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ABSTRACT

In this paper, the relationships of Tritonoharpa Dall, 1908,
within Neogastropoda are discussed. Tritonoharpa is indeed
similar to Colubraria in the morphology of its head-foot, pallial
complex, reproductive and excretory systems, in the presence
of an extremely long and coiled pml}m(l\ and a very large
stomach. However. it differs from Colubraria in the rest of its
foregut anatomy, revealing a cancellariid aftinity, and a tvpical
nematoglossan radula. The molecular data confirms Ben and
Maxwell’s placement of Tritonoharpa in the Cancellariidae,
close to Plesiotriton. 1t is also sugoested that cancellariids may
be the sister-group to the rest of neogastropods. Tritonoharpa
has a rather large and well developed midgut gland, resem-
bling the gland of Leiblein. As previously studied cancellarioi-
d( ans have been shown to lack a well differentiated gland of
Leiblein, the present \lll(l\ raises some interesting questions
about the evolution of the im(ufllt in A\vngilstmpndd In fact, if
this glandular structure were confirmed as a true homologue
of the gland of Leiblein, and the cancellarioideans proved to
be the sister group o the remaining neogastropods, the pos-
session of the gland should be considered a synapomorphy of
the Neogastropoda.

Additional keywords: Anatomy, phylogeny, molecular system-
atics. Neogastropoda. Cance Nariidae

INTRODUCTION

Trihmcahm}-m antiquata (1 linds in Reeve, 1844) belongs to
a small group ol 19 Recent species, most occurring in the
tropical Indo-West Pacific (Beu and Maxwell, 1987). These
species had previously been referred to a Colubraria-like
group, together with nwmh(n of at least four families
(Beu and Maxwell, 19587). Elongate and varicate shells,
typical of Colubraria, have evolved through convergence
several times in the families Ranellidac, Muricidac, Buc-
cinidae, and Cancellariidae. A number ol genera with
columellar plaits and a nematoglossan radula, morphol-
ogically similar to Plesiotriton, Fisher, 1884, were placed
in the Cancellarioidea. Among those, the genus Tritono-

harpa Dall. 1908 (type species by original designation,
Tritonoharpa vexillata Dall, 1908, Recent, from western
America and the Galapagos Islands) was distinguished
from Plesiotriton only by the absence of columellar 111 uts
and the absence of radula (Beu and Maxwell, 1987).

[nformation on the anatomy of Cancellariidae is avail-
able (Harasewych and Petit, 1982; 1954: 1986), based on
representatives of the subfamilies Cancellariinae and
Admetinae. The anatomy and phylogenetic relationships
of the Plesiotritoninae to the other cancellariids are still
unknown.

Herein we describe the foregut anatomy of Tritonoha-
rpa antiquata (Figure 18) and compare it with anatomical
data already available for other cancellariids. A molecular
dataset, based on two mitochondrial markers (125 and 165
rDNA) was used to construct a molecular phylogenetic
framework for the systematics of the Plesiotritoninae.

MATERIALS AND METHODS

TaxoN SaMPLING AND SPECIMEN CoLLECTION: The materi-
al for the present study was collected during field work
and expeditions to the ‘West Pacific (PANGLAO 2004, Phi-
Ilpplm s, and Saxto 2006, Vanuatu, Ulglnlzui h} the
Muséum national d'Histoire naturelle, Paris), Panama
(\uw.l\lmpnd \\l)i]\\]l[ll) 2006 at the Smithsonian Trop-
ical Research Institution, Panama). the Mediterranean
Sea, and other localities, and ‘illl)l‘l]tl]l(lit( ‘d by slwt-i—
mens provided by Museums and colleagues (see Table 1
for details). Vouchers are stored at BAU (De partment of
Animal and Human Biology, Rome), MNHN (Muséum
national d'Histoire n: llill(‘”{' Paris), NMSA (Natal Mu-
seum, Pietermaritzburg).

Representatives of 21 additional neogastropods, in-
cluding representatives of 13 families were sequenced
to provide a phylogenetic framework for the relation-
ships of Tritonoharpa to other cancellariids and within
the Neogastropoda. The cypraeid Cypraca cervinetta
Kiener, 1843 has been chosen as an outgroup (see
Table 2 for details).
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Table 1
Department of

Species inchuded in the molecular
il and Human Biology,

I:iml-ll

Eunropean Maolecular Biology Laboratory, Heidlelbe Ty

Pans;

NRISA, Natal Muosewn, Pictermaritzharg;

Iyvsis, witl ullh'l'tnlj_[ data, voueher sumbers, length of the 125 and 168 SUUENCES, and EMBL accession numbers. BAU
MNHN, Muséum National of Histoire Natorelle,

