoid, brown,
with four or more convex glossy whorls. Early spire
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whorls indistinctly shouldered, later teleoconch
whorls with attened outline. Sculpture of strong,
widely set orthocline axial ribs intersected by single
adapical spiral cord of even strength where it
crosses the ribs and between them. Last adult whorl
with strongly convex base, shortly constricted to
widely open, tapering siphonal canal. Aperture
rather wide, outer lip thin, evenly convex, lacking
lirae on its inside. Inner lip with three narrow
columellar folds, adapicalmost strongest. Shell
off-white.

Description
Shell small, thin walled, turriform, with high spire
shortly constricted to short tapering siphonal canal
(w/h 0.38-0.39; a/h 0.43-0.45), which gives it a trun-
cated appearance. Protoconch conical, with more
than four convex polished whorls, with very ne
arcuate growth lines on last one-third of whorl. Pro-
toconch/teleoconch transition distinct. Teleoconch of
seven adpressed whorls, their periphery shifted
abapically. Suture wavy, impressed. Shell sculptured
with strong, widely spaced, orthocline axial ribs (13
on last adult whorl), overridden by one distinct,
rounded, spiral cord in adapical quarter, equally
well pronounced on early and late teleoconch
whorls; other elements of spiral sculpture absent.
Microsculpture of very faint growth lines. Last adult
whorl shortly constricted to siphonal canal, shell
base strongly convex, almost globose. Siphonal canal
short, widely opened, tapering, bearing three very
wide, rounded spiral cords aligned with the columel-
lar folds. Aperture ovate, shortly constricted towards
opening of siphonal canal, rather low. Outer lip thin,
strongly convex, slightly drawn at siphonal canal
opening, lacking lirae. Inner lip with three distinct
but rather thin columellar folds, adapicalmost stron-
gest.

Shell uniformly cream.
Radula (of holotype; Fig. 13A): Radula attaining
0.6 mm in length and about 0.1 mm in width,
formed by 51+ rows. Rachidian tricuspidate, with
rather long pointed cusps and robust, moderately
wide base. Anterior margins of rachidians base
forming sharp blade-like edges laterally. Laterals
monocuspidate, sickle-shaped.

Distribution and habitat
Papua New Guinea (Solomon Sea), French Polynesia
(Society Islands), depth range 705-860 m.

Etymology

The species is named after Jean-Francois (Jeff)
Barazer, long-time second captain, then captain, of
R.V. Alis, and a companion on many research
cruises.

Remarks

Alisimitra barazeri sp. nov. is closest to Alisimitra
tehuaorum in shell morphology, but differs from the
latter species in shell outline and details of axial
sculpture (for details, see Remarks section of Alisimi-
tra tehuaorum). Alisimitra barazeri sp. nov. differs
from both Alisimitra deforgesi sp. nov. and Alisimitra
fuscolineata in the presence of only one spiral cord in
adapical part of whorls, and uniform pale coloration
of the shell. The broad shell of Alisimitra barazeri sp.
nov., with its strongly convex base, differs drastically
from the elongate Alisimitra samadiae sp. nov., pre-
venting any confusion between the two.

ALISIMITRA DEFORGESI SP. NOV. FEDOSOV,
HERRMANN & BOUCHET
Ficure 12D-F

Type data

Holotype: MNHN  IM-2007-32137, Coral  Sea,

Chester eld plateau, EBISCO, station DW2606,
19°37S, 158°42E, 442-443m, lv, 145 mm
(Fig. 12H, 1).

Paratype: MNHN  IM-2007-38256, TERRASSES,
station CP3063, 23°23S, 168°00 E, 430-480 m, Iv
(Fig. 12K).

Other material examined

Papua New Guinea: BIOPAPUA, station DW3687,
03°04 S, 147°32 E, 305-579 m, south of Manus Island,
1 dd (12.3 mm); station CP3707, 04°59 S, 145°50 E,
460-466 m, off Madang, 2 dd (15.75 mm, 15.7 mm);
station DW3734, 08°16S, 150°30E, 389 m, off
Lancasay, 1 dd (12.4 mm); station CP3740, 09°12 S,
152°16 E, 556-645 m, off Woodlark Island, 1 Iv
(MNHN IM-2013-9728, 15.8 mm); Papua Niugigi,
station CP3984, 05°12 S, 146°59 E, 500 m, north-west
of Long Island, 1 Iv (13.8 mm); station DW4010,
06°02 S, 148°08 E, 400-440 m, south-east of Tuam
Island, 1 Iv (MNHN IM-2013-9655, 12.2 mm).
Solomon Islands: Salomon 3, station CP2837,
10°26 S, 161°22 E, 381-422 m, West of San Cristobal,
1 dd (15.6 mm).

New Caledonia: EXBODI, station DW3906, 19°50 S,
165°33 E, 490-580 m, north-west of Astrolabe Reef, 1
dd (12.7 mm); station DW3930, 18°37 S, 164°26 E,
448-464 m, Petrie Reef, 1 dd (12.3 mm).

Diagnosis

Shell small, elongate-fusiform, with high orthoconoid
spire and strong, tapering siphonal canal. Protoconch
cyrtoconoid, brown, with four or more convex, glossy
whorls. Spire whorls with attened outline, sculp-
tured by strong, orthocline axial ribs, forming char-
acteristic adapical cap. Spiral sculpture of regular
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Figure 12. Alisimitra gen. nov. species. A-C, Alisimitra barazeri sp. nov.: A, B, holotype, MNHN IM-2013-40664,
Papua New Guinea, Vitiaz Strait, BIOPAPUA, station CP3724, 05°59 S, 147°39 E, 860-880 m, 14.4 mm; C, MNHN IM-
2007-38639, Society Islands, TARASOC, station DW3434, 16°42 S, 151°03 W, 700-785 m. D-F, Alisimitra deforgesi
sp. nov.: D, E, holotype, MNHN IM-2007-32137, Coral Sea, Chester eld plateau, EBISCO, station DW2606, 19°37 S,
158°42 E, 442-443 m, 14.5 mm; F, paratype 1, MNHN IM-2007-38256, TERRASSES, station CP3063, 23°23 S, 168°00 E,
430-480 m. G-N, Alisimitra tehuaorum: G, MNHN [M-2013-44099, Taiwan, NANHAI, station CP4100, 15°05 N,
116°32 E, 534-552 m, 20.7 mm; H, I, MNHN IM-2013-44146, Taiwan, NANHAI station, CP4102, 15°03 N, 116°31E,
339-533 m, 18.0 mm; K, MNHN IM-2013-19796, Papua New Guinea, North-West of Long Island, PAPUA NIUGINI, sta-
tion DW3983, 05°12 S, 146°59 E, 470-508 m, 22.7 mm; L, MNHN IM-2013-40663, New Caledonia, Loyalty ridge, TER-
RASSES, station DW3036, 22°41 S, 168°58 E, 800 m, 15.5 mm; M, New Caledonia, Norfolk ridge, Norfolk 2, station
DW2081, 25°54 S, 168°22 E, 500-505 m, 23.7 mm; N, Society Islands, TARASOC, station CP3458, 16°46 S, 151°23 W,

573-611 m.

stroke-like grooves, well pronounced in interspaces
between axial ribs. Shell base strongly convex,
rather short, siphonal canal moderately long, with
very wide opening, sculptured by several strong obli-
que cords. Aperture elongate, outer lip smooth
inside, with attened adapical part; inner lip with
four narrow, oblique columellar folds. Shell off-white,
with contrasted pattern of ne orange to light-brown
spiral bands on late teleoconch whorls, spire whorls
with two bands, one adapical and one on periphery,
just above suture, last adult whorl with third spiral
band on shell base.

Description

Shell small, elongate-fusiform (w/h 0.35; a/h 0.46),
with rather high conical spire and long, tapering
siphonal canal. Protoconch conical, with 4.5-4.7 very
slightly convex whorls, devoid of any sculpture. Pl
and PIlI not distinguished, protoconch/teleoconch
transition distinct. Teleoconch of 7.0-7.5 adpressed
whorls, almost cylindrical in early whorls. Suture
wavy, distinctly impressed. Axial sculpture of ne
orthocline ribs (17 on last adult whorl), with adapical
part forming a distinct subsutural cap, giving the
spire a slightly stepped appearance. Spiral sculpture
of ne, evenly spaced, dashed grooves, pronounced in
interspaces between axials below subsutural caps.
Last adult whorl adpressed in its adapical portion
and strongly convex below periphery, rather shortly
constricted towards siphonal canal. Axial ribs reach-
ing down to distinct waist delineating siphonal canal
from shell base. Siphonal canal long and straight,
tapering, sculptured by three very strong, rounded,
oblique cords. Aperture elongate, outer lip thin,
almost coaxial in its adapical third, convex at mid-
height and slightly drawn abapically towards tip of
siphonal canal; lacking lirae. Inner lip straight, bear-
ing four columellar folds, adapicalmost strongest,
apicalmost rather weak. Background colour white,
four last teleoconch whorls with distinct, light-brown
spiral bands formed by regular blotches in inter-
spaces between axial ribs. Spire whorls with two
such bands: one adapical and one just above suture.

Last adult whorl with additional third band on shell
base right above waist. Protoconch brown.

Radula (of holotype; Fig. 13B): Radula about
0.35 mm long and 0.08 mm wide, formed by about 47
rows. Rachidians tricuspidate with moderately wide
base reaching about 40% of radula width. Anterior
margin of rachidian base forming sharp blade-like
edges on both sides of cusps. Three cusps of rachidian
of about equal length, strong, pointed. Lateral cusps
slightly elevated in relation to central cusp and
directed slightly sideways. Laterals sickle-shaped,
unicuspidate.

Distribution and habitat

Papua New Guinea (Bismarck and Solomon Seas),
Solomon Islands, New Caledonia (Loyalty Ridge),
mostly on hard bottoms, depth range 389-556 m.

Etymology

The species is named after Bertrand Richer de
Forges, in recognition for his immense contribution
to the exploration of the South Paci c.

Remarks
Alisimitra deforgesi sp. nov. differs from other spe-
cies of the genus by the presence of spiral sculpture
of dashed grooves throughout whorl height, whereas
in most other Alisimitra species the spiral sculpture
is con ned to a single spiral cord on the adapical por-
tion of the whorl. The other exception is Alisimitra
fuscolineata in which the spiral sculpture elements
are still more numerous than in Alisimitra deforgesi
sp. nov., and the shell base is notably more elongate.
The other characteristic feature distinguishing
Alisimitra deforgesi sp. nov. is its variegated colour
pattern with distinct and contrasting colour bands.
Some deep-water Vexillum species, in particular
Vexillum fuscovirgatum Herrmann & Salisbury,
2012 and Vexillum troendlei Herrmann & Salisbury,
2012 resemble Alisimitra deforgesi sp. nov. in shell
proportions and colour pattern; however, both have
undulating, arcuate axial ribs, notched siphonal
canal, and outer aperture Ip lirate within, whereas

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2017, 179, 541-626



584 A. E.FEDOSOV ET AL.

Figure 13. Alisimitra gen. nov. morphology: A, Alisimitra barazeri sp. nov. radula of holotype; B, Alisimitra deforgesi
sp. nov. radula of holotype; C-F, Alisimitra tehuaorum; C, general morphology of the body, MNHN IM-2013-44099;
D, mantle removed; E, anterior alimentary canal; F, radula; G, Alisimitra samadiae sp. nov. radula of holotype.
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in Alisimitra deforgesi sp. nov. the axial ribs are
straight, there is no notch at the tip of the siphonal
canal, and the inside of the outer lip is smooth.

ALISIMITRA TEHUAORUM (HUANG, 2015)
COMB. NOV.
FicurRes 12G-N AND 13C-F

Tongsuapusia tehuaorum Huang, 2015: 46; pl. 1, g.7.

Type data
Holotype: NMNS 7523-001, South China Sea, Pratas
Islands, 600 m, 28.24 9 10.05 mm.

Material examined

Taiwan: South China Sea, Expedition NANHAI,
station CP4100, 15°05 N, 116°32 E, 534-552 m, 2 Iv
(MNHN IM-2013-44099, 20.7 mm, Fig. 12G; MNHN
IM-2013-44103, v, 19.0 mm); station CP4102,
15°03 N, 116°31E, 339-533m, 3 Iv (MNHN IM-
2013-44146, 18.0 mm, Fig. 12H, I; MNHN IM-2013-
44156, 18.85 mm, and MNHN [M-2013-44158,
19.4 mm); station CP4103, 15°05 N, 116°30 E, 633 m,
2 Iv (MNHN 1M-2013-44191, 15.85 mm, and MNHN
IM-2013-44200, 16.6 mm).

Papua New Guinea: PAPUA NIUGINI, station
DW3983, 05°12S, 146°59 E, 470-508 m, Bismarck
Sea, North-West of Long Island, 1 Iv (MNHN IM-
2013-19796, 22.7 mm, Fig. 12K).

New Caledonia: TERRASSES, station DW3036,
22°41 S, 168°58 E, 800 m, Loyalty ridge, 1 Iv (MNHN
IM-2013-40663, 15.5 mm, Fig. 12L); Norfolk 2, station
DW2081, 25°54 S, 168°22 E, 500-505 m, Norfolk ridge,
1 v (23.7 mm, Fig. 12M); station DW2087, 24°56 S,
168°22 E, 518-586 m, Norfolk ridge, 1 Iv (25.9 mm).
Society Islands: TARASOC, station CP3458, 16°46 S,
151°23 W, 573-611 m, Raiatea, 1 Iv (MNHN IM-
2007-39258, Fig. 12N).

Diagnosis

Shell fusiform to elongate fusiform with high, typi-
cally acuminate spire and wide last adult whorl. Pro-
toconch cyrtoconoid, brown, with 4.5 convex glossy
whorls. Early spire whorls distinctly shouldered,
rarely attened, subsequent teleoconch whorls with
convex outline. Sculpture of strong orthocline axial
ribs intersected by a single adapical spiral cord, which
is faint between axials and forms distinct beads at
intersections. Last adult whorl evenly convex; sipho-
nal canal moderately long, tapering, widely open.
Aperture elongate, outer lip thin, notably drawn
towards tip of siphonal canal, lacking lirae. Inner lip
with four columellar folds, the adapicalmost strongest,
and subsequent folds gradually diminishing. Back-
ground colour teleoconch with white apex and indis-
tinct tan spiral bands on late teleoconch whorls.

Anatomy (MNHN IM-2013-44099)
External morphology: Body pale, lacking
pigmentation, with massive head-foot, operculum
absent. Siphon simple, rather long. Head with a pair
of long eye tentacles (Fig. 13C, D). Eyes large,
situated laterally at base of tentacles. Mantle thin,
transparent; mantle cavity spanning over two-thirds
of last whorl. Ctenidium moderately long, occupying
about half the length of mantle cavity, osphradium
large, only slightly smaller than ctenidium. No
distinct anal gland present.
Anterior alimentary canal: Proboscis conical, in
contracted state rather short, occupying about half of
the rhynchocoel length. Rhynchodaeum thin, with two
retractors attached ventrally to its anterior part
(Fig. 13E). Buccal mass situated at mid-length of
proboscis, with distal part of radular sac reaching
proboscis base. Buccal mass enclosing thin horseshoe-
shaped jaw, connected to odontophore by very feeble
bres of connective tissue. Anterior oesophagus
forming a loop that lies dorsally above large bulky
salivary glands and terminates at distinct pyriform
valve of Leiblein. Very thin salivary ducts adjoining
mid-oesophagus for a short distance before the valve
of Leiblein. Acessory salivary gland bulbous,
translucent, situated laterally, partly embedded into
salivary gland. Mid- oesophagus situated right behind
the circum-oesophageal nerve ring, forming a very
short widened glandular compartment. Posterior
oesophagus thin, covered dorsally by very long,
brown, bulky, gland of Leiblein.
Radula (of holotype; Fig. 13F): Radula about 0.4 mm
long and 0.1 mm wide, consisting of about 54 rows.
Rachidians tricuspidate with moderately wide base
attaining about 37% of radula width. Three cusps of
rachidian of about equal length, strong, pointed.
Lateral cusps directed slightly sideways. Anterior
margin of rachidian forming sharp blade-like edge.
Laterals sickle-shaped, unicuspidate.
Male reproductive system: The specimen is a male,
with a large, attened, folded penis with no distinct
papilla (Fig. 13D). Seminal groove open, spanning
the entire length of the penis along its inner edge.

Distribution and habitat

South China Sea, Papua New Guinea, New Caledo-
nia (Loyalty and Norfolk ridges), French Polynesia,
hard bottoms, depth range 505-800 m.

