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ABSTRACT

The phylogenetic relationships among gastropod su ps.
with emphasis on the Evthimeurs, were investipated through
the analyses of nearly complete 185 rDNA ssquences of
representative gastropods. Nelghbor-joining, madmum-likeli-
. and maximum-parsimony methods were used in the con-
struction of phylogenetic trees, The 185 rDMNA data support
the momophyly of Vetigastropoda, the vetigastropod clade Tro-
choides, Caenogastropods. However, the mﬁh?ﬂ'—“ of

rwn cacnogastropod subgroups, Neotacnioglossa and Neogas-
:Idulul., iwre nok J-lI.II[.HJI."i"I'J_ The basul pm.'ll.um of hrrrl:qu.'.ipu

I.| L-r.rrd'h'me-d Within the Euthyneura, the Stlommatoplson
and the Systellommatophora are monophyletic, but the Opis-
thobrunchia, the Pulmonata, and the Basommatophors are not,
The Emﬂ:r'r:l: Jhul:," .14.|.]'.|I.H'.|rh thie inchugion of Suocimeidee within

Stylommatophora. However the plvdogenetic position of Sys-
tellommatophora within Gastropada remains unresolved.

Aclditional w-ﬂni: Modlusca, molecular

ylogeny. Apo-
gastropoda, astropoda, Opisthobranchia, Polmonata,
\?EIJE'_:].E[ woucla, ‘H. ml:ll'l..lh:l'ﬂmm Bm;.rll:llrlﬂl:li‘rlu:u'u, 5'|.':Ir|.
hmumlullum hﬂJsaeupulmmum

INTRODUCTION

Of the maolluscan classes, Gastropoda is the most diverse
and the most uhiqu.it-r.lus It has EL'IEE'BEEFII"} adapt-
ed to most habitats, inrfnémj, marine, freshwater, and
terrestrial environments,

Many comparative studies were published based on
morpho-anatomical characters, including those of shell,
pallial complex, and nervous, reproductive, and digestive
systems (for recent reviews, see Haszprunar, 1888a; Bie-
ler, 1982: Ponder and Lindberg, 1987). However, the
status of knowledge of the phylogenetic :relunnnnhtps
among and within the gastropod subgroups is stll con-
troversial (e.g., Golikov and Starobogatov, 1975; Gra-
ham, 1985; Hasz‘prunur. 1958a; Bieler, 1992; Ponder and
Lindberg, 1996; 1987). This unce is largely due to
the lack of informative mnr[}h::'lngnf‘:.]?:hmntpm com-

| pthor for rm'rﬂx]_'mndrnw.

mon to the different taxa and the presence of the hi
level of enotypic diversity observed in the Gastropo

In addition to Tnurphu]ugwal characters, molecular se-
gquences have proven to be very useful for in phyloge-
netic reconstructions, 185 fDNA SE(UENCEs are amongst
the most informative molecular characters along a broad
range of taxa within the Mollusca {eg., Steiner and
Miiller, 1996; Winnepenninclx ef al, 1996; Winnepen-
nincks et al, 1998a; Winnepenninchx et al., 1998h; Ada-
mkewicz ef al.. 1997 and Coma, 1997; Canapa
et al, 1995) and other animal phyla. Several shj.daes.were
ablished. on the molscolar phylogeny of Gastro
ﬁuﬂd on the sequence data of 285 rDNﬁ { Rosen
ef al., 1994; 1997 Tillier ef al, 1994; Tillier et al., 1996}
ard 185 rDNA (Winnepennincks o al, 1586; Winne-
penninckx of al, 1998 H h et al, 1997a: b
1996). Winnepenninckx et al, recently (1998a) fnvesti-
gated the phylogeny of gastropod groups below the class
rank using the complete 185 rDNA sequences from 15
gastro species.