and EMBL,

The

12% 165
Family Species Lascalaty Voucher Number EMBL. |r|' EMBL |'|r Relerences
Cypracichie Cypraca corvinelta Venado (Panama), 8597 N, BALITES FAMO9U072 521 FMO999103 492 Oliverio and
: Kiener, 1543 TO50° W intertidal Modica, in press
Cancellaridae  Cancellaria cancellata OfT Mal (Spain, 40-50 m BALOOZZA FMORITE 541 FAMORI05 652 Oliver il
Linne, 1767 Maodica, in [rress
Cancellariulie  Cancellaria conpen MNHN IM-2000-4611  FMO9U90TS 5337 FMUSSI04 616 Olivero and
Cuabshs, 1865 (Califorma, USA), d0hm BAUGDTYT Muodica, in pross
Cancellaridue  Tritonolarmpa antiguata Mlactan Is. (Philippines), 10.32° N BALUTHIZT0 FN3W2228 521 FNI92229 489 This work
{Hinls i Beeve, 15440 124.03° E, 40=120 m, tanghe nets,
15 Moy 2006
Cancellamidie  Flesictriton viows Baliol/Sulu sea sill (1 illllp[:llu %) MNHN32123 FAREG0TS 523 FAMS9106 656 Olverio and
Haabse amel raneLan 2005, st CP2359, Muwlica, in press
Ooutani, 1951 5837 N 12355 E 437176 m
Conitlase Comus fextile Linnaens, 1758 Philippines - DOS6I058 535 DOSE0ES 609 Bandvopidiyay
et al, 2007
Turridae Laphictoma corithiformis l’||i|1|1|1i||t'\ DO284T50 532 DO2RITI 625 B .LI|I|'.II|1.:I.“|_\.1\
Powvell, 1464 | B
Muricidie Nueella lapilins Partobello (UK), 35.495° N, MMNUN IM-2094G1T  FMUOSISS 527 FMUS9119 679 vl
Linnaeas, 1758 3007 W, intertidal BAUODBIST Madica, in press
Muricicle Crinnin sp 1 Tolo Clsmmael, Hong Kong, MNFIN IM-20009-31 18 FNIOI952 521 FN999120 669 Oliveno aed
22.45° M, 114.26" E, BAUG] S Muodica, in press
1w depth
Muricidae Stranmita Tacomastomd S Marinella (ltaly), 420° 3 N, BALUDGDE FMOUSRI0 525 FM98121 661 (Miveno and
(Linné, 1767) LLIME I, i idal Muonlica, in press
Muricidae ”’"J’"‘”ﬂ O Fanglie Is., Cat EURI |’|||||]\|\|||!'\E, MINEFIN INL-200ED-400 ] FhOsosl 521 FM99122 657 Olivero and
Raling, 1795 ranciac 2004, st RIS, 9607 N, BAUGOIS2 Madici, in press
123 86° E, 2—16m
Buccinmulidzie Parsentheia plumbens Ushuaia (Argentis ¥l - MNHN IM-2009-46173 FMO9UGHSS 530 FM9EI126 637 Oliverio and
cp|“|.|||“ 15410 5] AW intert BAUOOGST Madica, in press
Buccinidae Neobmecinnn e Terra Nova Bay (Antarctic), MNTIN IM-2008- FMO9096 535 FM999127 657 Oliverio and
(Smith, 15 T469° 5, 164.1° 2 E BALOOTSS Mlodica, i press
™ assariichie H!’r.mm\.-.' ohsoleta Not availahle D3RGS 535 DO2ISFUS 563 Simison et al., 2006
MNassurihue _’\mnmu.\ prgondiis Las Perlas Ts. (Pamaina), MNHN IM-200680-0620  FMOOSRSE 535 FMO999125 6549 Oliverio and
{ Beeve, 15440 T4" N, T9.20° W, 50 m BALOO2ST Maohics, in pross
Melongenidae  Melengena patula (Panama), 5597 N, MNIIN IM-2009-4621  FMU99093 533 FM999124 671 Oliverio and
[ Brodenp and THEY W intertidal HAUMITY Masdica, in press
Sowerby, 1529)
Melongenidae  Volena myristica Panglao 15, Sungeolo (Philippines) MNHN IM-2008-4602  FMUIS091 534 FMO99123 662 Oliverio and
(Riscding, 1795) rancian 2004, st, M1 9647 N, BAaUM225 Modica, in [ress
123.53° E, (=3 m
e = e e e A ——— - —v—
Olividae Oliva spicata Las Perlas (1 MNFN IM-2000.4616  FM99053 524 FM®9114 672 Oliverio and Modica,
(Rading, 1795) T9.09° W, L BAUDD2TS in press
Divelln voltella Ve Llﬁlr- Pan lmll ‘3 B9® N, MNHN IN-2000-4615  FM999052 534 FMS99113 665 Oliverio and Modica,
{Lamarck, 1511) 57 W intertidal BALGO241 in press
Psendolividae  Sylvanocochlis SWool Muossel Bay, Agulhas Bank, NMSA-ES2T9 FAMO99054 532 FM99115 459 Oliverio and Modica,
ancilla Western Cape (South Africal, in press
L'“.'III||'!|'_ 1559 51 m
Costellanidac  Vexillum plicarinin Panglao Is, Tangibilaran-Panglao MNHN IM-2008-4603  FM999051 535 FM999112 459 Oliverio and Modica,
(Linnaeus, 1758) Channel ll‘l:iiiialmn-u, PaseLAD- BAUGI2OT in press
2004, st. RGT, 9.64° N |, 12156
[, 3.0-3.3
Volutomitridae  Microvoluta sp Hohol/Sulu Seas sill (Philippines), MNHN IM-2009-4600  FMO990S0 525 FMO99111 651 Oliverio and Modica,
l’\\ Lao 2005 5t CP235%, BEAUDOGRLL in priss
SOU-551 m
Piychatractidae  Lativomitra sp. est (Mew Caledonia), MNHN IM-20004610  FMO9055 525 FM999116 653 Oliverio and Modica,

st. CP25306,

21.1° ‘p 158.53° E, 741=-791 m

IRAUO0G2

£ 'ON BT 1OA 'SOTTLLAYN JHL

in press

Table 2. The specimens of Tritonoharpa antiquata with their shell measurements (in

whaorl: al, aperture length

and their use in this st

. Abbreviations: H, shell length; b, length of the last

SpecimenNoucher 113 locality H w h al Sex

BAU2GS Alignay 15, (Philippines), 8.75° N, 123.23° E, 15.7 5.4 9.4 6.8 male disseeted
A0-150 m, tangle nets, May 2006