Remarks

Alisimitra tehuaorum was described based on a sin-
gle dead collected shell lacking the protoconch
(Huang, 2015: pl. 1, g. 7a—c), which exceeds in size
the specimens studied herein; however, we are con -
dent about the identity of this species. In general,
specimens of Alisimitra tehuaorum from different
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localities show signi cant variation in shell shape,
whorl outline, and number of axial ribs. The form
from the South China Sea (Fig. 12G-1) has convex
whorls that are somewhat shouldered in appearance
because of the distinct beads at the intersection of
spiral and axial sculpture. By contrast, specimen
MNHN [IM-2013-19676 from Papua New Guinea
(Fig. 12K) has attened late spire whorls and weaker
spiral sculpture. All specimens of Alisimitra tehuao-
rum, from the South Paci c¢ [including MNHN IM-
2013-19676 from Papua New Guinea, MNHN IM-
2013-40663 from New Caledonia (Fig. 12L), and
MNHN IM-2007-39258 (Fig. 12N) from the Society
Islands] have notably ner and denser axial ribs,
numbering 23-25 on last adult whorl. The conspeci-
city of the South China Sea and South Paci ¢ popu-
lations is con rmed by molecular data, however.
Alisimitra tehuaorum is most similar to Alisimitra
barazeri sp. nov. (see above), but Alisimitra tehuao-
rum has a more fusiform shell outline whereas
Alisimitra barazeri sp. nov. is more turriform, with a
strongly convex base. Besides, specimens of Alisimi-
tra tehuaorum and Alisimitra barazeri sp. nov. from
the South Paci ¢ can be distinguished by the axial
sculpture: ner and denser ribs in Alisimitra tehuao-
rum; stronger and more widely spaced in Alisimitra
barazeri sp. nov. The lack of spiral grooves segre-
gates Alisimitra tehuaorum from Alisimitra deforgesi
sp. nov. and Alisimitra fuscolineata, with the latter
two remarkable for contrasting spiral bands or lines,
which are lacking in Alisimitra tehuaorum. Finally,
the denser axial ribs and comparatively much wider
last adult whorl immediately distinguish Alisimitra
tehuaorum from Alisimitra samadiae sp. nov.

ALISIMITRA SAMADIAE SP. NOV. FEDOSOV,
HERRMANN & BOUCHET
Ficure 14A-C

Type data

Holotype: MNHN 1M-2013-40638, PAPUA NIUGINI,
station CP4079, 04°34 S, 145°52 E, 960 m, Papua
New Guinea, Bismarck Sea, West of Karkar Island,
lv, 20.3 mm (Fig. 14A, B).

Other material examined

New Caledonia: EXBODI, station CP3842, 22°23 S,
167°22 E, 756-769 m, off Passe de la Sarcelle, 1 dd
(14.75 mm; Fig. 14C).

Diagnosis

Shell elongate, with strong axial sculpture and very
high orthoconoid spire. Protoconch cyrtoconoid,
brown, with about four convex, glossy whorls. Early
teleoconch whorls shouldered, later whorls attened.

Sculpture of very strong and widely spaced axial ribs
overridden by a single spiral cord, situated slightly
above whorls mid-height, more pronounced on earlier
whorls, very faint in interspaces between ribs. Sipho-
nal canal moderately long, tapering, slightly
recurved. Aperture narrow, outer lip very thin,
smooth inside. Inner lip with three strong columellar
folds, adapicalmost strongest. Shell off-white.

Description

Shell elongate-turriform, with high spire and rather
low aperture (w/h 0.28; a/h 0.4-0.42). Protoconch cyrto-
conoid, brown, with about four convex, glossy whorls.
Teleoconch of about 7.5 adpressed whorls; suture dee-
ply impressed, canaliculate. Axial sculpture of very
strong, straight, widely spaced ribs (12 on penultimate
whorl) and ne growth lines. Last adult whorl with 13
ribs, of which the last few are wider and weaker, sculp-
ture behind outer lip represented essentially by distinct
growth lines. Spiral sculpture of a single spiral cord,
situated at adapical third of whorl height, forming
rounded beads at intersection with axial ribs, rather
feeble in interspaces between them. Rounded beads on
axial ribs well pronounced on early teleoconch whorls,
vanishing on penultimate and last adult whorls. Shell
base smooth, convex, with gradual transition to rather
short, slightly recurved siphonal canal, sculptured only
by growth lines. Aperture elongate, evenly convex,
reaching tip of siphonal canal. Outer lip thin, smooth
inside. Inner lip slightly bent abaxially, with three
strong, subequal columellar folds. Shell off-white.
Radula (of holotype; Fig. 13G): Radula about 0.6 mm
long and 0.12 mm wide, consisting of 55 rows.
Rachidians tricuspidate, with rather wide, bow-
shaped base, its anterior margin forming distinct
blade-like edges laterally; three rachidian cusps
rather long and pointed, very closely set, lateral cusps
directed notably sideways. Laterals unicuspidate,
sickle-shaped, bearing irregular plicae at base of cusp.

Distribution and habitat
Papua New Guinea (Bismarck Sea), New Caledonia,
depth range 769-960 m.

Etymology

The species is named in honour of Sarah Samadi,
the cruise leader of the deep-water expeditions to
Papua New Guinea, including the PAPUA NIUGINI
cruise of 2012 during which the holotype was col-
lected.

Remarks

The specimen of Alisimitra samadiae sp. nov. from
New Caledonia retains a protoconch with the same
morphology as protoconchs in other Alisimitra spe-
cies. Alisimitra samadiae sp. nov. differs markedly
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Figure 14. Alisimitra species. A-C, Alisimitra samadiae sp. nov.: A, B, holotype, MNHN [1M-2013-40638, Papua
New Guinea, West of Karkar Island, PAPUA NIUGINI, station CP4079, 04°34 S, 145°52 E, 960 m, 20.3 mm; C, New
Caledonia, EXBODI station, CP3842, 22°23 S, 167°22 E, 756-769 m, 14.75 mm. D-F, Alisimitra fuscolineata: holotype of
Vexillum fuscolineatum, MNHN [IM-2000-25190, French Polynesia, Society Islands, Huahine, TARASOC, station
DW3425, 16°43 S 151°03 W, 557 m, 17.3 mm; F, MNHN IM-2007-39271, French Polynesia, Society Islands, Huahine,

TARASOC, station DW3429, 16°43 S, 150°38 W, 493-540 m.

from other Alisimitra species by its, by far, more
elongate shell, with very strong axial sculpture and
rather smooth siphonal canal. In shell proportions
and morphology of the suture, it rather resembles
some species of Tosapusia, but can be readily distin-
guished from them by its adpressed whorls and lack
of spiral sculpture other than the single spiral cord,
and by the protoconch morphology, which is shared
with other Alisimitra species.

ALISIMITRA FUSCOLINEATA
(HERRMANN & SALISBURY, 2012) coMB. NOV.
FIGURE 14D-F

Vexillum (Costellaria) fuscolineatum Herrmann &
Salisbury, 2012: 133-138; gs 36-39.

Type data

Holotype: MNHN 1M-2000-25190, TARASOC,
station DW3425, 16°43 S, 151°03 W, 557 m, French
Polynesia, Society Islands, Huahine, dd, 17.3 mm
(Fig. 14D, E).

Paratypes: Paratypes 1-5 listed by Herrmann &
Salisbury (2012).

Material examined

Type material from French Polynesia; TARASOC,
station DW3429, 16°43S, 150°38 W, 493-540 m,
French Polynesia, Society Islands, Huahine, 1 Iv
(MNHN IM-2007-39271, Fig. 14F).

Diagnosis

Shell fusiform, of medium size, measuring up to
22 mm in height. Protoconch conical, with about
three brown glossy whorls. Teleoconch of seven or
eight whorls. Spire orthoconoid, elongate, with gently
convex whorls. Sculpture of narrow, orthocline axial
ribs intersected by low, rounded spiral cords. Num-
ber of axial ribs increases from 9-11 on the rst
whorl to 15-18 on the penultimate whorl, and 24-34
on the last adult whorl; ribs becoming atter towards
last adult whorl. Two or three stronger and widely
spaced spiral cords adapically, and ner and more
closely set cords on rest of whorl surface. Spiral
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cords on shell base sometimes very weak or obsolete.
Siphonal fasciole with between four and seven dis-
tinct oblique cords. Siphonal canal long, nearly
straight in adult specimens. Aperture moderately
wide, elongate, with thin outer lip smooth inside;
inner lip with four columellar folds, adapicalmost
strongest, succeeding folds progressively weaker.
Protoconch brown, teleoconch white with narrow
brown band slightly above periphery of spire and last
adult whorls. Second, faint brown band may be pre-
sent in lower part of last adult whorl.

Distribution and habitat

French Polynesia (Society Islands, 490-560 m, Tua-
motu Archipelago, 500-800 m) and Hawaii (Oahu,
about 370 m).

Remarks

In shell proportions and sculpture, Alisimitra fuscol-
ineata is close to Alisimitra deforgesi sp. nov.; how-
ever, Alisimitra deforgesi sp. nov. is generally
smaller and can be distinguished by the characteris-
tic adapical cap and variegated colour pattern.
Alisimitra tehuaorum and Alisimitra barazeri sp.
nov., although they have a proportionally shorter
siphonal canal, are also close to Alisimitra fuscolin-
eata; both are uniformly pale or tan, whereas Alisim-
itra fuscolineata has a characteristic narrow brown
band. Alisimitra fuscolineata also bears ne spiral
cords throughout the shell surface, whereas in both
Alisimitra tehuaorum and Alisimitra barazeri sp.
nov. typically only an adapical cord is present.

GENUS COSTAPEX GEN. NOV. FEDOsov,
HERRMANN & BOUCHET

Type species: Costapex sulcatus sp. nov.

Diagnosis

Shell small, fusiform or widely fusiform. Protoconch
cyrtoconoid with three or more evenly convex glossy
whorls. Teleoconch with 4.5-7.0 evenly convex
whorls. Sculpture on late teleoconch whorls domi-
nated by spiral elements, some species may lack
sculpture and single adapical spiral groove may be
present. In contrast, earlier teleoconch whorls sculp-
tured by coarse axial ribs. Siphonal canal rather
long, straight, and tapering, or slightly recurved at
its tip. Aperture rather wide, with evenly convex,
sometimes slightly undulating, outer lip; inside of
outer lip smooth or lirate within. Inner lip with
three or four narrow columellar folds of equal or
subequal strength. Head-foot massive, with light-
brown or black bands on dorsal surface of foot. Eye
tentacles moderately long, with large eyes situated
at bases. Radula with rather broad tricuspidate

rachidian and narrow unicuspidate sickle-shaped
laterals. Gland of Leiblein large, glandular, brown.
Males with seminal canal represented by open
groove within mantle cavity, and closed along entire
length of penis.

Included species

Costapex sulcatus sp. nov.,' t Costapex elatior (Fin-
lay, 1924),%> Costapex exbodi sp. nov.,' Costapex joli-
veti (Poppe & Tagaro, 2006),2 Costapex levis sp.
nov.,! Costapex margaritatus sp. nov.,> Costapex
martinorum (Cernohorsky, 1984).2

Distribution and habitat

Species of Costapex gen. nov. are recorded from the
tropical western Paci c: Philippines, Papua New
Guinea (Bismarck and Solomon Seas), New Caledo-
nia. At least two species of Costapex gen. nov. have
been collected from sunken wood.

Etymology

From the Latin costa (rib) and apex (top). The name
Costapex refers to the characteristic sculpture of
early teleoconch whorls.

Remarks

Because of the lack of axial sculpture on late teleo-
conch whorls or prevailing spiral sculpture, the
overall appearance of Costapex species recalls deep-
water Mitridae, rather than costellariids. The spe-
cies of Costapex gen. nov. can be readily distin-
guished from mitrids by the presence of strong
axial ribs on early teleoconch whorls. In all species
of the Costapex gen. nov. the columellar folds are
thin, of equal or subequal strength; this allows their
easy recognition among other deep-water costellari-
ids, which usually have the adapicalmost columellar
folds notably stronger. The ne columellar folds and
often small shells of some Costapex gen. nov. spe-
cies also render them extremely close to the volu-
tomitrid genus Microvoluta. The two genera,
however, can be distinguished by the details of col-
umellar folds: these are always rounded in Costapex
gen. nov. and sharp in Microvoluta. In addition, the
presence of a translucent, bulbous protoconch read-
ily reveals the species of Volutomitridae.

Six living species, which we assign to the newly
established genus Costapex sp. nov., can be sepa-
rated into three morphologically distinct groups. The
lesser Costapex gen. nov. species, Costapex sulcatus
sp. nov., Costapex Joliveti, and Costapex margarita-
tus sp. nov. (Fig. 15), are characterized by small
shells, which do not usually exceed 15 mm in height,
and late teleoconch whorls dominated by spiral
sculpture, whereas earlier whorls bear strong axial
ribs. The larger Costapex gen. nov. species, Costapex
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martinorum and Costapex exbodi sp. nov. (Fig. 17F-
1) are similar to the lesser species in sculpture pat-
tern, but are characterized by solid, notably larger
shells that are intensely coloured brown. The third
group, which can be referred to as smooth Costapex
is represented by the single species Costapex levis
sp. nov. (Fig. 17A-E), which is distinctive because of
its smooth late teleoconch whorls.

COSTAPEX SULCATUS SP. NOV. FEDOSov,
HERRMANN & BOUCHET
Ficure 15A-D

Type data

Holotype: MNHN IM-2013-40627, 08°43 N, 123°19 E,
259-280 m, Philippines, East of Aliguay Island, lv,
7.4 mm; Figure 15A, B.

Paratype: MNHN [1M-2000-31646, same locality as
holotype, Iv, 6.5 mm; Figure 15C.

Other material examined

Philippines: PANGLAO 2005, station CP2390,
9°27 N, 123°43 E, 627-645 m, Bohol Sea, 1 dd
(3.9 mm); station CP2407, 9°41 N, 123°48 E, 256-
268 m, Bohol Sea, Maribojoc Bay, 1 Iv (MNHN IM-
2007-30321, 9.4 mm).

Solomon Islands: SALOMON 2, station CP2272,
8°56 S, 157°44 E, 380-537 m, New Georgia Island,
1dd (6.7 mm).

Vanuatu: SANTO 2006, station AT99, 15°06S,
166°51 E, 351-395 m, Big Bay, 2 Iv (MNHN IM-
2007-30254, 8.0 mm; MNHN IM-2007-30260,
9.3 mm, Fig. 15D).

Diagnosis

Shell small, fusiform, with orthoconoid spire and
rather wide aperture. Protoconch pointed, with
three or more convex, glossy whorls. Teleoconch
whorls attened in pro le, sculptured with evenly
spaced deep spiral grooves that have a dashed
appearance; an adapical groove usually deeper and
stronger than succeeding ones. Axial sculpture of
strong, coarse axial ribs on early spire whorls and
indistinct low folds on later whorls. Microsculpture
of very ne, dense, collabral growth lines. Last
adult whorl evenly convex, siphonal canal rather
long, straight, tapering. Aperture wide, its outer lip
thin, evenly convex throughout its length, smooth
inside. Inner lip with ve, ne, equal, oblique col-
umellar folds. Seminal canal represented by an
open groove on side of body, closed on penis. Radula
with tricuspidate rachidian and narrow, sickle-
shaped, unicuspidate laterals. Mid-oesophagus
widened; gland of Leiblein well developed, large and
brown.

Description
Shell small, thin-walled, fusiform (w/h 0.4; a/h 0.55).
Protoconch (intact only in paratype 1; apex strongly
corroded and protoconch missing in all other speci-
mens) high, pointed, with about four smooth, convex
whorls. Teleoconch with about 4.5 whorls, rst two
with rather adpressed pro le; penultimate and last
whorls slightly evenly convex. Suture deeply
impressed. Sculpture of orthocline rounded axial
ribs, more pronounced on rst two whorls and
becoming at and indistinct on last adult whorl, and
microsculpture of ne growth lines. Axial folds over-
ridden by broad, attened, slightly undulating spiral
cords separated by widely spaced narrow grooves of
somewhat perforated appearance. Adapical spiral
groove strongest, succeeding spiral grooves (four on
each spire whorls) weak on second teleoconch whorl,
distinct on penultimate whorl, and almost equal to
adapical groove on last adult whorl. Six wide and
attened spiral cords on adapical portion of last
adult whorl and periphery succeeded on shell base
by six narrower and more rounded in pro le cords,
and six even narrower oblique cords, on siphonal
canal. Siphonal canal rather long, straight, tapering.
Aperture rather wide; outer lip thin, undulating,
evenly convex; smooth inside. Inner lip with ve dis-
tinct columellar folds of equal strength. Background
colour pale, with very faint lighter spiral band on
whorl periphery.

Anatomy (paratype)

External morphology: Body pale yellowish, with
light-brown bands on foot. Operculum absent.
Siphon simple, moderately long, slightly protruding
beyond the mantle edge. Head bearing moderately
long eye tentacles with large black eyes situated
laterally at base (Fig. 16A, B). Mantle cavity
spanning ~0.7 whorl; mantle thin with mantle cavity
organs clearly visible. Ctenidium very long, narrow,
spanning throughout the posterior two-thirds of the
mantle cavity. Osphradium large, exceeding one-half
of ctenidium length. No distinct anal gland.