To r address gastropod phylogeny with empha-
sis on El.rﬂ'.wnum {Opisthobranchia + Pulmonata), a
% I:hal:hasm:lt been examined or discussed in detail
rom 185 rDNA data, we determined the complete 185
rDNA sequences for five representative gas
They include the first complete sequence data from Ce-
phalaspidea (within Opisthobranchia) and Archacopul-
monata (within Pulmonata), amd additional sequence
data from Vetigastropoda and Stylommatophora (this lat-
ter within Pulmonata). These SEUENCes Were analvzed
in conjunction with previously ]mhh-ihed SeqUeTICes of
24 other gastropods. We focus on tesl:ln l.].'IF' [T ]‘I}'l'r
of each of the Euth_',.rneuran qu ' E
chia (e.g., Boettger, 1955; Ghiselin 11]ﬂ."5 L"m n:—-r 1981,
14985, IHHI; Gosliner and l':thl'ln, I_EIH-I; Poulicek ef ol
1981; Ponder and Lindbherg, 1997), the Basommatopho-
ra {e.g, Tillier, 1954; runar and Huber, 1990.
Mordsiecl, 1992, the ‘:nh:mmah':phnra e.g., Nord-
sieck, 1992}, and the Systellommatophora (Sabdni-Plaw-
en, 1980 Climo, 1980; Tillier, 1984; Haszprunar and
Hubser, IEI'I-]'I}. Nordsieck, 1992). We also discuss the phy-
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logenetic iion of the Succineidae in the Stylomma-
tophora (Righy, 1965; Solem, 1978; Tillier. 1989, Nord-
sieck, 1992). In addition, we examine the monophylics
of the Vetigastropoda (Sabvini-Plawen, 1980; Salvini-
Plawen and Haszprunar, 1987, Haszprunar, 1988a; b
Ponder and Lindberg, 1586) and the vetigastropod clade
Trochoidea {Haszprunar, 1958a).

MATERIALS ANDY METHOMDS
SFECIMENS ANALYZED

The 185 rDNA sequences of two vetigast (N
dotis discus, 1858 base pairs, from Cheju Island and Ba-
tillus cornutus, 1559 base pairs, from Mara Island), one
opisthobranch {Bullacta exarata, 1849 base pairs, from
Inchon), and two pulmonates (Ellobdum chinensiz, 1845
base pairs, from Tamijin River, and Acusta despecta sie-
holdiana, 1847 base pairs, from the Campus of Seoul
National University). The material above was collected
in Korea, and their se are described for the first
time in the present study. The sequences of two neo-
(Rapana venosa wnd Reishia bronni), one
ulmonate  (Anthosphonarda sirfus), and one chiton
Fis;ﬁa'n-ﬂma | Lepidozona) eoreanica) were reported in
our previous study (Yoon et al., 1996) and the ETICES
of remaining 21 other Eaztmpuds and mm
were obtained from GenBank.
The nearly complete 185 rDNA sequences were an-
alyzed for the 29 representative gastropods {one neri-
toid, three vetigastropods, nine caenogastropods, two
opisthobranchs, and 14 pulmonates}, two bivalves, and
one chiton species. Of tlfm the polyplscophoran Lep-
idozong (Lepidozona) coreanicn was used as an out-
ﬁmu » a5 the class Polyp ora {included in the Acu-
ifera) is currently acce as the stem group of the
classes Cas and Bivalvia (included in Conchi-
fera), from studies based on al characters
(s Salvini-Plawen, 1980; 1990; Haas, 1981; Runnegar
and Po 1985; Brusca and Brusca, 1990; Ponder and
Lindberg, 1996} as well as molecular results {Adamke-
wicz et al. 1997, Bargues and Mas-Coma, 19897; Hara-
sewych of al, 1997h), Table 1 lists the studied taxa and
GenBank accession numbsers for the respective sequenc-
g4, The haseline classification used in this work follows
Has ar (1988a) for Streptonenra, Vaught (1989) for
Ompisthobranchia, and Boss (1982) for Pulmonata.

DNA ExmracTion, PCR AMPLIFICATION, AND
SEQUENCING

Total nuclele acids were extracted from foot muscle of
live-collected and ethanol-preserved snails by modifica-
tions of standard procedure of Sambrook ef al. (1989),
The 188 rDNAs were amplified using the polymerase
chain reaction (PCR) with twe oligonucleotide gnnw.rs
corresponding to conserved sequences proximal to 5
and 3' termini of metazoans (Nelles o al., 1984: 1-19,
5 -CCTCGTTCGATCCTGCCAG-3"; 184B-1868, 5'-
TAATCATCCTTCCGCAGCTTA-3": the numbers cor-

Tuble 1. C'.l.'ih:pw] species used in the present !.'tnl:l.'__l.'. with
GenBank accession numbers for sequences.