BAUGO26G Aliguay Is. (Philippines), 8.75° N, 123.23° E, 185 6.1 99 72 female disseeted
30-150 m, tangle nets, May 2066

BALOO2T0 Mactan Is. (Philippines), 10, 32° N, 124.03° E, 14.1 4.6 LE | [} female IDNA
A0-120 m, tangle nets, 15 May 2“{!&

BALUDO301 Santa Is. (Vi 0 2006, sta. DRT4, SE Matewuls, 153 5.1 9.1 .6 female dissected
15.38° § G (]. Peloree leg.)

BAUGO302 Sunto Is, (Vanuatu), Savto 2006 sta. DRT74, SE Matewli, 3 6.5 10.3 5.1 female sectioned
|J3-5° 5. 16719 E, 6 m l:‘-l Oliverio leg,)

BAUGNI03 5 . DRSS, Palikulo Bay, 19.1 6.3 10.1 7.3 female dissected

.25" l'-. 3--' m (). Peloree leg)

ELEL

GOOT

BLI Paeg




Page 1580

THE NAUTILUS, Vol. 123, No. 3

In the Results and the Discussion sections, we have
used collective taxonomic names within quotation marks
(e.g.: volutoid’, “buccinoid’) as {]{ seriptive terms in the
tt.l(lltmn(ll context of the names (e.g., Ponder, 1974), but
without attributing a specific taxonomic rank to (hem.

ANATOMICAL METHODS: Four specimens of Tr Hmmhmp(.f
antiquata were mani: ally dissected (two from the P]nhp-
pines BAUO026S-9 and r\\n from Vanuatu BAUO0301,
BAU00303). One female (from Vanuatu, BAU00302)
was embedded in P;ll'il”-ill and serially sectioned at a
thickness of 7 pm. The sections were stained either with
hematoxylin and alcoholic eosin, or with hematoxylin,
eosin and Alcian Blue. Radulae were cleaned in Ii('{nid
bleach [NaOCI], air-dried, coated with gold, and exam-
ined using a JEOL scanning electron microscope.

DNA ExtracTion, PCR, CLONING, AND SEQUENCING: To-
tal DNA was extracted following a standard Phenol/
Chloroform/Ethanol protocol (Hillis et al.. 1990) with
slight modification as previously described by Oliverio
m(l Mariottini (2001). The QIAGEN QiAmp Extraction
Kit was used for extraction of DNA from difficult sam-
ples, according to manufacturer’s instructions.

Partial sequences of two mitochondrial genes encoding
ribosomal DNA were PCR amplified. A region of the gene
encoding 165 rDNA encompassing the domains IV and V
(Gutell and Fox, 1988) was amplified using primers 16SA
(5'-CGC( 2']‘(}']'1‘1'\'1‘( JAAAAACAT-3') (Palumbi et al.,
1991) and 16SH (5'-CCGGTCTGAACTCAGATCAC-3')
(Espiritu et al.. 7[)(1]} or CGLeuR (5'-TATTTAGGGCT

TAAACCTAATGCAC-3') (Hayashi, 2005). A portion of

the gene encoding 12S rDNA corre sptm{lmd to the do-
mains IT and TIT was mlphll[(} with primers 1251 (5'-TG
CCAGCAGCCGCGGCTTA-3) and 125111 (5'-GAGC
GACGCGCGRTTWGTAC-3') (Oliverio and Mariottini,
2001). .-\l||p]if‘ic;|tim'| conditions were as follows (30-35
('_\’L']c-s-;): 94°C for 30 seconds, 45-50°C for 30 seconds,

> for 60 seconds. When a single band was obtained,
Illv I’( R product was purified using the Exo-Sap enzy-
matic method. In cases of persistent aspecific mnphllm—
tion, the PCR ])m(]u( t was ligated into the PGEM-T-Easy
vector d(un'din'f to manufacturer’s (l’mln("&l} instructions
and then used to che mically transform E. coli JM109 cells.
Transformed colonies were selected by blne -white selec-
tion and clones containing the u1||0(t insert size were
PCR-screened. Then, they were purified using the SIG-
MA IIIIIIIl)I( p kit Purified products ((lllll)l]{(m\ and
(](m( ) were then double-strand se que need with BigDve
20 \l]l)ll[{] Biosystems, Foster City, CA, USA) using
ilw PCR primers and sequences visualized on automatic
sequencer. Sequencing was performed by Macrogen Inc.
(Seoul, South Korea). Chromatograms were analysed us-
ing the Staden Package (Version-1.6.0, Staden et al., 1998,
2005). All sequences have been deposited at EMBL (The
Furopean Molecular Biology Laboratory, Heidelberg; see
Table 1 for accession numbers).