Anterior alimentary canal: Proboscis white, in
contracted state occupying about two-thirds of the
rhynchocoel length. Anterior rhynchodaeum thin,
whitish, semi-translucent. Two distinct muscular
bundles (retractors) attached laterally to anterior
rhynchodaeum (Fig. 16C). Buccal mass moderately
long, situated in basal portion of proboscis.
Oesophagus forming a loop after leaving the
proboscis, lying dorsally, and entering medium-sized
bulbous valve of Leiblein. Salivary gland large,
white, unpaired, situated posterior to proboscis.
Accessory salivary gland(s) not observed, possibly
because of the minute size of dissected animal.
Posterior oesophagus adjoined by brown bulky gland
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of Leiblein, which is massive in its anterior portion Radula (of holotype; Fig. 16D): Radula 0.2 mm in
and notably extended backwards along the length and about 0.04 mm in width, consisting of 58
oesophagus. rows. Rachidian tricuspidate with moderately wide
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Figure 15. Costapex species. A-D, Costapex sulcatus sp. nov.: A, B, holotype, MNHN [M-2013-40627, Philippines,
Bohol/Sulu Seas, 8°43 N, 123°19 E, 259-280 m, 7.4 mm; C, paratype 1, same locality as holotype, 6.5 mm; D, MNHN
IM-2007-30254, Vanuatu, SANTO 2006, station AT99, 15°06 S, 166°51 E, 351-395 m, 9.3 mm. E, Costapex sp. aff. sulca-
tus, MNHN 1IM-2013-4814, Papua New Guinea, PAPUA NIUGINI, station CP3949, 05°12 S, 145°51 E, 380-407 m,
9.8 mm. F-I, Costapex joliveti: F, G, holotype, NMP, East China Sea, 140-180 m, 14.2 mm; H, MNHN IM-2013-40132,
Papua New Guinea, Bismarck Sea, off Aitape, PAPUA NIUGINI, station CP4055, 03°03 S, 142°18 E, 370-374 m,
9.9 mm; I, MNHN [M-2013-40666, Philippines, off Eastern Luzon, AURORA 2007, station CP2720, 14°27 N, 121°47 E,
300-301 m, 6.2 mm. K-M, Costapex margaritatus sp. nov.: K, L, holotype, Philippines, Balicasag Island, tangle nets,
50-150 m, 10.3 mm; M, paratype 1, same locality as holotype, 11.0 mm.

base and long pointed cusps, which are set notably
apart. Lateral teeth narrow, sickle-shaped, curved,
with single pointed cusp.

Reproductive system: The paratype studied is male,
with a moderately sized penis of subcylindrical (very
slightly attened) shape, without distinct papilla.
Seminal canal indistinct on penis, and certainly not
forming an open groove. The seminal canal is very
distinct on the body of the animal, however: it is
wide and represented proximally by an open groove.

Distribution and habitat
Philippines, Solomon Islands, Vanuatu. Alive in depths
of 268-351 m. Holotype collected from sunken wood.

Etymology

The species name refers to the characteristic sculp-
ture pattern of multiple spiral grooves (Latin sulca-
tus = grooved).

Remarks
Among known costellariids, Costapex joliveti (Poppe &
Tagaro, 2006) is closest to Costapex sulcatus sp. nov.:
both have similar sculpture pattern and coloration,
and are closely related based on our phylogenetic
analysis; however, Costapex sulcatus sp. nov., being
generally smaller and more elongate, is character-
ized by a smooth outer lip of the aperture, whereas
it is lirate within in adult specimens of Costapex joli-
veti. Another lesser Costapex species, Costapex mar-
garitatus sp. nov., although close to Costapex
sulcatus sp. nov. in proportions, has a notably stron-
ger spiral sculpture, with subsutural and subsequent
grooves developed equally. Overall, the dominating
spiral sculpture elements of Costapex sulcatus sp.
nov. make it look rather like a mitrid. A similar
sculpture pattern of dashed spiral grooves is charac-
teristic for some deep-water Mitridae: for example,
the genus Calcimitra Huang, 2011. Costapex sulca-
tus sp. nov., however, can be distinguished by the
presence of strong axial ribs on early spire whorls.
Specimen MNHN IM-2013-4814 (Fig. 15 E),
despite sharing the same sculpture pattern, is char-
acterized by rather biconical shell with much longer
siphonal canal. This specimen comes out separately
on the COl-based molecular tree, suggesting that it

represents a separate species; however, with a single
specimen at hand we are uncertain about the value
of these morphological characters and we refrain
from formally naming it here.

COSTAPEX JOLIVETI (PoPPE & TAGARO, 2006)
COMB. NOV.
FIGURE 15F-I

Vexillum (Pusia) joliveti Poppe & Tagaro, 2006:
81-82; pl. 6, gs 1,2, 4.

Type data

Holotype: East China Sea, 140-180 m, 14.2 9 5.9 mm
(Fig. 15F, G). Contrary to the statement in the
original publication, the holotype has not been
deposited in MNHN, but is in NMP.

Paratypes: Paratypes 1-12, 14.3-18.0 mm, in NMP
and private collections.

Other material examined: MNHN [1M-2013-40132,
PAPUA NIUGINI, station CP4055, 03°03S,
142°18 E, 370-374 m, Papua New Guinea, Bismarck
Sea, off Aitape, lv, 9.9 mm (Fig. 15H); AURORA
2007, station CP2720, 14°27 N, 121°47 E, 300-301 m,
Iv (MNHN IM-2013-40666, 6.2 mm; Fig. 15I).

Diagnosis
Shell small, broadly fusiform, with orthoconoid spire
and long tapering siphonal canal. Protoconch

unknown. Teleoconch of about 5.5 evenly convex
whorls; suture distinct, deeply impressed. Early spire
whorls sculptured with low, rounded axial ribs over-
ridden by broad, also rounded, cords and distinct
subsutural groove. Late spire whorls sculptured with
broad attened spiral cords separated by rather deep
and narrow grooves. Spiral cords becoming notably
narrower below shell periphery and on siphonal
canal. Aperture elongate with evenly convex outer
lip with about ten lirae inside. Inner lip with four
narrow subequal folds. Colour white with bands of
irregular brown ecks.

Distribution and habitat
East China Sea, depth range 140-180 m; Philippines,
Papua New Guinea, 301-370 m.
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Figure 16. Costapex morphology. A-D, Costapex sulcatus sp. nov., paratype 1: A, general morphology of the body; B,
mantle removed; C, anterior alimentary canal; D, radula. E-G, Costapex radulae: E, Costapex levis sp. nov., holotype;
F, Costapex levis sp. nov., MNHN IM-2013-40629; G, Costapex exbodi sp. nov.

Remarks

In overall shell morphology, Costapex sulcatus sp.
nov. is most similar to Costapex joliveti, although
Costapex joliveti has a very weak axial sculpture on
the spire whorls, outer aperture lip lirate within, and
a generally larger and wider adult shell. Costapex

joliveti can be distinguished from Costapex margarita-
tus sp. nov. by the shape of the spiral cords, which are

attened and elevated in Costapex joliveti, but have a
characteristic beaded structure in Costapex margari-
tatus sp. nov. Conversely, Costapex levis sp. nov. can
be readily distinguished from Costapex joliveti by the
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smooth last adult whorl, bearing a single groove just
below the suture, whereas Costapex joliveti is charac-
terized by multiple spiral grooves on the last adult
whorl; moreover, Costapex joliveti bears occasional
brown bands, which are lacking in Costapex levis sp.
nov. Costapex exbodi sp. nov. is somewhat close to
Costapex joliveti in shell outline and sculpture pat-
tern; however, both Costapex martinorum and Costa-
pex exbodi sp. nov. are notably larger, with more solid
shells, compared with Costapex joliveti.

COSTAPEX MARGARITATUS SP. NOV. HERRMANN,
FEDOSov & BOUCHET
FIGURE 15K-M

Type data

Holotype: MNHN 2000-30206, Philippines, Balicasag
Island, tangle nets, 50-150 m, collected 2011,
10.3 mm (Fig. 15K, L).

Paratypes: Same locality as holotype, paratypes 1-5,
collection Manfred Herrmann, 11.0, 10.2, 10.1, 9.4,
and 8.6 mm respectively; paratypes 6-8, collection
Mitsuo Chino, 16.4, 11.1, and 10.8 mm respectively;
paratypes 9-10, collection Gunter Stossier, 10.4 and
9.9 mm, respectively.

Diagnosis

Shell small, broadly fusiform. Protoconch pointed,
conical, with three or more glossy whorls. Teleoconch
whorls with attened or slightly convex outline.
Sculpture of strong axial ribs and spiral cords, form-
ing characteristic beaded sculpture. Shell base sepa-
rated from siphonal canal by wide waist, both with
dominating spiral sculpture elements. Outer lip thin,
undulating, with six widely spaced lirae inside. Inner
lip with four subequal columellar folds. Shell colour
white, with brown band in abapical half of spire
whorls and irregular brown blotches throughout
shell surface.

Description

Shell small, thin-walled, widely fusiform (w/h 0.38-
0.42; a/h 0.49-0.52). Protoconch (missing in almost
all specimens) light brown, pointed, with three or
more evenly convex glossy whorls. Teleoconch of six
whorls: rst three subcylindrical, succeeding three
evenly convex. Suture deeply impressed. First teleo-
conch whorl sculptured with 12-14 strong, rounded
axial ribs, on succeeding whorls axials overridden
by strong, slightly attened spiral cords of about
equal size, resulting in a characteristic beaded
sculpture. Penultimate whorl with 17-20 axial ribs
and 4 or 5 spiral cords, last adult whorl with 22-28
ribs and 13 or 14 cords; interspaces separating the
three adapical cords slightly wider. Shell base and

siphonal canal devoid of axial elements, sculptured
with pustulated cords and nearly smooth rounded
spiral cords on siphonal fasciole. Siphonal canal
moderately long, widely open, separated from the
shell base by wide, concave waist. Aperture elon-
gate, moderately wide, outer lip thin, undulating,
evenly convex, bearing six widely spaced lirae
inside. Inner lip with four distinct columellar folds,
adapicalmost fold slightly exceeding the three
others in strength. Background colour white with
brown spiral band in the abapical half of spire
whorls and at the periphery of the last adult whorl,
and irregular brown blotches throughout shell sur-
face.

Radula: No data.

Distribution and habitat
Balicasag Island, Philippines, 50-150 m.

Etymology
The species name refers to the characteristic beaded
sculpture pattern (margarita = pearl).

Remarks

In shell proportions, Costapex margaritatus sp. nov.
is most similar to Costapex sulcatus sp. nov., but
can be differentiated from the latter by stronger
sculpture elements resulting in the characteristic
beaded sculpture, and by lacking growth lines. The
characteristic strong beaded sculpture of Costapex
margaritatus sp. nov. also differentiates it from
Costapex joliveti. Another feature that separates
Costapex margaritatus sp. nov. from other lesser
Costapex species is a distinct siphonal fasciole,
which is absent in both Costapex sulcatus sp. nov.
and Costapex joliveti, which have a tapering sipho-
nal canal. Costapex margaritatus sp. nov. is also
similar to Costapex martinorum, mainly because of
the sculpture pattern, but Costapex martinorum is
notably larger, more slender, with spiral inter-
spaces exceeding axial interspaces in width. More-
over, the two differ in colour pattern: Costapex
martinorum is reddish brown with cream blotches,
whereas Costapex margaritatus is white with brown
bands.

COSTAPEX LEVIS SP. NOV. FEDOSOV,
HERRMANN & BOUCHET
FiGUrRe 17A-E

Type data

Holotype: MNHN IM-2013-40628, 05°01 S, 152°00 E,
400-619 m (BIOPAPUA, station DW3777), Papua
New Guinea, New Britain, Wide Bay, lv, 15.2 mm
(Fig. 17A, B).
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Figure 17. Costapex species. A-E: Costapex levis sp. nov. A, B, holotype, MNHN 1M-2013-40628, Papua New Guinea,
New Britain, Wide Bay, BIOPAPUA, station DW3777, 05°01 S, 152°00 E, 400-619 m, 15.2 mm; C, Papua New Guinea,
Solomon Sea, BIOPAPUA, station CP3737, 08°15 S, 150°45 E, 587 m, 12.4 mm; D, E, MNHN IM-2013-40629, Papua New
Guinea, Gulf of Huon, BIOPAPUA, station CP3632, 06°56 S, 147°08 E, 700-740 m, 19 mm; F, G, Costapex martinorum,
holotype of Vexillum martinorum, AM-71372, Philippines, Bohol, Coamen, 22.7 mm. H, I, Costapex exbodi sp. nov., holo-
type, MNHN [M-2013-40626, New Caledonia, off Yate, EXBODI, station CP3835, 22°06 S, 167°06 E, 325-346 m,
22.05 mm.
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Paratype: PANGLAO 2005, station CP2358,
8°52.10 N, 123°37.10 E, 569-583 m, Bohol/Sulu Seas,
Ilv (MNHN IM-2009-4609, 11.0 mm).

Other material examined

Philippines: Panglao, 2005 station CP2381 08°43 N,
123°19 E, 259-280 m, Dipolog Bay, 1 dd, 7.4 mm.
Papua New Guinea, Solomon Sea: BIOPAPUA,
station CP3632, 06°56S, 147°08E, 700-740 m,
Solomon Sea, Huon Gulf, 1 Iv (MNHN IM-2013-40629,
19 mm; Fig. 17D, E); station CP3737, 08°15S,
150°45 E, 587 m, off Lancasay, 1 Iv, 12.4 mm
(Fig. 17C); station DW3748, 05°37 S, 154°01 E, 398-
399 m, seamount off Bougainville, 1 dd, 15 mm.
Solomon Islands: Salomon 1, station CP1807,
9°42.2S 160°52.8 E 1077-1135m, 1 dd, 24.8 mm;
SALOMON 2, station CP2227, 6°37 S, 156°13 E, 508
522 m, Choiseul, 2 dd, 15.25 and 16.5 mm.

Diagnosis

Shell fusiform to broadly fusiform, smooth, with
orthoconoid spire and rather long siphonal canal.
Protoconch pointed, dark brown, with large nucleus,
consisting of three or more smooth whorls. Suture
distinct, impressed, whorls slightly convex in outline.
Early spire whorls sculptured with widely spaced
coarse axial ribs, intersected apically by single
groove. Axial ribs disappear on fourth teleoconch
whorl, subsequent whorls lacking sculpture, some-
times retaining adapical groove only. Microsculpture
of very ne collabral growth lines. Last adult whorl
evenly convex with elongate shell base and rather
long, tapering, widely open siphonal canal. Aperture
elongate with thin, evenly convex outer lip bearing
faint lirae on its inner surface. Inner lip with four
strong columellar folds, adapicalmost fold slightly
exceeding others in strength. Shell colour whitish to
pale or tan.

Description

Shell small, elongate-fusiform (w/h 0.31-0.39; a’/h
0.45-0.51), with rather tall spire and long, tapering
siphonal canal. Protoconch pointed, dark brown, with
large nucleus, consisting of three or more smooth
whorls. Teleoconch of about seven slightly convex
whorls, rst three with strong orthocline axial ribs
(14 on third teleoconch whorl), giving an indistinctly
shouldered pro le. Axial ribs intersected by strong
spiral groove forming subsutural caps, noticeable on
early teleoconch whorls. Axial ribs becoming broader
and indistinct on fourth teleoconch whorl, and van-
ishing entirely on succeeding whorls. Last three
whorls smooth, sculptured only by very ne growth
lines, slightly convex in outline. Suture distinct, very
slightly impressed. Last adult whorl evenly convex,
forming concave waist with ve strong spiral grooves

at its transition to siphonal canal. Siphonal canal
long and slender, tapering, with rather deep and
narrow opening. Aperture elongate, outer lip thin,
evenly convex, with very faint lirae on its inner sur-
face. Inner lip with four strong but rather narrow
columellar folds, adapicalmost strongest, then gradu-
ally reducing in size. Colour uniformly white, with
interspaces between spiral ribs on early teleoconch
whorls retaining light-brown periostracum (or possi-
bly stained so by mud).

Radula (holotype, Fig. 16E; MNHN 1M-2013-40629,
Fig. 16F): Radula about 0.4 mm long and 0.1 mm
wide, consisting of about 60 rows. Rachidian with
rather wide bow-shaped base and three moderately
long pointed cusps; anterior part of rachidian base
with sharp, blade-like edge (marked with white
arrows). Laterals unicuspidate, sickle-shaped with
slightly widened base.

Morphology of the body: The holotype, a male, has
well-developed eyes situated at the base of the
tentacles. Penis rather small, seminal groove closed.