NERITOPSINA
NERITOIDEA
Meritidae
Nerite albicilla X41971

VETIGASTROPODA
HALIOTOIDEA
Halictidas
* Nordotie discus

AFOB2LTT
TROCHOIDEA
Troschidae
Monodonta lokio X94271
Turbinickaes
® Berillis eormatis

AFTR3EL]

CAEMOCASTROPODA

NEOTAENIOGLOSSA
LITTORINGIDEA
Littorimidae
Litoring littorea

Xa1970
Nodilittoring punctate

Y1755
CALYFTRHAEDIDEA
Calyptracidae
Crepidula adunca

KB4 27T
TONNOIDEA
Bursidns
Burse rone XO4265

MEGGASTROPODA
MURICOIDEA
Muricidne
Feishin bronni XO852T
Rapama veniosa XESS26
Buccinldse
Pisanin strigfa X54272
Massariidue
Nagsarius finguiforens

Xb4273
Fascinlartidae
Fazciodorin Hgmn'.:l
X475
EUTHYNEUHRA
OPISTHOBRANCHIA
CEPHALASFIDEA
FHILINOIDEA
Hamineidae
* Bullocda erarta
AF1886T5

APLYSTOMORPHA

APLYSIOIDEA
A belne
iz sp. X94265

Ap
PULMOMATA

ARCHAEOPULMODNATA
ELLOBIOIDEA
ENohiidae
* Ellotinm chinensis
AF190452
BASOMMATOPHORA
SIFHONARIOTRNEA
Siphonariidae
Anthosiphonaria sirhus
XO8RZR
Biphenaria algesivae
X873
LYMMNAEQIDEA
Lymnaecidas
TFIFIRET ra ETaHRE
Iﬁ.&miymﬁ crbensis
53831
STYLOMMATOPHOIHA
MEASURETHRA
CLAUSILIOIDEA
Clansilifdae
Balea biplicata X84275
HETERURETHRA
Rucrineddae
Oxyloma sp. XB4276
Ormadonyx matheroni
AFT1EG
Athoracophoridas
Athoracophoms bitenta-
crdmbiny A FOET 1S
SIGMURETHEREA
ACHATINODINNEA
Achatinidse
Lirieodaria kambenl
X663T4
HELICOIDEA
HBru wpridines
*Aumewm sieboddi-
ana AF18453
Helicidars
Helix aspersa X31076
SYSTELLOMMATOFPHO-
HA
OMNCHIDIIONDEA
Onchidiidse
Orchidella celtica
XTO211 ’
VERONICELLOIDEA
Veronice|ldse
Laevicaulis alte XR42T0

MNote: Classification follows H

nar {19498a) for Strepto-

neura, Vaught (1989} for Opisthobranchia, and Boss (1982) for
Pulmonata, * New sequences marked with asterisk.
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respond to positions of human 185 rDNA). PCR ampli-
feations were performed with Taq DNA polymerase for
30 cycles (84° C for 1 min, 52° C for 2 min, and 72° C
for 3 min). The ends of the amplified DNA fragments
were modified for blunt-ended ligation nsing T4 kinase
and T4 polymerase. The blunt-ended 185 rDNAs were
ligated into pGEM-3zf{-) plasmid vector and trans-
formed into DHS-e cell lines. Sequencing primers used
in this study were reported in a previous paper (Moon
et al., 1996). 155 rRNA-coding regions were completely
sequenced in both directions with complete overlap, The
DNA sequencing was performed by the dideoxynucleo-
tide chain-termination method (Sanger ef al., 1977} us-
ing a Tag-Track kil []"mmeE'ﬁa Co.}, acconding to the
manufacturer’s instructions, E::imphmesis of sequenc-
ing reaction mixtures was performed on buffer-gradient
ﬁﬁﬁ polyvacrylamide gels and examined by autoradiogra-
Py

PraveoceENETIo Anarysis oF 185 RDNA SEoueNCES
 aligned with the CLUSTAL

The sequences were initially
W multiple-alignment program (Thompson ef al, 1964)
and the alignment refined manually. A data-set of align-
ment-stable positions was produced by excluding those
puositions that differed between alisnments (Gatesy ef al,
1993). Analyses were limited to relisbly alipned regions,
which included a total of 1754 nucleotide positions. Phy-
logenetic reconstructions  were med using the
neighbor-joining (N]), maximum-likelihood (ML}, and
maximum-parsimony (MP) methods. PHYLIP version
3.572¢ (Felsenstein, 1995) was used for the neighbor-
joining (Saitou and Nei, 1987) analyses. The distance
anclyses were done using Kimura (1980} and Jukes and
Cantor {1969) matrices as input for the neighbor-joinin
unal}'sr:s- Muadmum-likelihood analvses were perform
using the HEY (Hasegawa et al, 1985} model in FPAUP
4.0b2 (Swofford, 1989). For the quartet puzzling meth-
od (the number of puzzling steps is 1000}, empirical nu-
cleotide frequencies, and transition/transversion ratio of
L5 were estimated. Parsimony analyses were also per-
formed using the computer program PAUF version
4.0b2 with closest stepwise adl:ﬂtiun options, The anal-
yses emploved a heuristic search using TBR branch
swapping with random taxon addition. Branch length
was optimized according to the ACCTRAN opton.
Bootstrap analyses (Felsenstein, 1955} of one hundred
replicates were performed to examine the confidence of
nodes in NJ, ML, and MP analyses,