SEQUENCE AND PHYLOGENETIC ANALYSIS: Sequences were
aligned using Clustal X (Thompson et al., 1994; 1997)

using the default settings, then edited manually. The
aligned dataset is available from the authors upon re-
quest. Analyses of nucleotide sequences were performed
using \I{‘tr.n 1 (Kumar et al., 2004). The uncorrected ° P
and tl]t ML distances between the sequences were cal-

culated. To test for the presence of mutational saturation,
uncorrected p’ pairwise distances, transition (Ts) and
transversion (Tv) were plotted against the estimated ML
distance (Nichols, 2005; Philippe et al., 199: l) in
DAMBE (Xia and Xie, 2001: Xia, 2000). 1]1( % test
implemented in PAUP* v. 4b10 (Swofford, 20( }2) wils
used to test for base composition homogeneity of the
aligned sequence data. The aligned se quences were ana-
I\‘a((l under the assumptions of Maximum Parsimony,
Maximum Likelihood (ML, Felsenstein, 1981) and with
a Bayesian approach (Rannala and Yang, 1996), using the
p.i(LLl(f(‘s PAUP* v. 4b10 (Swofford, 2002), \Ic)deltest V.
3.7 (Posada and Crandall, 1998), MrModeltest v. 2.2
(Nvlander, 2004), MrBayes v. 3.1.2 (Ronquist and Huel-
senbeck, 2003), and Treefinder, June 2007 version (Jobb
et al., 2004; Jobb, 2007). Each locus (12S and 16S) was
first analyse ' se par: lt{’[\ A partition homogeneity test
(Mickevich and Farris, 1951: Farris et al., 1995a, 1995b:
Cunningham. 1997), implemented as ILD test in
PAUP*, was performed before ('tm]hining the two loci
(but see Darlu and Lecointre, 2002, and Yoder et al.,

2001 for criticisms on 1LD’s efficiency in de ‘termining
data compatibility). The combined dataset was analyze d
by MP, and pdllltl()ll(‘l ML and Bayesian analyses. ML
analyses were performed by Tree finder, using for each
par tition the substitution mn(l( Is chosen after evaluation
by Modeltest using the Akaike information criterion.
Base frequencies, l(‘ldh\[‘ rates of the six substitution
types and model parameters were e stimated se parate ly
for each partition by the software during phylogenetic
reconstruction. Confidence for the nodes was estimated
in Treefinder using 1000 bootstrap replicates and com-
pared with the LR-ELW Edge Support (Expected Like-
lihood Weights on the Local Rearrangements: Strimmer
and Ramba aut, 2002: Jobb, 2007). A Bayesian analysis
(BI) was puimm((l to obtain pmt(‘nm In(}[mlnl]hu
ol branches using the ‘s()[t\\d]( MrBayes, which adopts
the Markov C I](III] Monte Carlo method to sample
from posterior densities (Larget and Simon, 1999; Yang
and Rannala, 1997). The substitution model used was
estimated for cach partition using the software MrMo-
deltest. Base [requencies, the relative rates of the six
substitution types and model parameters were estimated
during the analysis, separately for each pd]fltlﬂl] (using
the command ‘unlink” in MrBaves). A four chain me trop-
olis- (:mpl(d Monte Carlo .nml\ sis was run twice in paral-
lel for 10° generations, and trees were sdmp]( d every
1.000 generations, starting after a burn-in of 250,000
generations, Stationarity was considered to be reached
when the average standard deviation of split frequencies
shown in MrBayes was less than 0.01 (Ronquist and
Huelsenbeck, 2003). Bayesian posterior probabilities
(BPP) of a branch were estimated as the percentage of
trees (after burn-in) which showed that specific n()(l{'
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RESULTS

Anatomy of Tritonoharpa antiquata: ExrternaL
MorrnorLoGy: Animal uniform cream in base color, with
h][lfht orange spots most fre que ntly situated on surface
of |~.1(]n(\ and digestive gland (Figures 1-3). Foot
(Figures 1-3, ft) ])mt[\ contracted, \\lth a deep propo-
dial groove se l'hl]dtll'lg narrow pm]m(hnm Operculum
absent in all specimens. Head small (Figure 4), on well-
defined neck, with short. narrow, dpl)glll‘llll_\' non-
retractable snout (sn) and pair of long, thick tentacles
(t), each with a large black eye (e) on outer side of a
basal swelling. Penis (Figure 7, p) of male (spm. No. 2)
rather large, flattened, slllrlltl\ widening distally. with
small rounded orifice (so) at Illf]]t upper (II]UI(’

ManTLE: Mantle margin smooth (Figure 8). Siphon

(s) short, muscular. ()ﬁp]n';ulimn (0s) occupying 1/3 of

mantle length, dpplmlnldt{] 1710 of mantle width.
()sl)lnd(llum with broad axis, 2 equal rows of short lamel-
lae. Ctenidinm (et) long, crescent-curved, slightly wider
than osphradium, occupying almost entire mantle le ngth.
Females with broad capsular gland (eg) covering rectum.
Female genital orifice (fo) small, slit-like, terminal. Area
between ctenidium and capsular gland occupied by nu-
merous high folds of hypobranchial gland (hg).