Distribution and habitat

Philippines, Papua New Guinea (Solomon Sea), Solo-
mon Islands, depth range 280-1077 m. One of the
specimens studied was collected from sunken wood.

Etymology

The name of this species emphasizes the lack of the
sculpture on late teleoconch whorls (Latin le-
vis = smooth, plain, free from coarse hair), which dis-
tinguishes Costapex levis sp. nov. from congeners.

Remarks

The material examined shows signi cant variation
in shell proportions, from the fusiform holotype to
elongate with high spire and relatively shorter aper-
ture (MNHN IM-2007-40629). At present, we are
inclined to attribute this variation to bathymetry, as
MNHN IM-2013-40629 and an even more elongate
specimen from the Solomon Islands were sampled
from depths greater (700-740 and 1077-1135 m,
respectively) than the others (398-619 m); however,
it cannot be excluded that we are dealing with two
separate species that do not overlap in bathymetric
distribution.

Because of their smooth adult teleoconch whorls, both
the typical and elongate forms stand apart from other
costellariids. At the same time, the coarse axial ribs on
early teleoconch whorls readily distinguish Costapex
levis sp. nov. from species of mitrids. In overall shell
shape, Costapex levis sp. nov. shows a certain resem-
blance to the boreal Volutomitra groenlandica (Moller,
1842) (Volutomitridae); however, it can be distin-
guished by the presence of axial elements on early spire
whorls and by the comparative strength of columellar
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folds. In Costapex levis sp. nov. the adapicalmost fold is
the strongest, whereas in Volutomitra groenlandica it
is notably fainter than the succeeding ones.

COSTAPEX MARTINORUM (CERNOHORSKY, 1986)
COMB. NOV.
Ficure 17F, G

Vexillum martinorum Cernohorsky, 1986: 50-52; gs
15-20.

Type data

Holotype: AM 71372, Philippines, Bohol, Coamen,
22.7 mm (Fig. 17F, G).
Paratypes: Philippines,
20.7, and 19.0 mm.

Bohol, Coamen, SL 20.1,

Diagnosis

Shell fusiform, elongate, with adpressed early spire
whorls, late teleoconch whorls evenly convex. Suture
deeply impressed. Sculpture of prosocline axial ribs
and broad, attened spiral cords, bisected by axial
lirae, producing compressed nodules at their inter-
section with axials. Microsculpture of ne dense
growth lines. First subsutural cord delimited from
succeeding cords by widened interspace. Shell base
very high, gradually extending to siphonal canal.
Aperture elongate, outer lip undulating, lirate inside.
Inner lip with four ne columellar folds, adapical-
most fold strongest. Colour reddish brown with
cream axial streaks.

Distribution and habitat
Philippines (off Bohol, Cebu, Mindanao), depth range
180-240 m.

Remarks

The fossil Costapex elatior (Finlay, 1924) (Mitra ela-
tior Finlay, 1924; middle Miocene of New Zealand)
most resembles Costapex martinorum, but the latter
is sculptured by beaded spiral cords, whereas these
are attened in Costapex elatior. Apart from that,
the dominating sculpture of early spire whorls is
opisthocline ribs in Costapex martinorum, whereas
in Costapex elatior the axial sculpture is weak or
absent on early spire whorls. Among recent species,
Costapex exbodi sp. nov. is probably closest to Costa-
pex martinorum in overall shell morphology and
sculpture pattern; however, Costapex martinorum
has a more elongate shell with narrower aperture. In
sculpture pattern, Costapex martinorum is also close
to Costapex sulcatus sp. nov. and Costapex margari-
tatus sp. nov., but the latter two are notably smaller,
never exceeding 11 mm in length, and are thin
shelled. Moreover, Costapex sulcatus sp. nov.

possesses a characteristic subsutural groove that is
missing in Costapex martinorum.

COSTAPEX EXBODI SP. NOoV. FEDOSsov,
HERRMANN & BOUCHET
FiGure 17H, I

Type data

Holotype: MNHN 1M-2013-40626, New Caledonia,
off Yate, 22°06S, 167°06 E, 325-346 m (EXBODI,
station CP3835), lv, 22.05 mm (Fig. 17H, 1).

Diagnosis
Shell medium sized, widely fusiform, with straight
tapering siphonal canal and very wide aperture.
Early spire whorls sculptured with dense prosocline
rounded axial ribs, overridden by low, broad, and
attened cords that together form beaded sculpture
with moderately deep square interspaces. Adapical
portion of last adult whorl with seven continuous spi-
ral cords, axial sculpture of ne very dense collabral
riblets, pronounced in interspaces between spiral
cords. Shell base extended towards siphonal canal,
without distinct waist. Outer lip evenly convex,
nely lirate inside, inner lip with four oblique col-
umellar folds, adapicalmost strongest. Coloration of
nebulous brown bands on tan background.

Description

Shell medium sized, widely fusiform (w/h 0.39; a/h
0.52), with orthoconoid spire and wide aperture. Pro-
toconch missing in the single specimen examined.
Teleoconch of 6.5 whorls, separated by deeply
impressed suture. First two spire whorls with at-
tened pro le, succeeding whorls evenly convex. Shell
base long, gradually extending to straight, tapering
siphonal canal. Early spire whorls sculptured with
dense prosocline rounded axial ribs, overridden by
low, broad, attened cords ( ve on second and third
spire whorls), together forming beaded sculpture
with moderately deep square interspaces. First
adapical cord followed by slightly widened inter-
space. Adapical portion of last adult whorl with
seven continuous, only slightly undulating, spiral
cords, axial sculpture of ne, very dense, collabral
riblets, pronounced in interspaces between spiral
cords. Interspaces between spiral cords becoming
gradually wider on shell base towards siphonal
canal. Aperture wide, with evenly convex outer lip,
with 20 + very ne lirae inside. Inner lip with four
oblique columellar folds, adapicalmost fold strongest.
Background colour tan with large nebulous brown
bands throughtout shell surface. Inside of aperture
white.
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Radula (of holotype, Fig. 16G): Radula exceeding
0.4 mm in length and about 0.14 mm wide; unfolded
fragment consisting of 26 rows. Rachidian with
narrow base and three rather closely set cusps, of
which the central cusp is strongest. Basal parts of
cusps partly fused together to form short medial
projection. Lateral teeth sickle-shaped, unicuspidate.

Distribution and habitat
Off Yate, New Caledonia, 325-346 m.

Etymology

The species is named after the fruitful 2011 expedi-
tion EXBODI in deep water off New Caledonia, in
the course of which a single specimen was taken.
Used as a noun in apposition.

Remarks

Two species, the recent Costapex martinorum and the
fossil Costapex elatior, are closest to Costapex exbodi sp.
nov.; however, Costapex exbodi sp. nov. can be differen-
tiated by its broader shell with notably wider aperture.
Moreover, all known specimens of Costapex elatior do
not exceed 19 mm in length (CCernohorsky, 1980). Cost-
apex joliveti is also close to Costapex exbodi sp. nov.,
although the former species is smaller, with more deli-
cate sculpture, and with narrower aperture. All other
species classi ed here in Costapex are notably smaller
and more fragile, and therefore cannot be confused with
Costapex exbodi sp. nov. With its colour pattern and
spiral elements dominating the last adult whorl, Costa-
pex exbodi sp. nov. shows a certain resemblence to spe-
cies of the mitrid genus Nebularia, Nebularia
chrysostoma (Broderip, 1836) and Nebularia ferruginea
(Lamarck, 1811), but the wider aperture, weaker, obli-
que columellar folds, and distinct lirae on the inner sur-
face of the outer aperture lip distinguish Costapex
exbodi sp. nov. from the aforementioned mitrids.

GENUS PusiA SwaAINsON, 1840

Type species: Mitra microzonias Lamarck, 1811 (M).

SUBGENUS Pusia (Pusia) Swainson, 1840
Ficures 18A-G anD 19A-C

Diagnosis

Shell small, fusiform to broadly fusiform or ovate,
last adult whorl 64-74% of shell height. Protoconch
multispiral, narrowly conical, with three or more
glossy whorls. Suture distinct, impressed. Sculpture
of dense, rounded, axial ribs on early spire whorls
(sometimes absent), turning into broad and low folds
on last teleoconch whorls; spiral sculpture of ne
regular grooves, pronounced in interstices between

axials. Shell base sculptured with several broad and

attenned, somewhat gemmate, spiral cords. Sipho-
nal canal short or very short, stout, bearing several
strong oblique cords. Aperture narrow, elongate, its
outer lip lirate within. Inner apertural lip with three
or four strong columellar folds, adapicalmost fold
strongest. Shell intensely coloured, either orange or
dark brown, with spiral row of lighter blotches on
periphery of last adult whorl. Head-foot intensely
pigmented, dark brown or black. Radula with three
teeth in each row; rachidian tricuspidate with width
of base and length of cusps of variable proportions.
Laterals sickle-shaped, unicuspidate. Seminal canal
closed.

Included species

Pusia (Pusia) microzonias (Lamarck, 1811) (Fig. 18A-
D), Pusia (Pusia) lauta (Reeve, 1845) (Fig. 18E)’
Pusia (Pusia) vassardi sp. nov. (Fig. 18F-H).t

Distribution and habitat
All over the Indo-Paci ¢ from Madagascar to French
Polynesia, in shallow water.

Remarks

The subgenus Pusia (Pusia) as de ned herein con-
tains only a handful of species, the af nities of which
are convincingly demonstrated by the molecular data
for Pusia lauta (Reeve, 1845) and Pusia vassardi sp.
nov. We suggest close relationships of these two with
Pusia microzonias (Fig. 18A-D), based on an unmis-
takable similarity in shell morphology and col-
oration, as well as in radula structure: the radula of
Pusia microzonias was studied by Risbec (1928: g.
35) and herein (Fig. 19A). As a matter of fact, the
identity of Pusia microzonias has been questioned by
Poppe et al. (2009), who suggested that the lectotype
selected by Cernohorsky (1969) from among ten syn-
types (Fig. 18A, B) with an Indian Ocean type local-
ity in fact belongs to an Atlantic species, an opinion
based on consistent conchological differences between
the lectotype of Pusia microzonias and specimens
routinely collected from the Indo-Paci ¢, and the
presence of a conchologically very similar species in
the Caribbean. Having made this conclusion, the
authors described the Indo-Paci ¢ Pusia microzo-
nias-like species as Vexillum geronimae Poppe et al.,
2009 (Fig. 18l), to which they attributed many speci-
mens from the Indo-Paci ¢ illustrated by earlier
authors as Pusia microzonias. Instead, we advocate
for an Indo-Paci c origin of the lectotype, as the
probable holotype of Tiara semiplicata Broderip,
1836 (Fig. 18C), the origin of which is more precisely
documented (Society Islands), and is undoubtedly
conspeci ¢ with the lectotype of Pusia microzonias.
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Figure 18. Pusia (Pusia) and Pusia (Ebenomitra) species. A-D, Pusia (Pusia) microzonias: A, B, Mitra microzonias, lec-
totype MNHG 1108/12/1, 18.2 mm L Ocean indien; C, Tiara semiplicata Broderip, 1836, probable holotype, NHMUK
1996421, 19.3 mm, Society Islands; D, New Caledonia, Noumea area, Lagon 1992, station 1334, 22°20.1 S, 166°23.2 E,
16 m, 12.1 mm. E, Pusia (Pusia) lauta, syntype, NHMUK 1967794, Isle of Masbate, Philippines, 13.8 mm. F-H, Pusia
(Pusia) vassardi sp. nov.: F, G, holotype, MNHN IM-2013-40682, South Madagascar, ATIMO VATAE, station TS04
25°02.3 S, 47°00.3 E, 22-24 m, 13.0 mm; H, paratype 2, South Madagascar, ATIMO VATAE, station TR02, 25°01.3 S,
47°00.5 E, 17 m, 14.6 mm. |, Pusia geronimae, holotype, NMP, Palawan, Balabac Island, 17.4 mm. K, Pusia (Ebenomi-
tra) ebenus, MNHN IM-2013-40660, off Siracusa, Sicily, 37°00.5 N, 15°18.6 E, 6-12 m, 18.2 mm. L, Pusia (Ebenomitra)
savignyi, MNHN IM-2013-40674, off Siracusa, Sicily, 37°00.5 N, 15°18.6 E, 6-12 m, 7.7 mm.

Admittedly, a Pusia-like general appearance is
widespread in shallow-water Costellariidae, in par-
ticular in species allocated here to Vexillum s.s., and
often shell morphology alone is not suf cient to tell
whether a species belongs to Pusia (Pusia) or not.
The three species here assigned to Pusia (Pusia) are
overall characterized by the same colour pattern

(which is shared with other subgenera of Pusia) and
the siphonal canal, not notched at its tip, which des-
tinguishes them from Vexillum s.s.

The species of Pusia (Ebenomitra) — see below -
are easily destinguishable by their large paucispiral
protoconch and lack of spiral sculpture. The species
of Pusia (Vexillena) are generally larger than Pusia
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Figure 19. Pusia morphology. A-C, Pusia (Pusia) radulae: A, Pusia (Pusia) microzonias, Lagon 1992, station 1334,
12.1 mm; B, Pusia (Pusia) vassardi sp. nov., holotype; C, Pusia (Pusia) lauta, MNHN IM-2013-47927. D-G, Pusia
(Ebenomitra) ebenus, off Calahanda, province of Malaga, Spain, 36°29.4 N, 04°41.8 W, 18 m, 14.35 mm: D, general mor-
phology of the body; E, mantle removed; F, anterior alimentary canal; G, radula.
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(Pusia), and are characterized by a higher spire,
although some species in these two subgenera may
be strikingly similar. Pusia (Pusia) and Pusia (Vexil-
lena) do not overlap in bathymetry: Pusia (Pusia)
inhabits shallow waters and is commonly found
intertidally, whereas Pusia (Vexillena) occurs in
depths of several hundred metres and, as far as we
know, is not found at shallower depths.

PusiA (PUSIA) VASSARDI SP. NOV. FEDOSOV,
HERRMANN & BOUCHET
FiGURe 18F-H

Type data

Holotype: MNHN IM-2013-40682, 25°02.3 S, 47°00.3 E,
22-24 m, South Madagascar, Fort-Dauphin area
(ATIMO VATAE, station TS04), lv, 13.0 mm (Fig.
18F, G).

Paratypes: Paratype 1, MNHN [1M-2000-30207,
ATIMO VATAE, station TA50, 24°59.5S, 47°06.0 E,
10 m, South Madagascar, lv, 16.8 mm; paratype 2,
MNHN IM-2000-30208, ATIMO VATAE, station
TRO02, 25°01.3 S, 47°00.5 E, 17 m, South Madagascar,
lv, 14.6 mm (Fig. 18H).

Diagnosis

Shell small to medium sized (13-14 mm), broadly
fusiform. Suture deeply impressed, spire slightly
acuminate, with spire whorls attened in outline.
Axial sculpture of dense rounded ribs with narrow
interspaces, well pronounced on spire whorls; ribs
widened on last adult whorl, vanishing below
periphery and on latest half of whorl. Interspaces
between axial ribs sculptured with low rounded
cords on early spire whorls, the pattern changes
later to multiple ne grooves, very weak on last
adult whorl. Siphonal canal short, tapering. Aper-
ture elongate, its outer lip lirate within, inner lip
with strong callosity, bearing four strong columellar
folds, adapicalmost fold strongest. Shell orange to
light brown, with darker spire and lighter spiral
band along periphery of penultimate and last adult
whorls.

Description
Shell small to medium sized, broadly fusiform (w/h
0.43; a/h 0.51), with slightly acuminated spire. Pro-
toconch missing or worn in all specimens studied.
Suture distinct, deeply impressed. Teleoconch of
about 7.5 whorls, spire whorls with attened pro-
le, sculptured with multiple, rounded orthocline
ribs (30 on fourth adult whorl) with narrow inter-
spaces. Axial ribs forming weak subsutural caps on
early spire whorls, interspaces between axials with
ve or six closely set, broad, rounded cords that are

more pronounced on early spire whorls, and become
indistinct, with only shallow grooves remaining, on
later whorls. Axial ribs broadened on penultimate
and last adult whorls, not pronounced below periph-
ery and on latest half of last adult whorl. Spiral
grooves also very weak on adapical portion and
periphery of last adult whorl. Shell base gradually
extending towards short, tapering siphonal canal,
sculptured with three very weak, vaguely gemmate,
spiral cords. Siphonal fasciole with three strong
rounded cords. Aperture elongate, with evenly con-
vex outer lip, slightly extended towards tip of sipho-
nal canal, lirate within. Inner lip with strong
callosity, bearing four strong columellar folds,
adapicalmost fold strongest, subsequent folds gradu-
ally weakening. Shell orange to light brown, with
darker spire and lighter spiral band, widened on
crests of axial ribs, at periphery of penultimate and
last adult whorls.