RESULTS

Figure 1A shows the phylogenetic tree resulting from
the neighbor-joining (N]) analysis using the Kimura
| 155108 lﬂl’zlf}c;zis of an alignment err;.;m l_itl:]lu':lnE rl?u]"-]h
SEUENCes st species, The polypla ran
Lepidozona (Lepidozona) -:'[:'E.ﬂ'ﬂ{m wﬁﬁeﬂmﬁ o=
group, The same tree 7 was also ohtained using
Jukes and Cantor (1969) distances. The Neritoidea

branches off first and the Vetigastr a (Trochoidea +
Halistoidea) dhtrg:s next a5 an irﬁmdenl clade be-
fore the clade Apogast (Caenogastropoda + Eu-
thyneura). The monophyly of the Veti and its
subclade the Trochoidea (represented by Monodonta
and Batillus] is clearly shown in the tree, with very high
boostrap support (1009 100¢%). The Caenogast @
shows a sister mrﬂhuunsh:‘p with the Euthyneura
with very high hootstrap support (94%), Monophyly of
the Caenogastropoda is surﬁ'.ﬂ-e{] {boostrap value =
100% ), though neither the Neotaenioglossa (= Meso-
gastropoda) nor the Neogastropoda emerged as mono-

phyletic clades.

There is strong bootstrap su (100%) for the
m vy of Euthyneura (Opisthobranchia + Pulmon-
ata), though the monophylies nlibﬁpisthuhmm:!ﬂu (Ce-
phalaspidea + Anaspioidea) and Pulmonata are not sup-
ported. The Basommatophora, consisting of the Siphon-
arinidea and Lymnaeoldea, did not emerge as a mono-

hyletic group. On the other hand, there is good support
or the monophylies of two additional groups in the Eu-
thyneura, the Stylommatophora (boostrap value = 84%)
and the Svstellommatophora (hoostrap value = 87%).
Bootstrap values strongly support the position of the
Succineidae (Omyloma and Omalonyr) within the sty-
lommatophoran clade. However, the position of the Sys-
tellommatophora within the Gastropoda was not posi-
tively deletrfnilmd in the nt study. i

The resulting tree from muximum-likelibood (ML)
analyses of the same data set is shown in figure 1B, The
ML tree confirms all the major results uﬁm N] trec
(Agure 14), with the tion that clades within Eu-
thyneura lack significant support. The new
branching order of Systellomma ra {Onchidella and
Laevicaulis), Aplysiomorpha {Aplysia), Archa mon-
ata (Ellobisnm)-Siphonaricidea (Siphonaria and Antho-
siphonaria), alaspidea (Bullacta), and Stylomma-
tophora in the clade differs from the order shown in the
NJ trea (fAgure 1A), A bﬁumurphu—ﬂ}ﬁuﬂu—mmﬂtuphn-
ra-Siphonarioidea and Archaeopulmonata—Cephalaspi-
dea-Stylommatophora.

The maxirmum parsimony (MP) analyses produced a
single tree with minimum length of 850 steps (figure
1C). Generally speaking, MP aizrlryms also }"I-E'i;'l:glﬂi sim-
ilar results except for minor differences in topologies
atm 5 within the caenogastropod and the eu
m:l.fgi m Maximum par.':imnn}'[::)hdm topological
shifts within the caenogastropod dade, eg, the new
branching order of Burse, Nassarius, and Pisenia—Fas-
ciolaria—Crepidula instead of the order shown jn the NJ
tree (hgure 1A), Crepiduls, Bursa, Pisania, Nassarius,
andl Fasciolaria. Within the Euthyneura, the MP tree
differs from the NJ tree only in those branching points
with low bootstrap values. There is no sister-group re-
Iaﬁr.nnshiﬁ among the Cephalaspidea (Bullacta), Aply-
siomorpha (Aplysia), Archaeopulmonata (Ellebium), Si-
phonarividea, Stylommatophora, and Systellommatopho-
Ia,
Mext, we focused on the Euﬂ\}ucm in separate,
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Figure 1. A. Nﬂigjlh:r\-jﬂinhl% tree determined by an alignment of 28 nearly complete 155 rDNA sequence data for gastropods