Dicestive System:  Proboscis extremely long, narrow
(Figure 6, pr), folded within body hae ‘mocoel into > 10
((}1]\ (Figure 13, pr). In I]l‘ul’()l()“’l((ll sections, pll)])(]\(l\
wall consisting of columnar {plﬂl( Jium with basal nuclei
(Figure 12 ep} a layer of circular muscles (eml) and a
thick inner Ll\(l of I(m(rlhldm il fibers (lm). Mouth
opening large, terminal (htfm{- 6. m). Oral tube short,
lined with thick cuticle ( (Figure 16, cte). Buccal mass
short, thick (Figure 5, bm), occupying ~1/10 proboscis
length, consisting of buccal musculature and folded car-
tilages (Figures 9, 11, 15, ert). Buccal mass surrounded
by well-developed, cuticularized, funnel-like jaw plate
(I"I“lll(‘i 9. 15, 16 jw, cte), tubular anteriorly, expanded
p()stwl(n]\ ml() two small \\II];_‘S \llll()llll(]l‘ll” odonto-
phore. Radula slightly shorter than ()(hmmph(n{'
(Figure 5, r), nematoglossan, consisting of a thin mem-
brane and one central longitudinal row of rachidian
teeth (Figure 19). Each tooth long, narrow (length
>10xwidth), with three short cusps on distal end. Me-
dian cusp bearing vertical row of short secondary cusps
(Figures 20, 21). Teeth closely set. distance between
them approximately equal to their width.

Accessory salivary glands paired. strongly-coiled. thick-
walled, tubular (I igure 5, asg). running l).lm”tl to buccal
mass, tapering toward buccal tube, opening by two ducts
(asd) into mvdml region of buccal cavity. G lands consist-

ing ol very thin Ll\u of circular fibers and layer of

tall columnar al; andular epithelinm with basal nuclei
(Figure 16, dsg). men of gland filled with mucous se-
cretion (staining blue with Alcian: Figure 16, asg). Proxi-
mal ends of accessory salivary L‘Lm(la fused together and

connected to ventral pdl‘l ol proboscis wall |1\ a strip of

connective tissue (Figure 5, ent). Buccal mass attached to

bottom of buccal tube by multiple retractor muscles. An-
terior (‘st:p]](ltfnk thin-walled ( Figure 5, aoe). Proboscis

cavity containing thick proboscis nerves (Figure 5, n) and
du(l\ of primary salivary glands.

Single proboscis retractor muscle running from base
of pmhmus to floor of body haemocoel (Figure 6, prr).
le)lmtfu'-; penetrating massive nerve ring ['m"i then
continuing ventrally. Spirally coiled valve of Leiblein
(vl) situated within plc)h{:\ua Long midgut gland poste-
rior to nerve ring. provisionally refe rred to as oland of

Leiblein (Figure 6, gl), running along posterior part of
esophagus. Gland well deve lnl)( o, (‘(|s||\ recoenized by
its (Lul\ brown color. Tissue of gland Lmn[m(l in histo-
logical sections, represented by globular cells with large
nuclei and multiple granules. indicating strong apocrine
secretion (Figure 16, 17, gl). Globular cells with large
nuclei sitnate (l along septa internally dividing gland into
distinct lobes. (1Lm(] filled with vesicles containing mul-
tiple secretion granules. Duct of this gland not found.
Anterior aorta thick, running parallel to gland of Lei-
blein after passing through nerve ring. Primary salivary
glands paired, whitish. tightly fused (Figure 6, sg),
‘«lllldt((f pmt( rior to tfl(uul of Leiblein. In histological
sections (Figure 17, sg), primary salivary glands appear
clearly hl])uLu consisting of thin outer LL\(l of connec-
tive tissue, and thick Lz\m of high columnar epithelinm,
with cells having long necks and basal nuclei. Ducts of
primary salivary ngd. (Figure 6, sd) thin, not passing
through nerve ring, forming a loop, entering proboscis
base parallel to esophagus. Ducts entering buccal mass
posterior to ducts of accessory salivary trl,md

Stomach long, narrow, situated beneath kidney and
digestive gland, spanning one whorl. Stomach imper-
f(‘(ﬂ\' pl’(':ﬂ'ﬂ'('d, transversal folds on its walls could not
be clearly recognized.

DNA Analy is: A total of 23 sequences were obtained
for each of the two genes 'illc]ul]iuﬂ the outgronp
Cypraca cervinetta). The sequences in the trimmed
alignme nt were 521-541 bp for 125 and 489-679 bp for
16S. A 2 test of base homogeneity, uncorrected for
phylogeny, indicated that base composition at each par-
tition was not '\]l’]llll(d]ltl\ different across all sites (168S:
P=1.000; 12S: P=0.999).

Mutational saturation plots (results not shown) displayed
evidence of saturation for both 125 and 165 sequences
at the level of the ingroup-outgroup ('mnp'u‘i-«nw

A partition homogeneity test pe rformed in PAUP*
(Swofford, 2000) did not reveal significant incongruence
between the 16S and 125 datasets (P d]ll(':“_r‘).)._

The combined aligned dataset (‘t}mpri.\'(-(l 1300 nucle-
otide positions (12S: 581; 16S: 719), with the alignment
ol 301 positions considered uncertain, and thus excluded
from subsequent analysis. Of the 999 included positions
536 were constant. 136 variable positions were ]‘Jd?\llll(m\—
uninformative and 327 variable positions were parsimony-
informative.

The MP analyses of each partition and of the com-
bined dataset, ]mulllu d topologies with very few nodes
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Sllppm‘tt—‘d h}-’ bs>50% (Figure 22). In all MP trees, the
Rachiglossa, the Toxoglossa, the Muricidae, and the

Bmunulde emerged as polyphyletic. In the analysis of

the combined ddl(lsel 1'1t.’mm;”mq}(f+P;"r)smhmm and
the Cancellaria spp. comprised a nematoglossan clade,

sister to the Olividae. Only seven nodes ;(’(mwd a boot-
strap support =>90%.