Radula (of holotype, Fig. 19B): Radula about
0.12 mm wide. Rachidian with wide base and three
closely set cusps, rather short and stout. Laterals
strong, sickle shaped, unicuspid.

Distribution and habitat
Known only from Southern Madagascar, in shallow
water, depth range 15-24 m.

Etymology

The new species is named after Emmanuel Vassard,
who has used his diving skills on multiple MNHN
expeditions, among others the ATIMO VATAE expe-
dition to the Deep South of Madagascar.

Remarks

Pusia vassardi sp. nov. resembles the type species
Pusia microzonias, as well some Pusia (Vexillena)
species, like Pusia balutensis, Pusia jenyai sp. nov.,
and Pusia dautzenbergi, primarily in shell propor-
tions and colour pattern; however, Pusia vassardi sp.
nov. can be easily distinguished from Pusia microzo-
nias by its lighter and stouter shell with proportion-
ally higher last adult whorl. Pusia vassardi sp. nov.
is easily separated from species of Pusia (Vexillena)
by the characteristic dark spire and weakly sculp-
tured last adult whorl. Apart from that, Pusia vas-
sardi sp. nov. can be readily distinguished from
Pusia balutensis by the smaller shell, attened out-
line of spire whorl, and notably widened axials on
last adult whorl, and also by the dark color of the
spire. Similarly, Pusia jenyai sp. nov. is recognized
by its distinct, though very wide and attened, axials
that extend to shell base. Pusia dautzenbergi has a
higher spire and stronger axials; however, paratype
5 of the latter species from the Philippines shows an
extraordinary resemblance to Pusia vassardi sp. nov.
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Finally, Vexillum geronimae resembles Pusia vas-
sardi sp. nov. in proportions and colour pattern, but
the robust base and deeply notched siphonal canal,
commonly found in true Vexillum species, are dis-
tinctive.

SUBGENUS PusIA (EBENOMITRA) MONTEROSATO,
1917
Ficures 18H, | anD 19D-G

Type species: Mitra ebenus Lamarck, 1811 (SD,
Coan, 1966: 130).

Synonyms

Pusiola Monterosato, 1912 (invalid: junior homonym
of Pusiola Wallengren, 1863 [Lepidoptera]; Pusiolina
Cossmann, 1821 is a replacement name); type species
Voluta tricolor Gmelin, 1791 (SD: Lamy, 1920: 316).
Pusiolina Cossmann, 1921; type species Voluta tri-
color Gmelin, 1791 (type by typi cation by replaced
name).

Diagnosis

Shell small, turriform or fusiform to widely fusi-
form, polished and glossy. Protoconch bulbous, pau-
cispiral, with about two glossy whorls. Teleoconch
of up to 7.5 moderately or strongly convex whorls.
Early spire whorls with strong ribs or very strong
and wide folds; later whorls with strong wide folds
vanishing below periphery of last adult whorl, or
smooth; spiral sculpture not pronounced.
Microsculpture of ne dense collabral growth lines.
Siphonal canal short to moderately long, sculptured
with between two and four strong oblique cords.
Aperture ovate to elongate, sometimes constricted
towards siphonal canal; outer aperture lip lirate
within. Inner apertural lip with three strong obli-
que columellar folds, adapicalmost fold strongest.
Shell light brown to almost black, with lighter spi-
ral band on shell periphery.

Anatomy
Pusia (Ebenomitra) ebenus, off Calahonda, prov.
Malaga, Spain, 36°29.4N, 04°41.8W, 18 m,

14.35 mm (Fig. 19D-G).

Head-foot with intense black pigmentation, head
with eyes situated laterally at the base of tentacles
(Fig. 19D). Seminal groove closed along its entire
length (Fig. 19E). Proboscis moderately long, occupy-
ing about two-thirds of rhynchocoel length; proboscis
retractors represented by two strong muscular bun-
dles attached laterally to rhynchodaeum (Fig. 19F).
Radular sac situated within the proboscis, occupying
about half of its length. Radula triserial with wide
tricuspidate rachidian, and strong unicuspidate lat-
erals (Fig. 19G). Salivary gland white, with two

ducts adjoining oesophagus anterior to valve of Lei-
blein. Bulky gland of Leiblein rather small, pale,
translucent. Mid-oesophagus notably widened, obvi-
ously glandular.

Included species

Pusia (Ebenomitra) ebenus (Lamarck, 1811),' Pusia
(Ebenomitra) granum (Forbes, 1844),> Pusia
(Ebenomitra) savignyi (Payraudeau, 1826),' Pusia
(Ebenomitra) tricolor (Gmelin, 1791).2

Distribution and habitat
Mediterranean at subtidal depths.

Remarks

The species of Ebenomitra (as de ned here) are char-
acterized by a paucispiral protoconch that is indica-
tive of non-planktotrophic larval development - a
character unique among species of Pusia. Ebenomi-
tra species are the only costellariid species recorded
in the Mediterranean, and their range does not over-
lap with the ranges of the other two subgenera of
Pusia, or of other costellariid lineages. Overall,
Ebenomitra shells, with their bulbous protoconch
and axial sculpture alone (if any), super cially
resemble Austromitra; however, these two groups
are apparently not related, and occur far apart in
different hemispheres.

SUBGENUS PUSsIA (VEXILLENA) SUBGEN. NOV.

Type species: Vexillum balutense Herrmann, 2009.

Diagnosis

Shell small to medium sized, fusiform. Protoconch
conical, with 3.5 or more glossy, weakly convex
whorls, orange or light brown, translucent. Early
spire whorls usually slightly attened, later evenly
convex, suture distinct, impressed. Axial sculpture
of ne and dense, sometimes strong and evenly
spaced ribs, or sometimes absent on late teleoconch
whorls. Spiral sculpture of dense ne grooves, pro-
nounced in interspaces between axials, and irregu-
lar grooves on shell base, or sometimes absent.
Siphonal canal rather long, straight, aperture with
three or four distinct columellar folds, adapicalmost
fold strongest. Shell intensely coloured with some-
times intricate pattern of light brown or orange
blotches. Head-foot pale, with occasional dark
blotches and bands on the dorsal surface of foot.
Eye tentacles rather long, thin, with basal eyes.
Radula rachiglossate with tricuspidate rachidian
often bearing small accessory cusps anking the
central major cusp; laterals simple, sickle-shaped
unicuspidate. Buccal mass encloses delicate horse-
shoe-shaped jaw.
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Included species

Pusia (Vexillena) balutensis (Herrmann, 2009) comb.
nov.,® Pusia (Vexillena) choslenae (Cernohorsky,
1982) comb. nov.! Pusia (Vexillena) dautzenbergi
(Poppe et al., 2006) comb. nov.,2 Pusia (Vexillena) el-
liscrossi (Rosenberg & Salisbury, 1992) comb. nov.,?
Pusia (Vexillena) jenyai sp. nov.,' Pusia (Vexillena)
johnwolf  (Herrmann & Salisbury, 2012) comb.
nov.,> ?Pusia (Vexillena) vicmanoui (Turner & Mar-
row, 2001) comb. nov.?

Distribution and habitat

West Paci c, from Japan and the Philippines to New
Caledonia and the Coral Sea; at depths greater than
200 m.

Etymology
The name Vexillena is selected to convey the general
similarity of this subgenus to Vexillum.

Remarks
Species of Pusia (Vexillena) subgen. nov. share a
characteristic colour pattern of spirally and axially
aligned brown blotches delineated by narrow lighter
bands, or the entire shell is coloured brown, bear-
ing spiral line or series of lighter blotches slightly
above the periphery of the whorls. The larger size
and relatively higher spire normally allow the dis-
tinction of Pusia (Vexillena) from Pusia (Pusia);
however, the delineation of the subgenera Pusia
(Vexillena) and Pusia (Pusia) is somewhat hazy, as
some species of the two subgenera are very close in
shell proportions, sculpture, and coloration. All
studied species of Pusia (Vexillena) are character-
ized by the rachidian with two minor cusps ank-
ing the central major cusp; in Pusia (Pusia) and
Pusia (Ebenomitra), these minor cusps are absent.
Therefore, these cusps may be considered an apo-
morphy of the Vexillena clade. It is also noteworthy
that all known species of Pusia (Vexillena) inhabit
depths greater than 200 m (usually 300-500 m),
and thus do not overlap with Pusia (Pusia) species
in bathymetry.

Equally dif cult to distinguish are Pusia (Vexil-
lena) subgen. nov. and Tosapusia. Although in most

cases the well-developed colour pattern of the shell
distinguishes Pusia (Vexillena) subgen. nov., in other
characteristics the two groups are close, with shells
varying from elongate [Tosapusia isaoi vs. Pusia
(Vexillena) vicmanoui] to rather broad [Tosapusia
vityaz sp. nov. vs. Pusia (Vexillena) balutensis], and
with remarkably similar sculpture patterns. Consis-
tent differences between the two groups are found in
radular morphology, as rachidians of Pusia (Vexil-
lena) subgen. nov. species have characteristic minor
cusps. Shells in Vexillena subgen. nov. also have a
longer siphonal canal, resulting in a more fusiform
and typically more solid shell, compared with species
of Alisimitra gen. nov.; moreover, live or fresh speci-
mens of Vexillena subgen. nov. have a distinctive
shell colour pattern, not observed in Alisimitra gen.
nov. Finally, Costapex gen. nov. differs from Vexil-
lena subgen. nov. in having generally smaller shells,
with overall dominating spiral sculpture. Moreover,
the adapicalmost columellar fold is notably stronger
than the succeeding folds in all species of Vexillena,
whereas in species of Costapex gen. nov. the columel-
lar folds are subequal. Finally, species of Vexillena
spp. can be easily distinguished from Vexillum by
the shape of the siphonal canal, which is usually dee-
ply notched in Vexillum and straight or very shal-
lowly notched in Vexillena.

PusiA (VEXILLENA) BALUTENSIS (HERRMANN,
2009) comB. Nov.
Ficure 20A-C

Vexillum (Costellaria) balutensis Herrmann, 2009:
36, gs1,?2.

Type data

Holotype: SMNS, Philippines, Mindanao, off Balut,
deep water, crabbed, 39.8 mm (Fig. 20A, B).
Paratype: Collection Manfred Herrmann, type
locality, 43.5 mm.

Material examined

Type material: Papua New Guinea, BIOPAPUA,
station CP3747, 05°33S, 153°59E, 458 m, 1 Iv
(MNHN IM-2013-40637, 34.8 mm, Fig. 20C).

Figure 20. Pusia (Vexillena) species. A-C, Pusia (Vexillena) balutensis: A, B, holotype, SMNS, Philippines, Mindanao,
off Balut Island, deep water, 39.8 mm; C, MNHN IM-2013-40637, Papua New Guinea, BIOPAPUA, station CP3747,
05°33 S, 153°59 E, 458 m, 34.8 mm; D-F, Pusia (Vexillena) jenyai sp. nov.: D, E, holotype, MNHN IM-2007-32136,
New Caledonia, Chester eld Plateau, EBISCO, station DW2607, 19°33 S, 158°40 E, 400-413 m, 23.6 mm; F, paratype,
MNHN 1M-2007-30128, Coral Sea, Banc Nova, EBISCO, station DW2528, 22°49 S, 159°23 E, 320-345 m, 18.25 mm. G-
K, Pusia (Vexillena) choslenae: G, H, paratype 2, AMS C.133281, New Caledonia, off Isle of Pines, 370 m, 32.7 mm; I,
New Caledonia, EXBODI, station DW3859, 22°20 S, 169°01 E, 350-388 m, Banc de | Orne/Walpole, 15.25 mm; K, MNHN
IM-2007-38378, New Caledonia, EXBODI, station CP3826, 21°52 S, 166°51 E, 354-509 m. L-N, Pusia (Vexillena) radu-
lae: L, Pusia balutensis, MNHN IM-2013-40637; M, N, Pusia choslenae, New Caledonia, EXBODI, station 3826, 21°52 S,

166°51 E, 354-509 m, 13 mm; M, radula; N, jaw.
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Diagnosis of 1.5-2.0 smooth yellowish whorls. Teleoconch of
Shell fusiform, reaching about 44 mm in length, with eight or nine convex, axially ribbed whorls, with
moderately long, tapering siphonal canal. Protoconch orthoconoid or slightly concave spire. Suture distinctly
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canaliculated, giving the spire a somewhat stepped
appearance. Penultimate whorl with up to 40 thin,
rounded, axial ribs with very narrow interspaces.
Axial ribs broader and slightly attened on last adult
whorl. Adapical portion of late teleoconch whorls with
between two and ve ne, rather shallow, grooves
intersecting axial ribs. Shell base nearly smooth.
Siphonal fasciole with seven or eight widely spaced
rounded spiral cords. Aperture rather wide, about half
the shell length. Inside of outer lip with between ten
and 13 lirations. Columella with four strong folds.
Siphonal canal slightly curved upwards.

Radula (MNHN 1M-2013-40637, Fig. 20L): Radula
about 1.2 mm long and 0.17 mm wide, consisting of
about 80 rows. Rachidian with rather wide, bow-
shaped base, bearing three widely spaced, major
cusps, also separated by depression on rachidian
base. Central cusp fringed by two minor projections
that are slightly elevated over the tooth surface.
Laterals sickle-shaped, unicuspidate.

Distribution and habitat
Philippines and Papua New Guinea (Solomon Sea) in
deep water.

Remarks

Pusia balutensis can be easily recognized by the spi-
ral sculpture of ne cords limited to the adapical
quarter of teleoconch whorls. Pusia vassardi sp. nov.,
which is close to Pusia balutensis in shell propor-
tions and coloration, is notably smaller and has
much weaker sculpture on the last adult whorl. Two
other similar species from the West Paci ¢, Pusia
johnwolf (Herrmann & Salisbury, 2012) and Pusia
vicmanoui (Turner & Marrow, 2001), have both more
slender shells and stronger spiral elements through-
out the whorl height that are only pronounced in
interspaces between axial ribs.

PusiA (VEXILLENA) JENYAI SP. NOvV. FEDOsOV,
HERRMANN & BOUCHET
Ficure 20D-F

Type data

Holotype: MNHN 1M-2007-32136, Coral Sea,
Chester eld Plateau, 19°33S, 158°40 E, 400-413 m
(EBISCO, station DW2607), lv, 23.6 mm (Fig. 20D, E).
Paratype: MNHN 1M-2007-30128, Coral Sea,
EBISCO, station DW2528, 22°49 S, 159°23 E, 320-
345 m, Banc Nova, lv, 18.25 mm (Fig. 20F).

Diagnosis

Shell medium sized, fusiform, with acuminate spire
and rather short, tapering siphonal canal. Protoconch
pale, pointed, with two or more smooth whorls.

Teleoconch of between six and eight whorls, early
spire whorls with atenned periphery, later whorls
gently convex. Suture distinct. Sculpture of very clo-
sely set, broad, and attened axial ribs, separated by
narrow interspaces with ne spiral cords. Shell base
evenly convex, with stronger and somewhat irregular
spiral cords. Siphonal canal short and robust. Outer
lip straight adapically and convex below its mid-
height; inside of outer lip with ne lirae. Inner lip with
four strong columellar folds. Shell brown with darker
spiral band on whorl periphery, bearing series of
irregular white blotches. Early spire whorls with pale
spiral ribs and brown interspaces between them.

Description

Shell medium sized, fusiform (w/h 0.39-0.49; a/h 0.48-
0.56), with acuminate apex and rather broad aperture.
Protoconch pale, pointed, with two or more adpressed
smooth whorls. Teleoconch of eight evenly convex
whorls, suture distinct, impressed, with narrow sub-
sutural shelf giving the spire a slightly stepped out-
line. First three spire whorls with steeper outline,
sculptured by distinct rounded ribs (17 on third teleo-
conch whorl), interspaced by depressions of equal
width. Later whorls with rather wide and low, slightly
prosocline folds (36 on last adult whorl). Interspaces
between axial folds rather narrow, dashed in appear-
ance, reminiscent of ne, evenly distanced spiral
cords. Axial folds wide and attened on adapical por-
tion of last adult whorl, gradually narrowing below its
periphery and fading entirely on shell base. Ten,
rather widely interspaced, spiral cords on adapical
portion and periphery of last adult whorl, succeeded
by 14, more densely set, cords on shell base. Lower ve
spiral cords of shell base stronger than preceding
cords, slightly wavy, followed by notably coarser and
more spaced cords on siphonal canal. Siphonal canal
stout, moderately long, with distinct fasciole. Aperture
rather wide, elongate, its outer lip thin, with distinct
subsutural sinus. In apertural view, orientation of
outer lip coaxial adapically and convex below its mid-
height. Inner lip with well-developed secondary callus,
bearing four strong columellar folds, adapicalmost fold
strongest. Background colour light brown with darker
spiral band on whorl periphery, decorated by spirally
aligned white blotches of irregular size. Early spire
whorls with pale spiral ribs and brown interspaces
between them.