with Lepidozona coreandca (Polyplacophora) as outgroup. Bootstrap percentages are shown above branches rted in ot least
50% of 100 replicates. B. Strict consensus tree resulting from maximume-likelihood analyses of 29 neary mmlﬂeie gastropod 185

rDNA sequencos. Chaartet pozding. method and HEY (Hasegrsa of al, 1945 setting model were used,
[Polyplacophora) was the eutgroup. Bootstrap analysis was performed with 100
mony analvses hased on the

thie moded. (O, Stret consensus tree of maximom
complete gastropod 185 rDNA s (len

dozonn coreanion
licates; values above 509 are indicated above
3 informative sites of an alignment of 29 seardy

= 950; C1 = 06611, RI = 0.8418). Lepidozoma coreandca (Polyplacophora) was

the outgroup, Bootstrap values higher than 50% are idicated above the nodes.

mainly because the use of outgroups that are too far
removed from the clade in study may give origin to ad-
ditional homoplasies between inimu]g and outgroup s

cies. Figure 2A shows the results of N analyses of 16
nearly complete euthyneuran 155 rDNA sequences,
with the caenogastropod Littoring littorea as outgroup.

The resulting tree exhibits the same topology as the
complete NJ tree (fi 1A), with the exception that
Ell {Archae nata) becomes the sister group
to the clade Aplysiomorpha (Aplysia) + Systellomma-

ri—Siphonarioides, instesd of clade Cephalaspidea
(Bullacta) + Stylommatophora, as present in the com-
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Cryaihtranciin

Siphomais

lﬂ-: L ymnren
Hakerid pmmen
T Onehiaie
JRom— Laevicautis
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L Bakerilmmacs Butlscta
Littoring Litturin

Figure 2. A, Euthyneuran neighbor-joining tree determined by an alignment of 16 1 T euthynenran 185 rDNA
SEUEnCes, Using hmm !mlg?ﬂaﬁjzgmngrlﬁndn Ltttmimdarh}}lm uutgugnup Mumbers mnds |r!'|ﬂdtdimte 'nm}:r;a values higher
than 50%. B. Euthyneuwran mademum-likelihos determined by an alignment of 16 nearly complete mﬂhmuuran 185 rDNA
sequences, using Liftorina littorea (Caenogastropoda: Littorinidae) a8 oulgroup. Quartet pazsling method and HEY (Hasegawa ot
al, 1963) setting model were used, Bootstrap values above 50% are indicated above the 8. C. Euthyneuran maximum parsimeony
tree cubenlated from the 149 informative sites of an alignment of 16 nearly complete cuthyneuran 185 rDNA sequences, using

Littorina littoren (Caenogastropoda: Littorinidue) as outgroup (length = 415; C1 = 0.74%4; Rl = 06750}, Only bootstrap values
higher than 50% are indicated.

NJ tree. These two clades are not supported by nodes are very low. Nevertheless, the euthynepran ML
antrtrap analysis of the euthyneuran clade, When the tree strongly mpp::lrl'&d most of the major nodes found
euthyneuran ML tree (figure 2B) s compared to the in the entire ML tree, with generally ﬁghur bootstrap
entire ML tree (figure 1B), small topological shifts are values, Ma.tlmum imony analyses based on the 149
discernible. The 51 I:r:l:larl:lil:ha shml.rs a sister re- phylogen ormative characters of the alignment
lationship with Aplysiomorpha (Aplysia of with of 16 EI.I species produced a single tree with
.ﬂrchu.mpl.l.]mmla If.EH-lﬂHum:l, and this Slp]:lutmriui:lﬁu— minimm uf 415 Etl:PE- Eﬂm 2C). In the euthy-
Aplysiomorpha cluster appears as sister group of the Sys- neuran MP Lm: the first branching member is Cepha-

mmatophora instead of E:lplulaqﬂdea—-‘s'ty]nmmav laspiden {Bullacta) rather than Lymnaecidea (Basom-
tophora. However, bootstrap values that support these matnplmrn] found in the entire MP tree, The lupul-}gies
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for the remaining taxa are generally identical to the ones
in the tree containing all taxa. euthyneuran trees
resulting from NJ, ML, and MP unalyses confirmed the
topology of trees generated from the same types of anal-
yses but based on all taxa.