Model test 3.7 selected by AIC the following models
of nucleotide evolution: the TrN+1+G for 125 rDNA
only and the TVM+1+G (transversional model) for 165
rDNA only. These models were adopted for ML analy-
sis. MrModelTest2.2 selected h)’ AIC the GTR+I1+G
substitution model both for 16S rDNA and for 12S
rDNA; this model was used in the Bayesian analysis.

In the ML topology obtained for the concatened data-
set (Figure 23), a sister-group relationship between
Tr‘lmm}hm?m and Plesiotriton was \t:(mO'l\ \111)1)()1&'(1
(bs=99 and BPP=1). The Plemotntmnnae mn(tged as
the sister group of the other Cancellariidae included in
our analysis (C. cooperi and C. cancellata), albeit with-
out strong support (bs=50 and BPP=0.89); the clade
comprising all the nematoglossans (Cancellarioidea) was
the sister-group of the remaining neogastropods (rachiglos-
sans and toxoglossans). ’]n\ntrlossdns (Conoidea) emmgﬂl
as p(ﬂ\pl]\ letic and basal to tlu' '-.tt*nm,_,]u‘-;'ialn\; Within the
rachiglossate group, a clade Olividae was basal (bs=95; not
recovered in bayesian analysis). followed by a ‘volutoid’
clade (bs=95 and BPP=099), comprising Volutomitridae
(Microvoluta sp.) and Costellariidae (Vexillum sp.) plus
Ptychatractidae (Latiromitra sp)- A clade formed exclu-
swel\ of Muricidae (bs=92 and BPP=0.97) was the sister
taxon to a clade of consisting of the “buccinoid™ families
Nassariidae, Buccinidae, and N‘I(']Ungl'ni(l;u') (bs=95 and
BPP=0.95).

DISCUSSION

MORPHOLOGY AND ANaTOMY: Although Tritonoharpa is
similar to the Colubrariidae and other neogastropods in
the morphology of its head-foot, pallial complex, repro-
ductive and excretory systems, and extremely long,
coiled proboscis, it differs in its foregut anatomy. Ben
and Maxwell (1987: 7) reported the lack of a radula in
T. antiquata based on the examination of two specimens
(one result admittedly “inconclusive”, due to the extreme
fragmentation of the specimen). We have observed the
presence of a radula in at least three specimens. It is

possible that Beu and Maxwell did not recognize a radu-
la due to its extremely reduced size (<200 pm long). In
some cancellariid species the radula may be present or
absent (at different stages), as Oliver (1982) re ported a
radula only in the Lu(r(‘t.t of two specimens of Nothoad-
mete tumida Oliver, 1982. The radula of h:!umn‘:ruprr
has the f\l)l(_cl] ne m(lt()lrh)ss w structure, and is very sim-
ilar to those of }’h'.s:mm!uu vicus Habe and Okutani,
1981, and Africotriton crebrilivatus (G. B. Sowerby II1,
1903) (Beu and Maxwell. 1987, pls. 1 a—f and 13 a-d,
respectively), comprising a single row of long, narrow,
ribbon-like teeth. The peculiar tubular jaw surrounding
the odontophore is typical of all Cancellariidae exam-
ined so far (Oliver. 1982: Harasewvch and Petit. 1954,
1986: Simone and Birman, 2006) and may represent a
synapomorphy of the Nematoglossa. (,cm((l\dl)l\ the
modification and reduction of the ne ]ll(lh)“’l()“dll 1(1(111111
prompted the formation of protective jaws (jw in Fig-
ures 9, 15) around the median part of the ()(ltmtn])h(m
(Figure 9, 15, od). This innovation was possibly induced
by the necessity to either (1) raise the thin and long
radular teeth, improving operational efficiency. and/or
(2) strengthen the tip of the proboscis, which may be
useful for suctorial feedng,

I!Humh":mpu fm!.iqlmm has two l)dll% ol salivary
glands. The accessory salivary glands have the l\pl(d'
tubular structure and location as described for other
cancellariids (Graham, 1966; Harasewych and Petit,
1982, 1984, 1986). The primary salivary ULIlI(I\ are tubu-
lar and located in the Il()t]\ haemocoel 1 1il|( :r than in the
proboscis. Such a p(mtmll is unusual in cancellariids: it
may be explained by the large size of these glands in
T?“ihmuhm*pﬁ. or :1lt['r1lzlti\-t=]_\= it may be a l)]('sitmmrl)hi(-
feature of the neogastropods.

Tritonoharpa antiquata has a large and well devel-
oped midgut gland located posterior to the nerve ring,
which atmngJ\ resembles the gland of Leiblein of other
neogastropods in its form and coloration. Although we
have not detected any real duct connectig the U](md to
the esophagus, the only possible connection can be
where the tissue of the gland and the esophagus are in
contact, i.e. in the anterior portion of the ﬂLunl still
posterior to the nerve ring. The tissue of llm aland
appears less \tm(lm(‘(l than in the gland of Le ||)[<‘m of
other neogastropods (e.g.. Nucella t’rr;m’hh Andrews and
Thorogood, 2005; A. Richter, personal communication),
dlt]mngll it is known that the general appereance of the
gland can be related to feeding habits and the l)] |)'sit)lc1g—

Figures 1-8.