Distribution and habitat
Coral Sea: Banc Nova and Chester eld Plateau, 345-
400 m.

Remarks
Pusia (Vexillena) dautzenbergi is closest to Pusia
jenyai sp. nov. in overall shell morphology, but the
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latter can be easily distinguished by its very dense,
wide, and attened axial ribs, and distinctively
acuminate spire outline. Some species referable to
Pusia, like Pusia lauta and Vexillum consanguineum
(Reeve, 1845), super cially resemble Pusia jenyai sp.
nov.; however, they both have rather ovate shells
with lower spire and proportionally higher last adult
whorl.

Etymology
The species is named after Jenya Fedosov, the
6-year-old nephew of the rst author.

PusiA (VEXILLENA) CHOSLENAE
(CERNOHORSKY, 1982) comB. NoOV.
FicUrReE 20G-K

Vexillum choslenae Cernohorsky, 1982b: 109-111;
gs 1-6.

Type data

Holotype: AM 71368, Japan, Tosa, 128 m, 30.8 mm,
probably lost.

Paratypes: Paratype 1, formerly in collection A.
Choslen, current whereabouts unknown, type locality,
30.9 mm; paratype 2, AMS C-133281 (formerly in
AMS, at present housed in AM), New Caledonia, Isle
of Pines, 22°52 S, 167°35.5 E, 370 m, bottom of large
slabs of beach rock, 32.7 mm (Fig. 20G, H).

Material examined

New Caledonia: Typical form: EXBODI, station
DW3850, 22°18 S, 168°44 E, 450-500 m, Banc Sud
Durand, 1 Iv (17.1 mm); EXBODI, station CP3826,
21°52'S, 166°51E, 354-509 m, off Ounia, 1 v,
(15.85 mm); EXBODI, station DW3859, 22°20S,
169°01 E, 350-388 m, Banc de | Orne/Walpole, 1 Iv
(15.25 mm; Fig. 201). Smooth form: EXBODI, station
CP3826, 21°52 S, 166°51 E, 354-509 m, off Ounia, 2
Iv (MNHN IM-2007-38378, 13.0 mm; Fig. 20K).

Diagnosis

Shell medium sized, elongate-fusiform (w/h 0.33-0.38;
a/h 0.48-0.5), with orthoconoid spire and rather long,
stout siphonal canal. Protoconch orange, conical, with
four or more glossy gently convex whorls. Teleoconch
of up to ten evenly convex whorls. Suture distinct, nar-
rowly canaliculated. Sculpture of dense, rounded,
orthocline ribs, well pronounced on spire whorls and
usually vanishing later, with last adult whorl nearly
smooth. Interspaces between axial ribs typically with
distinct rounded cords; squarish deep interstices
between cords clearly seen on spire whorls and becom-
ing very faint on last adult whorl. Last adult whorl
evenly convex in its upper portion; shortly constricted
to straight, rather long and stout, widely open

siphonal canal. Siphonal fasciole with six or seven at-
tened cords. Aperture elongate, its outer lip lirate
within, notably drawn towards tip of siphonal canal,
forming slight concavity in its abapical portion. Inner
lip with four columellar folds, uppermost strongest,
subsequently gradually weakening. Shell colour
orange brown with a white peripheral band on the
spire whorls and a second white band on the last adult
whorl, white and dark brown axial streaks.

Radula (EXBODI, station CP3826, 13.0 mm
Fig. 20M): Radula exceeding 0.4 mm in length,
0.08 mm wide, formed by about 43 + rows. Rachidian
tricuspidate, with rather narrow base and robust
pointed cusps. Some rachidians bear a pair of very
feeble intermediate cusps, situated in interspaces
between the major cusps. Laterals sickle-shaped,
unicuspidate. Buccal mass encloses a soft hitinous
horseshoe-shaped jaw (Fig. 20N).

Distribution and habitat
Japan and New Caledonia, in deep water.

Remarks

Pusia (Vexillena) choslenae shows notable varia-
tions in sculpture and also in shell proportions.
The typical form, distributed from Japan to New
Caledonia, is characterized by a well-developed can-
cellate sculpture, which becomes indistinct only on
late teleoconch whorls of adult specimens; a speci-
men studied herein (Fig. 201) is closest in morphol-
ogy to the holotype and paratype 1. A smooth
form, represented by paratype 2 (Fig. 20G, H) and
a sequenced specimen (MNHN [M-2007-38378), is
found off New Caledonia. In addition to a weakly
developed sulpture with indistinct spiral elements,
this form has a slightly acuminate spire and is
overall slightly wider than the typical form; how-
ever, specimens of intermediate morphology, with
well-developed sculpture, rather wide last adult
whorl, and acuminate spire, are present in our
material. Having at present sequenced only one
specimen, we assume that the observed morphologi-
cal disparity only represents within-species
variation.

Typical Pusia choslenae resemble Pusia vicmanoui
in shell proportions, sculpture, and colour pattern,
but can be distinguished from Pusia vicmanoui by a
rather weak sculpture on the last adult whorl and
the morphology of the subsutural area, smooth in
Pusia choslenae, but undulating in Pusia vicmanoui
because of axial ribs slightly projecting adapically.
Adult Pusia (Vexillena) choslenae can be easily
distinguished from other Vexillena species by the
smooth or weakly sculptured late adult whorls.
Specimens of Pusia (Vexillena) choslenae from New
Caledonia (Fig. 20K) often show a more pronounced
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Figure 21. Pusia (Vexillena) species. A, B, Pusia (Vexillena) elliscrossi, holotype, BPBM 219991, Hawaii, Oahu, off Wai-
kiki, 180 m, sand bottom, 18.5 mm. C, D, Pusia (Vexillena) dautzenbergi, holotype NMP, Philippines, Bohol Sea, off Ali-
guai Island, 60-150 m, 27.7 mm. E-H, Pusia (Vexillena) johnwolf : E, F, holotype, NMBE 28751/1, Philippines,
Balicasag Island, 180 m, 30.1 mm; G, MNHN IM-2007-32140, Coral Sea, Banc Kelso, EBISCO station DW2513, 24°06 S,
159°42 E, 280-500 m, 21.0 mm; H, MNHN IM-2007-30072, Coral Sea, south Lansdowne, EBISCO, station 2632, 21°05 S,
160°45 E, 297-378 m, 21.2 mm. |, K, Pusia (Vexillena) vicmanoui, topotype, collection Manfred Herrmann, Philippines,

Mindanao, Davao Bay, off Talikud Island, sandy mud at 210 m, 53.6 mm.
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sculpture; however, this tends to vanish on late
teleoconch whorls.

PusiA (VEXILLENA) ELLISCROSSI (ROSENBERG &
SALISBURY, 1991) comB. NOV.
FiGUure 21A, B

Vexillum elliscrossi Rosenberg & Salisbury, 1991:
149-151; gs 6-9.

Type data

Holotype: BPBM 219991, Pele 1965, Hawaii, Oahu,
off Waikiki, 180 m, sandy bottom, 185 mm
(Fig. 21A, B).

Paratypes: Paratypes 1-5 as listed by Rosenberg &
Salisbury (1991).

Material examined
Holotype.

Diagnosis

Shell small, solid, broadly fusiform, of up to eight
subcylindrical spire whorls. Suture deep incised,
channelled. Sculpture of strong, slightly prosocline
axial ribs, crossed by much ner spiral grooves,
which are well pronounced in the depressions
between axials. Last adult whorl evenly convex,
siphonal canal moderately long, stout, and tapering.
Aperture rather narrow; outer lip lirate inside,
inner lip with four strong columellar folds. Shell
colour white with wide brown band on whorl
periphery and narrower weaker bands adapically
and on shell base.

Distribution and habitat
Hawaiian Islands, depth range 90-180 m.

Remarks

Among Pusia (Vexillena) species, Pusia johnwolf
most resembles Pusia elliscrossi in both shell pro-
portions and colour pattern; however, shells of
Pusia elliscrossi are notably stouter, and not as
elongate as Pusia johnwolf . The other notable dif-
ference between the two species is in colour pat-
tern: whereas Pusia johnwolf bears three equally
wide bands on its last adult whorl, the major band
on the shell periphery of Pusia elliscrossi notably
exceeds the others in width. Two other Pusia
(Vexillena) species, Pusia balutensis and Pusia
choslenae, are close to Pusia elliscrossi in overall
shell shape; however, both can be distinguished by
the sculpture pattern: Pusia balutensis is sculp-
tured with axial elements only, and they are den-
ser than those in Pusia elliscrossi; whereas Pusia
choslenae lacks any sculpture on late teleoconch
whorls whatsoever.

PusiA (VEXILLENA) DAUTZENBERGI (POPPE,
GUILLOT DE SUDUIRAUT & TAGARO, 2006)
COMB. NOV.

Ficure 21C, D

Vexillum (Costellaria) dautzenbergi Poppe, Guillot de
Suduiraut & Tagaro, 2006: 107; pl. 3, gs 2-4.

Type data

Holotype: NMP, Philippines, Mindanao,
Aliguay Island, 27.7 mm (Fig. 21C, D).
Paratypes: All from type locality; paratype 1, collection
Sandro Gori (formerly collection Guillot de Suduiraut),
25.0 mm; paratypes 2-5, collection Conchology Inc.,
24.1, 23.2, 22.1, and 24.3 mm, respectively (illustrated
in Poppe, Tagaro & Martin, 2008).

Dipolog,

Material examined

Topotype, collection Manfred Herrmann, Philippines,
Mindanao, Dipolog, Aliguay Island, 240-280 m,
26.7 mm; further material from Balicasag Island and
Mactan Island (26-28 mm).

Diagnosis
Shell small to medium-sized, solid, broadly fusiform.
Spire orthoconoid or slightly acuminate, with ve to six
whorls, suture distinct, impressed. Early spire whorls
with attened outline, penultimate and last adult
whorls slightly evenly convex. Sculpture of strong,
rounded axial ribs, closely set on spire whorls, and more
widely spaced on last adult whorl. Interspaces between
axial ribs sculptured with ne regular spiral grooves.
Siphonal canal moderately long, tapering, sculptured
with between ve and seven strong rounded cords, the
adapical two cords sometimes gemmate. Aperture elon-
gate, inside of outer lip with ne lirae, inner lip with
ve strong folds, adapicalmost fold strongest. Early
three or four spire whorls and tip of siphonal canal
white, later whorls brown with narrow white periph-
eral band, which is widened on crest of axial ribs.

Distribution and habitat
Known from the Philippines (Bohol Sea), depth
range 150-240 m.

Remarks

Among Vexillena species, Pusia dautzenbergi most
resembles Pusia johnwolf . Although they can be
distinguished by shell proportions and some minor
features (see Herrmann & Salisbury, 2012), robust
criteria allowing their sure delimitation throughout
their ranges are yet be established (see below).
Another species resembling Pusia dautzenbergi is
Pusia vicmanoui, but the latter has a larger and
much more slender shell with stronger spiral sculp-
ture formed by evenly spaced spiral cords rather
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than grooves. Pusia jenyai sp. nov. also resembles
Pusia dautzenbergi; however, it has characteristic,
very closely set, distinctly attened axial ribs and
spiral sculpture of ne cords.

PusiA (VEXILLENA) JOHNWOLFFI (HERRMANN &
SALISBURY, 2012) comB. NOV.
FIGURE 21E-H

Vexillum (Costellaria) johnwolf Herrmann & Salis-
bury, 2012: 138; gs 43-48.

Type data

Holotype: NMBE 28751/1, Philippines,
Island, 180 m, 30.1 mm (Fig. 21E, F).
Paratypes: Paratypes 2-5, in private collections,
Balicasag Island, 24.8-29.7 mm; paratypes 6-12, in
private collections, other Philippine locations, 11.7-
29.3 mm; paratype 13, MNHN IM-2012-8, Wallis &
Futuna, 20.1 mm,; paratypes 14-16, MNHN IM-2012-9-
11, French Polynesia, 11.1-13.7 mm, paratypes 17-19,
MNHN IM-2012-12-14, Solomon Islands, 9.0-13.3 mm.

Balicasag

Other material examined

New Caledonia, Coral Sea: MNHN IM-2007-32140,
Banc Kelso, EBISCO, station DW2513, 24°06S,
159°42 E, 280-500 m, lv, 21.0 mm (Fig. 21G); MNHN
IM-2007-30072, South Lansdowne, EBISCO, station
DW2632, 21°05 S, 160°45 E, 297-378 m, lv, 21.2 mm
(Fig. 21H); MNHN IM-2007-30117, Banc Nova,
EBISCO, station DW2528, 22°49 S, 159°23 E, 320-
345 m, lv, 17.2 mm.

Diagnosis

Shell medium-sized, elongate-fusiform, suture dis-
tinct and undulate, shoulder rounded. Up to nine
slightly convex to subcylindrical spire whorls sculp-
tured with strong axial ribs, crossed by ne spiral
lirae. Axial ribs becoming obsolete on siphonal fasci-
ole, which is sculptured by strong spiral cords that
are a continuation of columellar folds. Aperture
strongly lirate inside, small parietal tooth near anal
sulcus, four or ve columellar folds. Shell colour
warm brown with two or three white bands on the
last adult whorl, the rst and largest band on whorl
periphery, often bordered by two dark chocolate lines.

Distribution and habitat

West and South Paci ¢ from the Philippines, Solo-
mon Islands, Coral Sea, Wallis & Futuna to French
Polynesia, depth range 180-320 m.

Remarks

There seems to be some geographical variation
between specimens from the Philippines and those
from the South Paci ¢, as well as among specimens

from the same area. For example, specimen MNHN
IM-2007-32140 (Banc Kelso) is notably narrower
than MNHN IM-2007-30072 (South Lansdowne),
with a higher aperture and less convex last adult
whorl. Both specimens are from the Coral Sea and
differ from the holotype in spire height and colour
pattern. At the same time, they resemble the speci-
mens from the Solomon Islands and French Polyne-
sia, as depicted by Herrmann & Salisbury (2012).
Finally, paratype 1 is somewhat intermediate in
morphology between the holotype and the specimens
from South Paci ¢ localities. Pusia (Vexillena)
dautzenbergi is undoubtedly most similar to Pusia
johnwolf , and essentially falls in the range of varia-
tion illustrated for Pusia johnwolf . In particular,
the specimens of Pusia johnwolf examined here are
in some features closer to the holotype of Pusia
dautzenbergi. Molecular data are needed to ensure
an accurate delimitation of the two species and to
con rm their status. Pusia johnwolf also resembles
Pusia elliscrossi, but it is more elongate and thin-
shelled; the two species also show consistent differ-
ences in colour pattern (see above). Pusia johnwolf

can be readily differentiated from Pusia (Vexillena)
balutensis and Pusia (Vexillena) vicmanoui by the
rather attened pro le of the spire whorls and the
more widely spaced axial ribs.

PusIA (VEXILLENA) VICMANOUI (TURNER &
Marrow, 2001) comB. Nov.
Ficure 211, K

Vexillum (Costellaria) vicmanoui Turner & Marrow,
2001: 49, g¢s 12, 13.

Type data

Holotype: MHNG 29816, Philippines, Mindanao, off
Talikud Island, 130-150 m, 50.3 mm.

Paratypes: Three adult paratypes from the
Philippines in private collections, 46.6-48.6 mm; a
further 17 paratypes (<30 mm) from the Philip-
pines and Japan belong to Pusia dautzenbergi, see
below.

Material examined

Topotype, collection Manfred Herrmann, Philippines,
Mindanao, Davao Bay, off Talikud Island, sandy
mud at 210 m, 53.6 mm (Fig. 211, K). French Polyne-
sia, Austral Islands, Rimatara, Benthaus, station
DW2020, 22°37S 152°49W, 920-930m, 1 dd
(26.2 mm); station DW2021 22°37 S, 152°49 W, 1200-
1226 m, 1 dd (20.1 mm).

Diagnosis
Shell large, elongate-fusiform, with high and
straight-sided spire, and long and sharp-edged
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siphonal canal. Up to 11 slightly convex spire whorls,
sculptured with slender axial ribs, crossed by ne
spiral and elevated cords. Axial ribs becoming obso-
lete on anterior half of the last adult whorl. Siphonal
fasciole with seven to eight at oblique cords. Aper-
ture narrow, strongly lirate within, anal notch sharp
and narrow, parietal callus on the parietal side, four
columellar folds. First three to four spire whorls
white, later whorls medium brown with a lighter
anterior half of the last adult whorl; white peripheral
band on all whorls with two more white bands on
the anterior half of the last adult whorl, one of them
often nearly invisible; irregular white streaks pre-
sent on the top of the ribs.

Distribution and habitat
Philippines (Mindanao, off Talikud) and French Poly-
nesia (Austral Islands), 150-210 m.

Remarks

Pusia vicmanoui can be readily recognized among
other Pusia (Vexillena) species by its large slender
shell with long siphonal canal and strong spiral
cords that sometimes override the axial ribs. In shell
proportions, ne axial elements, and distinctly
canaliculated suture, Pusia vicmanoui rather resem-
bles species of Tosapusia, such as Tosapusia sauter-
nesensis or Tosapusia evelynae. Unfortunately, no
specimens of Pusia vicmanoui were available for
molecular studies, and its relationships within
Costellariidae are still to be determined. At present
we provisionally place it in Pusia (Vexillena) based
on its overall appearance and colour pattern.

GENUS TURRIPLICIFER GEN. NOV. FEDOSOV,
MARROW, HERRMANN & BOUCHET
FIGURE 22A-G

Type species: Mitra australis Swainson, 1820.

Diagnosis

Shell medium-sized, solid, fusiform to turriform, with
rather short aperture and weakly developed sculp-
ture. Protoconch bulbous, paucispiral. Teleoconch of
up to 7.5-8.0 whorls, spire whorls with attened or
gently convex outline; suture distinct, deeply
impressed. Axial sculpture represented by irregular
collabral growth lines or numerous low axial ribs;
spiral sculpture of irregular spiral cords that are
denser on adapical part of whorls and on shell base.
Periphery of last adult whorl smooth or sculptured
by indistinct ribs only. Siphonal canal stout, very
short, sometimes notched at its tip. Aperture elon-
gate, inside of outer lip smooth. Inner lip with four
distinct columellar folds, adapicalmost strongest.
Radula about 0.12-0.16 mm in width, triserial.

Rachidian tooth tricuspidate, with wide base; laterals
unicuspidate, with robust base and pointed cusp.

Anatomy
Turriplicifer australis, Western Australia, Esperance
station WEO03, 33°59.6S, 122°13.33E, 11 m,

30.0 mm (Fig. 22C-F).

General morphology: Head-foot intensely pigmented
velvet black (Fig. 22C); tentacles bearing eyes
laterally at their base; apical portion of tentacles
coloured pale. Body wall transparent with body
haemocoel organs clearly visible.

Anterior alimentary system: Proboscis long,
cylindrical, occupying almost the entire length of the
proboscis sheath (Fig. 22D). Rhynchodaeum thick,
with  multiple longitudinal muscular bundles
embedded into its wall. Two massive proboscis
retractors attached laterally to the anterior part of
the rhynhodaeum, and adjoining the columellar
muscle posteriorly. Numerous muscular bers
connecting rhynchodaeum to the body wall and other
foregut structures. Radular sac situated at proboscis
base and sticking out to the body haemocoel. Radula
about 1.1-1.2 mm long and 0.15 mm wide, bearing
about 60 transversal rows with three teeth in each
row. Rachidian tooth rather wide and robust,
bearing three closely set, short and blunt cusps in its
medial part. Laterals sickle-shaped with robust base
and one pointed cusp (Fig. 22E). Anterior
oesophagus forming a wide loop and opening into the
small, inconspicuous valve of Leiblein, which is
situated right in front of the nerve ring. Posterior to
the nerve ring, oesophagus narrowing considerably,
posterior oesophagus very thin. Salivary gland
rather small, white, situated anteriorly above the
nerve ring. Bulky gland of Leiblein positioned
dorsally from post-oesophagus, rather small, pale,
covered with a layer of connective tissue bres.
Anterior to the bulky gland of Leiblein lies a long
and strongly convoluted secondary glandular
structure.

Male reproductive system: Studied specimen a male,
with very large translucent prostatic gland (Fig. 22C),
occupying half of the whorl on the left side of mantle
cavity behind the hypobrancheal gland. Open seminal
groove running from the prostatic gland to anterior.
Penis rather small, curved, with no papilla and with
closed seminal canal.

Included species

Turriplicifer apicitinctus (Verco, 1896) comb. nov.,?
Turriplicifer australis (Swainson, 1820) comb.
nov.,> Turriplicifer sp. nov. (aff. cinnamomea, to be
named by M. Marrow; Fig. 22H, 1),* Turriplicifer
esperancensis (Marrow, 2013) comb. nov.
(Fig. 22K).2
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Figure 22. Turriplicifer gen. nov. A-G, Turriplicifer australis: A, Mitra kieneri G.B. Sowerby Il, 1874, holotype,
NHMUK 1879.2.26.128, locality unknown, 32.4 mm; B, MNHN IM-2013-40675, Western Ausralia, station WEOQS,
33°54.95 S, 121°54.6 E, 5-30 m, 33.0 mm; C, D, Western Australia, Esperance, station WEO03, 33°59.6 S, 122°13.33 E,
11 m, 30.0 mm; C, general morphology of the body (mantle removed); D, foregut anatomy; E, radula, IM-2013-40675; F,
G, southern Australia, Port Fairy, Green Island, intertidal, 20.9 mm; F, shell; G, apex morphology. H, I, Turriplicifer
sp. aff. cinnamomea, MNHN [1M-2013-40668, Western Ausralia, station WEO03, 33°59.6 S, 122°13.33 E, 11 m, 15.9 mm;
H, shell; I, radula; K, Mitra esperancensis Marrow, 2013, holotype, WAM S80373, Cape Le Grande, East of Esperance,
South-Western Australia, 24.26 mm.
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Distribution and habitat

The three species assigned to this genus occur in
near-shore habitats in Western and Southern Aus-
tralia and Tasmania, in upper subtidal depths.

Etymology

The genus name combines turris, referring to the
shell with high spire, and plicifer = bearing plicae, in
reference to the well-developed columellar folds. Gen-
der masculine.

Remarks

The morphology of Turriplicifer gen. nov. shows some
characteristic features: a weakly developed axial
sculpture, a proportionally high spire and short aper-
ture, and, most importantly, smooth inside of the
outer lip. Combined together these characters allow
an easy recognition of Turriplicifer species from
among other costellariids. The rather large, weakly
sculptured shells in combination with the outer lip

lacking lirations resemble species of Mitridae, for
example Mitra glabra Swainson, 1821, or Mitra
badia Reeve, 1844; however, Turriplicifer stands
apart by the prevalence of axial elements, although
wealk, in sculpture, and the characteristic intense col-
oration of the head-foot. One more attribute (found in
Turriplicifer australis and Turriplicifer esperancen-
sis, but usually absent or strongly corroded in adult
specimens) of Turriplicifer gen. nov. is the bulbous
paucispiral protoconch (Fig. 22F, G), which indicates
non-planktotrophic larval development, a character
state shared with co-occuring Austromitra species;
however, the latter can be recognized by their smaller
and proportionally broader shells.

GENUS ORPHANOPUSIA GEN. NOV. FEDOSOV,
HERRMANN & BOUCHET
FIGURE 23A-G

Type species: Voluta patriarchalis Gmelin, 1791.

Figure 23. Orphanopusia gen. nov. A-F, Orphanopusia patriarchalis: A, MNHN 1M-2013-10241, Papua Nuigini, sta-
tion PS04, 05°10.0 S, 145°50.1 E, 12 m, 12.3 mm; B, Philippines, Bohol, off Noc-Nocan Island, 4-7 m, 20.9 mm; C-F,
MNHN IM-2013-46644, KAVIENG 2014, station KS 03, 02°33,9 S, 150°46,7 E, 8-10 m; C, D, radula; E, general morphology
of the body; F, foregut anatomy; G, Orphanopusia osiridis Egypt, Sinai peninsula, 23.5 mm, collection Manfred Herrmann.
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Diagnosis

Shell small (about 20 mm, up to 35 mm), solid,
broadly biconical, with strongly angulated whorls
and robust base. Protoconch dark brown, pointed,
with two or more smooth whorls. Teleoconch of
between ve and seven strongly shouldered whorls
of about cylindrical outline. Sculpture of strong,
widely spaced axial ribs, well pronounced at whorl
periphery and vanishing below. Adapical portions of
axial ribs form strong sharp tubercles, giving
whorls a shouldered appearance. Spiral sculpture of
ne deep grooves that are denser on shoulder slope
and more widely spaced on shell base. Shell base
very stout, with a row of gemmules about its mid-
height. Siphonal canal short and very stout, deeply
notched at its tip, sculptured with wide attened
cords somewhat tabulated in appearance. Aperture
rather low and narrow. Outer lip thick, lirate
within. Inner lip with three columellar folds, adapi-
calmost fold notably exceeding succeeding fold in
strength.

Anatomy

Orphanopusia patriarchalis, MNHN 1M-2013-46644,
KAVIENG 2014, station KS03, 02°33.9 S, 150°46.7 E,
8-10 m (Fig. 23E, F).

Head-foot pale with multiple black freckles.
Eyes situated laterally at base of long eye tenta-
cles, distal portions of which are pale. Operculum
absent. Proboscis cylindrical, rather long, occupy-
ing almost all the length of proboscis sheath. Pro-
boscis retractors as in other costellariid species,
i.e. two strong muscular bands attached laterally
to anterior portion of rhynchodaeum. Radular sac
occupying basal part of the proboscis. Oesophagus
loop well pronounced, terminating at rather small,
translucent valve of Leiglein. Salivary gland med-
ium-sized, white, situated dorsally from mid-oeso-
phagus and nerve ring. Paired salivary glands
easily traceable, joining the oesophageal loop right
in front of the valve of Leiblein and continuing
inside the proboscis. Accessory salivary gland
paired, compact, white, situated ventrally from
salivary gland. Bulky gland of Leiblein reduced in
size, light brown inside, covered by thick, semi-
transparent layer of muscular bres. Proximal
part of the bulky gland of Leiblein opening into

thick tubular secondary glandular structure,
which forms several loops and opens in mid-
oesophagus.

Radula (Fig. 23C, D): Rachidian tricuspidate, with
bow-shaped, wide base and stout, moderately long,
pointed cusps. Central cusp anked by a pair of
little accessory cusps. Laterals sickle shaped,
unicuspid.

Included species

Orphanopusia patriarchalis (Gmelin, 1791) comb.
nov. (Fig. 23A-F),> Orphanopusia osiridis (lssel,
1869) comb. nov. (Fig. 23G).?

Distribution and habitat

Tropical Indo-West Paci ¢, Red Sea down to Pen-
nington, Natal, South Africa, (M. Marrow, pers. com-
mun.), in shallow subtidal depths.

Etymology

The genus name refers to a solitary position of
Orphanopusia patriarchalis in the phylogenetic tree,
suggesting only a remote relationship to Pusia. Gen-
der feminine.

Remarks

As the genus Orphanopusia is segregated primarily
because of the molecular distinctiveness of Vexil-
lum patriarchale, the de nition of its contents is
somewhat speculative as it is based solely on the
shell. As Pusia-like shells were shown to have
evolved convergently in several unrelated lineages
of Costellariidae, we refrain from premature
assignments; despite some species showing a
resemblance to Orphanopusia patriarchalis -
among them Vexillum osiridis, Vexillum speciosum
(Reeve, 1844), and Vexillum cavea (Reeve, 1844) -
only the former can be con dently assigned to
Orphanopusia.

Orphanopusia gen. nov. combines the shell pro-
portions of classical Pusia with some characteristics
of the true Vexillum: principally, the deeply
notched siphonal canal. At the same time, the
robust shell with characteristic sculptural elements
(tubercles on the axial ribs, row of gemmules on
shell base, and tabulated sculpture of cords on
siphonal canal) allows for an easy recognition of
Orphanopusia patriarchalis amongst other Costel-
lariidae. Two mitre species, Mitra bernhardina
Roding, 1798 and Mitra tuberosa Reeve, 1845,
share a similar sculpture pattern and super cially
resemble Orphanopusia patriarchale; however, in
both species the spiral grooves are wider (compara-
ble in width with spiral cords), and override the
axial elements, and the axials either bear multiple
weak tubercles (Mitra tuberosa) or bear a single
strong tubercle, which is blunt and directed up-
wards (Mitra bernhardina). Moreover, both mitrids
have a narrower aperture.

GENUS ATLANTILUX HuaNG, 2015
FIGURE 24A-H

Type species: Mitra exigua C.B. Adams, 1845 (OD).
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Diagnosis: Shell small, not exceeding 12 mm,
turriform, elongate-fusiform to biconical, with rather
wide aperture and stout siphonal canal. Protoconch
wide, bulbous, of about 1.5 glossy, convex whorls, or
papilliform, with three or more weakly convex
whorls. Suture distinct, impressed. Teleoconch
whorls typically with wide, slightly concave,
subsutural area sculptured with dense, rounded
axial riblets; riblets of similar morphology developed
on shell base. Periphery strongly convex, typically
situated below whorl mid-height, sculptured with
strong and wide rounded ribs. Rarely, whorl outline
attened, and sculpture of two rows of nodules
developed, one adapical, other situated at whorl
periphery. Spiral sculpture absent or represented by
regular ne threads throughout whorl height. Last
adult whorl strongly convex, siphonal canal typically
constricted to stout, sculptured with several strong
oblique cords, formed by the continuation of the
columellar folds. Siphonal notch shallow or
indistinct. Aperture rather wide, outer lip lirate
within. Inner lip bearing four narrow, subequal,
oblique folds. Shell typically light- to dark-brown or
olive green, or pink, with spiral white band on whorl
periphery, often intersected by one or two ne brown
threads; shell rarely uniform white. Head-foot and
siphon dark grey or black, with multiple white and
light-yellow spots. Tentacles rather long with eyes
situated laterally at their bases. Radula with robust
multicuspidate rachidian and sickle-shaped
unicuspidate laterals.
Included species: Carribean: Atlantilux exigua (C.B.
Adams, 1845) (Fig. 24A, B.):* Atlantilux ampla Huang,
2015;% Atlantilux gemmata (G.B. Sowerby 11, 1874);?
Atlantilux narcisselli Huang, 2015;2 Atlantilux puella
(Reeve, 1845) comb. nov. (Fig. 24C, D).}

Indo-Paci c: Atlantilux nodospicula (Cernohorsky,
1970) comb. nov. (Fig. 24E);* Atlantilux rubra (Bro-
derip, 1836) comb. nov. (Fig. 24F-H).*

Distribution and habitat: Caribbean, intertidal and

shallow subtidal depths; Indo-Paci ¢, shallow
subtidal and bathyal depths.
Remarks: Typically Atlantilux can easily be

recognized by its large bulbous protoconch in
combinaton with a characteristic whorl pro le, with
wide, slightly concave subsutural ramp and whorl
periphery shifted towards lower suture. A distinctive
sculpture pattern, of dense riblets in subsutural area
and notably wider folds on whorl periphery, is
developed in Atlantilux exigua, Atlantilux ampla,
and Atlantilux narcisselli, and is faint in Atlantilux
gemmata (Redfern, 2013). These four species form a
rather distinctive group that we consider to be
typical Atlantilux (as it includes the type species).
One more Caribbean species, Vexillum sykesi
(Melvill, 1925), has stronger spiral elements, but is

close overall to typical Atlantilux in shell proportions
and whorl outline, and is likely to be closely related
to the other four species mentioned.

A bulbous protoconch suggestive of non-plankto-
trophic development is also present in Austromitra
and Pusia (Ebenomitra). Austromitra species can
usually be distinguished from Atlantilux spp. by a
weaker sculpture lacking spiral elements, and typi-
cally evenly convex whorls. Members of Ebenomitra,
in addition to their weaker sculpture compared with
Atlantilux, possess a tricuspidate rachidian, whereas
it is multicuspidate in Atlantilux.

The Caribbean Atlantilux puella, and Indo-Paci c
Atlantilux nodospicula and Atlantilux rubra, are
conchologically very divergent from typical Atlanti-
lux, and are placed here in Atlantilux based on
currently available molecular data, and pending a
more thorough phylogenetic analysis. The Indo-
Paci c species assigned here to Atlantilux all have
pointed, multi-whorled protoconchs, which readily
differentiate them from the Caribbean species.
(However, more Indo-Paci ¢ species with paucispi-
ral protoconchs currently placed in Vexillum may
turn out to belong to Atlantilux.) The two species
of Atlantilux recognized in our phylogenetic analy-
sis differ notably from each other in sculpture and
whorl pro le, and some minute species of Vexillum
(for example Vexillum herosae Herrmann & Salis-
bury, 2012; Vexillum salisburyi Cernohorsky, 1976,
or Vexillum altisuturatum Chino & Herrmann
2014), fall well within the range of conchological
variation for Atlantilux; however, Vexillum herosae,
at least, is a true Vexillum based on our phyloge-
netic analysis. Further studies are needed to
understand the extension and boundaries of
Atlantilux.

GENUS AUSTROMITRA FINLAY, 1926
FIGURE 241-M

Type species: Columbella rubiginosa Hutton, 1873
(OD).