Anatomy of Tritonoharpa antiquata, Santo Is. (Vanuatu) and Alignay Is. (Philippines). 1-3. External view ol the soft

body of a female (BAU00303, Vanuatu). 4. Head of a female (BAU0026Y, P]IIII])[)III(‘\ 5. Anterior section of the proboscis of a

female (BAUO0O301,

Tanuatu ), dissecte (l dorsally. 6. Foregut anatomy of a female (B, \U{]{Pﬁb Philippines). 7. Head- h:ul ol a male

(BAU00269. Philippines). 8. Mantle of a female (BAU (][l"(m% ]‘}ultppmc ). Scale hdr — 1 mm. Abbreviations: aoe, anterior esopha-
ous; asd, accessory sah\dl\ duct; asg, accessory salivary gland; bh, l)ml\ hae muu:l] bm, buccal mass: cg, mpsuh aland:

cm, columellar muscle: Lnt connective tissue: (t, (tenulmm (lz_,, [l]“’l“\ll\(' gland; e, eve; fo, female orifice: ft,
of Leiblein: gon, (Tm]dd hd, head: 111_,, ||\pn|)|.m(|u al tr] mnd; kd, ]\1{111(\ m, m(mﬂ] mo, male orifice

foot: ;_,I, g] and

; I, Nerves; nr, nerve I’IHI[_"L

odr, ()d(JI]iOP]](]IlII retractors; oe, esophagus; os, usl)ln adium: ot, oral’ iuln'- P> penis: poe, posterior esophagus; pr, proboscis;
prr, proboscis retractors; pw, pmhmcls wall; v, radula; s, siphon; sd, salivary duct; sg, salivary gland; sn, snout; st, stomach;

t, tentacles; vl, valve of Leiblein.
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Figures 18-21:

Shell and radula of ]")'Hunuhm‘;:r.’ antiguata.
18. Shell, off Tayud Is., Lilo-an (Cebu, ]’I]ilipl‘}ilu'\'l {]‘J]Jl:tu(‘ullr—
tesy, G. and P. Poppe). 19-21. Radula, Mactan (Philippines;
BAU00269). Scale bars: 10 mm (18), 50 pum (19), 5 pm (20-21).

ical state of the specimens (Andrews and Thorogood,
2005; A. Richter, personal communication). Large glob-
ular cells of this gland, with large nuclei and mull!plv
nucleoli and gr umhs in the (\Iu}}l.mn indicate high
secretion .l[lmt\ the presence of vesicles filled \\|l|1
”ld”“l(’\ \|1lTIT( \1\ clll ‘{I)( IC ]”(‘ sec H'l](]“ me (_]h“”"'”l
While the diet of Tritonoharpa antiquata is unknown, it
is likely that individuals in this species are suctorial,
feeding on body fluids as do other cancellarioideans.
This conjecture is supported by the extreme modifica-
tion of the radula, which suggests use for piercing rather
than rasping (Oliver, 1982; Petit and Harasewych, 1986),
by the tubular nature of the jaw, and by the large stom-
ach resembling that of the haematophagous Colubrarii-
dae (Ponder, 1968: Oliverio and Modica, in press).
Furthermore, haematophagy has been already reported
for the cancellariime Cancellaria cooperi Gabb, 1865
(O’Sullivan et al., 1987). while other cancellariid species
have been observed feeding on bivalves (Trigonostoma
scalariformis (Lamarck, 1822)), sand-dwelling gastro-
lm(l (Trigonostoma scalata (Sowe rby, 1832)) and,

aquarium, on fish pieces and squid eggs (Loch, 1987).

Tritonoharpa antiquata

o i Plesiotritoninae
Plesiotriton vivus

Cancellaria cancellata

Cancellariidae

Cancellaria cooperi SR
Oliva spicata
Sylvanocochlis ancilla Olividae
— Olivella volutella

_@Cfovcfufa sp. Volutomitridae
o7 Vexillum plicarium Costellariidae
_| ————— Latiromitra sp. Ptychatractidae
Turridae

Lophiotoma cerithiiformis

5"‘."9"*.533’;”5 pagodus
U=l

] Nassariidae

llyanassa obsoleta

Nucella lapillus Muricidae
Neobuccinum eatoni Buccinidae
Conus textile Conidae

Paraeuthria plumbea Buccinidae

Melongena patula

81/82/98

Melongenidae
Volema myristica ] g

Cronia sp.1
52/-1100
Drupella cornus

Muricidae

Stramonita haemastoma
Cypraea cervinetta

Figure 22:  Maximnm Parsimony tnlm|:|rr\ obtained for the
combined molecular dataset. \lnn}wl\. at nodes represent
Bootstrap values (1000 1‘{-])]ir;|h\. in the ‘“'].\5'5 ol the 128,
16S. and combined datasets. respectively.

])l“‘i]l” seve ]‘.\ll (I avs I] . ‘llfIll Illlilfl (II\\('T\gl[](}H\ H\\H)
2006 expedition: MO, unpublished). two specimens of
T antiquata did not show any feeding activity in the
I)H s5ence i)I I]\”l'r '\I)(‘( |||ll 115 “i \(l]l()[]\ ‘!Pf'( |( S {)' !]HIH i

The peculiar long and spirally convoluted valve of
Leiblein, which differs from the p\nfmm valve of other
Ne ()_E_T“I.‘\lll)l’)lltl\l. has been also re porte «d in Plesiotriton
vivus (Kantor and Fedosov, 2009). Tts i‘nm-limml sionifi-
cance deserves further investigation,

Pryroceny: The MP analyses of each partition and of the
combined dataset, pl:uhluwf highly implausible results,
particularly as the Rachiglossa, ch' Muricidae and the
Buccinidae all emerged as Iml\p]]\h tic (Figure 22), vet
with a very few ||:)c](‘\. with strong bootstr: ap \|1|)])<>|l ]]n\.
was pmlnlwl\ due to the inclusion in our dataset of some
. Stramonita haemastoma
(Linnaeus. 1767). and Conus te \'Hfr‘ Linnaeus, 1758), a

Illl’lll\ (ll\l I”(ll \(t{”l Hees ‘l'l

Figures 9-17.  Ihistology of Tritonoharpa antiquata. Santo Is. (Vanuatu: BAU0O0302, female. 9. Cross-section of odontophore and
nl[lll]l l(] \{i\l 1]“'7 ]I \]]l| []']] |1 “llll t]“ l]|||l][)\l|\ \\]lll}}”(( lr Iass lf]](!\il\\ ary "]ill[l\ ‘\l l”l(ll\\\lll i]l r||itll\\|l|\ L”l]!(}'\”l
12. Cross-section thmmrh the posterior part of the proboscis with primary salivary ducts and nerves. 13. General view of the cross-
section through the medial region of the last whorl of the animal. 14, Cross-section of the proboscis at the level of the oral tube
and medial part of the llll'dj_‘gll f_{|;m(1_ 15. Anterior part ol the |11'n!|:m‘|< with buceal mass and salivary alands, stained with alcian

blue. 16. Cross-section of the proboscis with accessory
posterior parts of the midgut gland and salivary glands. A

saliv: wy ‘f||||(1\ and their ducts. 17. |1}11H‘il||:|inl[ section throush the
Abbreviations: asd, accessory salivary duct; asg, accessory m||\d|\ oland:

cem, columellar muscle; eml, circular muscles; ent, connective tissue: ert, rn]nnlu]ulmml' cartilages: et, ctenidinm: cte, cuticle:

ep, epithelinm: ft, foot: gl, gland of

Leiblein: hg, hypobranchial gland: Im, longitudinal muscles: Iw, lateral wings of the odo-

ntophoral cartilage; modr, middle part of the odontophoral cartilage: n, nerves; nr, nerve ring: oe, esophagus: ot, oral tube:

pr, proboscis; r, radula: sd, salivary duct; sg, salivary gland.
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Figure 23:
values/Bavesian Posterior Probability.

situation in which MP is expected to perform poorly (Fel-
senstein, 1978: Kim, 1996: Holder and Lewis, 2003).
Therefore, MP results will not be described and discussed
in details.

The ML and BI phylogenetic analyses of the molecu-
lar datasets confirms Beu and Maxwell’s placement of
hn‘m.'uhmpr.' in the Cancellariidae within a 1)|( siotrito-
nine group. It also suggests that cancellariids could be
the sister- aroup to other ne 0 zlx‘t‘n‘npn(ls‘ mn agree ment with
neogastropod phylogenetic II\])(Jtlu‘st s base (l on anatomi-

cal characters (Kantor, 1996, 2002; Strong, 2003) and larg-
er molecular datasets (Oliverio and Modica, in press).

The presence of a midgut gland resembling (and pos-
sibly homologous to) the ne ntmstmpnd aland of Leiblein
in memhmpﬁ raises some interesting questions on the
evolution of the foregut. In fact, current hypotheses
interpret the lack ol separation between the midgut
gland and esophagus in the cancellariids as indicating
that the elongation site is the mid- ("»'Uplulgll*; In the

d('llifiu\s‘tll\ l]]{' (]nntrlh(m site is the anterior [mph -
ous, causing the det: thm( nt of the glandular tissue from
the oe .\np}l.lf;l al walls and the formation of the gland of
Leiblein (Ponder, 1974). If further studies on the midgut

oland of the Plesiotritoninae (e.g., biochemical charac-

Partitioned Maximum Likelihood topology obtained for the molecular dataset. Numbers at nodes represent Bootstrap

terization of the secretion, exact localization of the con-
nection to the esophagus) will confirm its homology with
the neogastropod gland of Leiblein, the possession of a
separate gland \hrmld be considered as an apomorphy of
the \mga«.tmpoda (instead of only of rachiglossans +
toxoglossans). It may thus not be the site of (Inm__atnm
of the (‘\l)l)ll‘l(fll‘s “ldt determined the formation of the
gland of Leiblein. The presence of glandular band of
tissue, and not a separate gland, in nrhm cancellariids
(Harasewych and Petit, ]LJS') 1984; 1986) could be con-
sndewd as a secondary reduction. Alternatively, either
the pI ssiotritonine mi(!(fllt lf['md or the separate ¢ glandu-
lar tissue of other (‘ln(e]lcml(ls may not be lunm)l()gmns
to the true gland of Leiblein. The deve lopment of a com-
pensatory UI mdular region, has already been reported for
other nu:mxtmpn(la \\hcte it is associated with a re-
duced or absent gland of Leblein (e.g., the glandular
mid-posterior esophagus of Colubraridae: Ponder, 1968,
1973; Oliverio and Modica, in press).

The buccal mass is displaced posteriorly from the pro-
boscis tip of cancellarioideans by the le ntfth of the oral
tube. This condition does not correspond to a basal posi-
tion (as in the toxoglossans), which has been hypothesized
as the plesiomorphic state for the ancestral neogastropod
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