Diagnosis
Shell small, usually not exceeding 10 mm, fusiform
with rather wide aperture. Protoconch large and bul-
bous, paucispiral, of fewer than two glossy whorls.
Suture distinct, impressed. Whorl outline evenly con-
vex (usually) to distinctly angulated (rarely). Sculp-
ture often represented by ne collabral growth lines
only, in some species broad and sometimes strong
axial folds developed on teleoconch whorls. Siphonal
canal usually short and stout, sometimes moderately
long, tapering, sculptured with between three and
ve oblique cords. Aperture rather wide, with three
or four subequal oblique folds on inner lip. Dorsal
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surface of foot with black patches; eye tentacles long. unicuspidate sickle-shaped laterals. Accessory sali-
Radula with wide multicuspidate rachidian, bearing vary glands paired, rather large; mid-oesophagus
more than ten cusps of varying lengh, and notably widened, glandular. Gland of Leiblein rather
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Figure 24. Atlantilux and Austromitra species. A, B, Atlantilux exigua, MNHN IM-2009-31184, Guadeloupe, KARU-
BENTHOS, station GS02, 16°20.942 N, 61°34.392 W, intertidal, 7.0 mm: A, shell; B, radula. C, D, Atlantilux puella,
MNHN IM-2013-20368, KARUBENTHOS, station GMO06, 16°09.0 N, 61°33.7 W, intertidal, 9.8 mm; C, shell; D, radula.
E, Atlantilux nodospicula, MNHN IM-2013-40632, AURORA 2007, station CP2734, 15°57 N, 121°49 E, 453-460 m,
6.0 mm. F-H, Atlantilux rubra: F, Tiara rubra, syntype, NHMUK 1967867, Lord Hoods Is, 7.3 mm; G, MNHN IM-
2013-1747, Papua Nuigini, station PB10, 05°17.9 S, 145°46.7 E, 10 m, 6.7 mm; H, radula (after Fedosov & Kantor,
2010). I, Austromitra rubiginosa, NMNZ M.052011, 36°16.00 S, 174°48.00 E, Goat Island Bay, Leigh, intertidal, 7.9 mm.
K, Austromitra sp., MNHN IM-2013-40667, Western Australia, station WEO03, 33°59.6 S, 122°13.33 E, 11 m, 6.2 mm. L,
Austromitra scita, MNHN IM-2013-40673, Tasmania, station TA58, 41°07.55 S, 144°40.14 E, 1-4 m, 7.9 mm. M, N, Aus-
tromitra vincta, MNHN IM-2013-40671, Tasmania, station TA21, 42°59.93 S, 147°39.92 E, intertidal, 10.6 mm. M, shell;

N, radula.

large, glandular, greenish brown (for a detailed
anatomical description, see Ponder, 1972).

Included species

Austromitra rubiginosa (Hutton, 1873) (Fig. 241),2
Austromitra aikeni Lussi, 2015, Austromitra analog-
ica (Reeve, 1845)? Austromitra angulata (Suter,
1908),2 Austromitra arnoldi (Verco, 1909),2 Austro-
mitra bathyraphe (G.B. Sowerby I11, 1900),2 Austro-
mitra  bellapicta (Verco, 1909),> Austromitra
canaliculata (G.B. Sowerby I11, 1900),> Austromitra
capensis (Reeve, 1845),2 Austromitra cernohorskyi
Turner, 2008, Austromitra cinnamomea (A. Adams,
1855),2 Austromitra decresca Simone & Cunha,
2012,% Austromitra distincta (Thiele, 1925),% Austro-
mitra euzonata (G.B. Sowerby 111, 1900),2 Austromi-
tra gradusspira Lussi, 2015,> Austromitra hayesi
Turner, 1999,> Austromitra ima (Bartsch, 1915),2
Austromitra kowieensis (G.B. Sowerby I11, 1901),2
Austromitra lawsi Finlay, 1930,2 Austromitra
legrandi (Tenison-Woods, 1876),2 Austromitra macu-
losa Turner & Simone, 1998,%> Austromitra minuteno-
dosa Cernohorsky, 1980; 2 Austromitra planata
(Hutton, 1885),2 Austromitra retrocurvata (Verco,
1909),2 Austromitra rhodarion Kilburn, 19722 Aus-
tromitra rosenbergi Salisbury, 2015,2 Austromitra
sansibarica (Thiele, 1925),% Austromitra schomburgki
(Angas, 1878),2 Austromitra scita (Tenison-Woods,
1876) (Fig. 24L),* Austromitra tasmanica (Tenison-
Woods, 1876),> Austromitra valarieae Lussi, 2015,
Austromitra vincta (A. Adams, 1855) (Fig. 24M, N),*
Austromitra volucra (Hedley, 1915),' Austromitra
zafra Powell, 1952.2

Distribution and habitat

Southern Australia, Tasmania, New Caledonia, New
Zealand, and South Africa, up to Tanzania, in shal-
low water down to 450 m (M. Marrow, pers. com-
mun.).

Remarks
The genus Austromitra is primarily distributed in
the subtropical and warm temperate waters of the

Southern Hemisphere, where it co-occurs with Tur-
riplicifer gen. nov. Both genera are characterized by
a weakly developed spiral sculpture and a bulbous
protoconch, indicating non-planktotrophic develop-
ment. Their members can be distinguished by shell
size (Austromitra being notably smaller than adult
Turriplicifer gen. nov. species) and proportions (spe-
cies of Turriplicifer gen. nov. have a rather turriform
shell with proportionally taller spire compared with
Austromitra). Species of Austromitra are usually
notably smaller than Vexillum, and can be readily
distinguished from most costellariid taxa of the tropi-
cal Indo-Paci c¢ by their weak sculpture with no spi-
ral elements except those on the siphonal fasciole,
and a characteristic paucispiral protoconch. In the
detail of the shell sculpture and protoconch, Austro-
mitra is close to species of Atlantilux from the Carib-
bean and Pusia (Ebenomitra) from the north-eastern
Atlantic and Mediterranean. In common with Austro-
mitra, both Pusia (Ebenomitra) and the Caribbean
species of Atlantilux have a weakly developed spiral
sculpture and possess a large paucispiral protoconch.
Telling these three groups apart based on shell mor-
phology is thus somewhat problematic. The radula
with  tricuspidate rachidian segregates Pusia
(Ebenomitra) from both Austromitra and Atlantilux,
which possess multicuspidate rachidians. In turn,
Atlantilux demonstrates a characteristic sculpture
pattern with dense and ne axial ribs in the adapical
part of the whorls and on the shell base, whereas the
whorl periphery is sculptured with notably stronger
and wider elements. This pattern, in combination
with whorl periphery shifted abapically, allows for a
more or less straightforward recognition of Carib-
bean Atlantilux species and differentiates them from
Austromitra.

GENUS VEXILLUM RoDING, 1798
FIGURE 25

Type species: Vexillum plicatum Roding, 1798
(= Voluta plicarium Linnaeus, 1758) (SD, Woodring,
1928) (Fig. 25A).
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Figure 25. Studied species of Vexillum: A, Vexillum plicarium, MNHN IM-2013-13646; B, Vexillum gruneri, MNHN
IM-2007-30180; C, Vexillum acupictum, MNHN IM-2013-40635; D, Vexillum lyratum, MNHN IM-2007-30111; E, Vexil-
lum semifasciatum, MNHN IM-2013-11594; F, Vexillum costatum, MNHN IM-2007-30005; G, Vexillum exasperatum,
MNHN IM-2013-11680; H, Vexillum radius, Papua New Guinea, Hansa Bay, 8-12 m, 17.8 mm:; I, Vexillum cf. alvinobal-
ani, radula voucher R77, New Caledonia, EXBODI, station DW3860, 22°17 S, 169°01 E, 412-436 m, 24.6 mm, K, Vexil-
lum micra, MNHN [IM-2013-4734; L, Vexillum infaustum, MNHN [M-2007-30248; M, Vexillum gloriae, MNHN IM-
2013-40634; N, Vexillum pagodula, MNHN [IM-2007-30310; O, Vexillum cancellarioides, MNHN IM-2013-40631; P, Vex-
illum ziervogelii, MNHN IM-2013-15865; Q, Vexillum woldemarii, MNHN IM-2013-12694.
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Figure 26. Morphology of the Thala-Nodicostellaria clade. A-C, Thala miri ca: A, B, Mitra miri ca Reeve, 1845, lecto-
type, NHMUK 1966655/1, Isle of Capul, Philippines, 10.8 mm; C, Vanuatu, Aore Island, SANTO 2006, station ZB16,
15°32.4 S, 167°12.1 E, 5 m, 10 mm. D-E, Thala exilis, MNHN [IM-2013-3389: D, shell; E, radula. F-H, Thala exilis,
MNHN IM-2013-55084: F, general morphology of the body; G, mantle removed; H, foregut anatomy; I, Nodicostellaria
kaicherae holotype, USNM 780657, 17°25 S, 39°07 W, intertidal, 8.3 mm. K-M, Nodicostellaria laterculata: K, Mitra
laterculata G.B. Sowerby Il, 1874, syntype, NHMUK 1875.4.19.5, locality unknown, 13.9 mm. L, M, MNHN IM-2013-
9022, Guadeloupe, KARUBENTHOS, station GR18, 16°05.8 N, 61°46.3 W, intertidal, 12.5 mm: L, shell; M, radula.

Synonyms

Arenimitra Iredale, 1929; type species Mitra arenosa
Lamarck, 1811 (= Voluta exasperata Gmelin, 1791)
(OD) (Fig. 25G);

Callithea Swainson, 1840 [invalid: junior homonym
of Callithea Feisthamel, 1835 (Lepidoptera); Pulchri-
tima Iredale, 1929 is a replacement name]; type spe-
cies Mitra sanguisuga Linnaeus, 1758 (SD:
Herrmannsen, 1846: 155);

Costellaria Swainson, 1840; type species Mitra rigida
Swainson, 1821 (= Mitra semifasciata Lamarck,
1811) (M) (Fig. 25E);

Mitropifex Iredale, 1929; type species Mitropifex
quasillus Iredale, 1929 (= Mitra obeliscus Reeve,
1844) (M);

Pulchritima Iredale, 1929; type species Mitra san-
guisuga Linnaeus, 1758 (by typi cation of replaced
name);

Tiara Swainson, 1831; type species Mitra corrugata
Lamarck, 1811 (= Voluta rugosa Gmelin, 1791) (SD:
Gray, 1847: 142);

Turricula H. & A. Adams, 1853; (invalid: junior
homonym of Turricula Schumacher, 1817); type spe-
cies Voluta vulpecula Linnaeus, 1758 (SD: Coss-
mann, 1899: 162);

Vulpecula Blainville, 1824;
vulpecula Linnaeus, 1758 (T);
Zierliana Gray, 1847; type species Voluta ziervogelii
Gmelin, 1791 (OD) (Fig. 25H).

type species Voluta

Diagnosis

Shell small to medium-sized, fusiform or broadly
fusiform to turriform, ovate or biconical; spire very
tall to low. Protoconch tall, conical, whitish or brown,
translucent, with three or more evenly convex glossy
whorls. Teleoconch whorls evenly convex to
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subcylindrical or with attened outline, typically dis-
tinctly shouldered. Sculpture dominated by axial ele-
ments, represented by ribs of varying strength,
sharp or rounded, usually slightly undulating. Spiral
sculpture variable, absent in some species, in others

represented by
nounced between axial ribs, or throughout shell sur-
face, overriding axial ribs. Siphonal canal short to
very long, straight and tapering or recurved at its
tip, notched at its end. Aperture elongate, narrow;

ne, evenly spaced grooves, pro-
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Figure 27. Ceratoxancus and Latiromitra species. A, Ceratoxancus teramachii, MNHN 1M-2007-33280, New Caledonia,
Chester eld Plateau, EBISCO, station DW2610, 19°33.15 S, 158°40.6 E, 486-494 m. B, Ceratoxancus basileus Kantor &
Bouchet, 1997, holotype, MNHN [IM-2000-22945, SMIB 2, station DW18b, 22°58 S, 167°20 E, 530-535 m, 56.1 mm. C,
Ceratoxancus leios Kantor & Bouchet, 1997, holotype, MNHN IM-2000-30254, New Caledonia, Norfolk Ridge, SMIB 4,
station DW39, 24°56 S, 168°22 E, 525-560 m, 21.0 mm. D, Ceratoxancus lorenzi Poppe, Tagaro & Sarino, 2012, holotype,
MNHN IM-2000-26953, Philippines, off Balut Island, 250-300 m, 30.8 mm. E, Ceratoxancus melichrous Kantor &
Bouchet, 1997, holotype, MNHN [M-2000-22946, New Caledonia, Norfolk Ridge, SMIB 4, station DW39, 24°56 S,
168°22 E, 525-560 m, 20.4 mm. F, Ceratoxancus niveus Kantor & Bouchet, 1997, holotype, MNHN [1M-2000-22948, New
Caledonia, Norfolk ridge, Biocal, station DW51, 23°05 S, 167°45 E, 680-700 m, 8.8 mm. G, H, syntypes of Mitra crypto-
don, off Morocco, 33°09 N, 09°38 W, 1900 m, 30.0 mm. I, Latiromitra crosnieri Bouchet & Kantor, 2000a,b; holotype, off
north-west Madagascar, station 118, 12°49 S, 48°27 E, 925-975 m, 41.2 mm. K, Latiromitra paiciorum Bouchet & Kantor,
2000a,b, holotype, New Caledonia, off Cape Bayes, Bathus 1, station CP661, 21°05 S, 165°50 E, 960-1100 m, 25.1 mm.

outer aperture lip lirate within, sometimes with
strong denticles formed by lirae at outer lips edge.
Inner aperture lip with three or four distinct, some-
times very strong columellar folds, uppermost fold
strongest. Radula with wide bow-shaped rachidian,
typically bearing multiple pointed cusps and unicus-
pidate sickle-shaped or subtriangular laterals. Acces-
sory salivary gland usually present, very small.
Bulky gland of Leiblein strongly reduced, whitish,
non-glandular, situated at distal part of long and
strongly convoluted secondary glandular structure.
Seminal groove closed along its entire length.

Distribution and habitat

Common throughout the Indo-Paci ¢ from Madagas-
car to French Polynesia. From intertidal to bathyal
depths, on sand, mud, coral rubble, or reefs.

Remarks
The remarkable diversity of shell sizes, shapes, and
sculpture patterns in Vexillum make the circum-
scription of the genus a not trivial task. The slender,
narrowly fusiform shell of Vexillum radius (Fig. 25H)
has little in common with the robust and heavily
sculptured Vexillum cancellarioides (Fig. 250), or
the species traditionally included in Zierliana
(Fig. 25P, Q), with their peculiar dentition of aper-
ture. This diversity of shell forms, however, re ects
the diversity of ecological conditions where species of
Vexillum live. Whereas typical Vexillum species can
be encountered in numbers on sand or mudy bot-
toms, a broad and robust Pusia-like shell is com-
monly observed in species that inhabit rocky shores
and intertidal pockets in the reef. The heavily
armoured aperture of the species traditionally placed
in Zierliana most likely evolved in response to
intense predation pressure. A similar aperture char-
acterizes Atlantilux puella, which is unrelated to the
Zierliana lineage, and also inhabits intertidal rocky
ats. We also presume that the distinct siphonal
notch, shared by the vast majority of Vexillum spe-
cies, appeared as an adaptation to burrowing in sedi-
ment, as in many other neogastropod sand dwellers,

among them mitrids, olivids, terebrids, etc. On the
contrary, the radula of numerous Vexillum species
remains strikingly conservative, and the variations
in foregut anatomy are also rather moderate, com-
pared with the extensive conchological disparity; the
function of apomorphic costellariid foregut structures
is discussed below.

DISCUSSION
MORPHOLOGICAL EVOLUTION

In general, the evolutionary history of the Costellari-
idae appears to be unidirectional, from the early
diverging Ceratoxancus and Latiromitra to the most
recent Vexillum. Based on morphological characters
presented earlier (I~edosov & Kantor, 2010; Fedosov
et al., 2015), the ancestral and derived character
states of the radula, gland of Leiblein, and male
reproductive system had been proposed intuitively:
those found in Ceratoxancus and Latiromitra were
considered ancestral, and those in Vexillum were
derived. Our initial hypothesis suggested that trans-
formation would mostly follow the same general sce-
nario, with a one-time switch from ancestral to
derived condition that could be easily mapped on the
inferred nodes of the molecular tree. We thus
expected that the Costellariidae groups would show
a row with progressively more derived morphologies
aligned along a (Ceratoxancus-Latiromitra)-Vexillum
axis; however, as the analysis of a larger morphologi-
cal data set was performed, it turned out that
strictly speaking not one character evolved consis-
tently with the expected scenario.

Thus, despite general trends in the evolution of
costellariid morphology being apparent, only a few of
the revealed apomorphic character states can be
unequivocally attributed to the inferred phylogenetic
groupings of the Costellariidae. One prominent
costellariid innovation is the multicuspidate rachid-
ian, which is an apomorphy of the Vexillum-Austro-
mitra-Atlantilux clade (although this clade lacks
support), and may also prove to be an apomorphy of
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