DISCUSSEI0N

For the phylogenetic relationships among and within the
gastropod major subgroups, our study suppofts several
Tﬁ:a(u of the study by Winnepennickx et al. (1995a).

Neritoidea diverged first, tollowed by the Vetigas-
tropoda. Next, the clade Apogastropoda, comprising the
Cutnugush'lﬁuh and Euthyneura {each well aupﬂ:rlr{]

as monophyvletic groups), appears as a monop
group. However, the N-E:nta.erduglngna = M

a.n.d the N (included in Caen
Puda“.' and the Pulmtmatu [included in Euﬂ'lmt'uru] i
not appear as mum:lphﬂl:'l'.lt groups, In Mﬂ]l‘]::u the po-
sition of Systellommatophora within the {}a.itm[nia
eniild nat be defined in the present study.

In contrast fo previous repnru or qmiﬁ?prmriduﬁ

maore details on gastropod phylogeny, espec with re-
ﬁll-d to the phylogenetic status of the Eub'.i_-.",l'lJu[.li- within

1w Euthyneura. All trees n:su]llng from NJ, ML, and
MP analyses refute the monophyly of the Opisthobran-
chia. This result su s the claims of many opistho-
branch workers, whom observed that parallelism and
COITVE e have oee ura:d m most mager organ svsbems
within the opisthobranchs (Ghiselin, 1965; Gosliner,
1981; 1885; 1991; Gosliner and Ghiselin, 19584; Poulicek
et al, 1991} and that the high degree of homoplasy i
many characters in opisthobranchs contribute to diffi-
culties in obtaining ro results from cladistio analyses
[Gosliner and Chiselin, 19584; Gosliner, 1985 1991).
Boettger (1955) maintained that the Opisthobranchia is
paraphyletic. Ponder and Lindberg (1957) also 5uggn5t—
ed that the Opisthobranchia is not monophyletic, a viese-

int in agreement with the results of -EI‘ et al, (1994)
me 2585 rDNA data, Tt is not surprising, therefore, that
many contradictory phylogenies and classification
schemes have been suggested for the Opi ranchia
ieg., Boettger, 1955; Taylor and Sohl, 1962. Ghiselin,
1865).

In relation to the phylogeny of the Pulmonata, we
have mentioned that the Basommatophora (sensu Ha-
szprunar and Huber, 18690, Siphonarioidea + Lymnaco-
idea), is not monophyletic, Tillier {1984) considered that
only Lymnaeoidea belongs to Basommatophora and 5i-
phonarividea to Archasopulmonata. He suggested that
pulmonates radiated into freshwater hahbitats as Basom-

hora and into marine hahbitats as Archaeopulmon-
ata. ier ef al (1996), based on 285 rDNA data,
showed that the Basommatophora is not monophyletic,
However, Haszprunar and Huber {1990) sugpested that
both S|phut|.;1r‘]:di_ipa and Lymnaeoidea cou allocat-
ed in Eummm.utuphnm due to the presence of common
micrph characters such as a procerebrum com-

prising only large cells, the lack of a contractile pneu-

mostome, and the presence of an rm:’num and pallial
ciliary tracts. Nordsieck (1992) base ce of
an anal opening shifted to the pu-sh.-nur mullt e lobe, also
considered the marine Thalassophila (Siphonarioidea) 1o
he the sister group of the limnic H mpl'ula I:Lvmnam
idea). Therefore, the common m !r‘ﬁ
found in the Basommatophoran, ruﬂu:r nt
g symapomaorphies, o all have been dur‘l'-' b com-
vergence, Nordsieck (1992), based on mo hn[np_;]ml
characters found in tentacles, kidney, central nervous
system, and aspects of ontogeny, considered the Stylom-
matophora to be a monophyletic group, which is con-
cordunce with the results dedved from 285 fDNA se-
quence data (Rosenberg of al, 1994; 1997; Tillier of al,
1954; Tillier et al., 1996}, Although there is instahility of
hrunthlng pattern, the results tor the cu suran clade
in the present !-'h.ll:l"r' indicate that the Succneidae irep-
Tl?'-iaf'rﬂl::d by Cxiploma and Omalonyr) belongs to the Sty-
lommatophora {eg, Solem, 1978, Tillier, 1959; Nord-
sieck, 18992, These results, however, contradict the view
of Rigby (1965) whom, on the basis of cal
.'r.L1'|'L|]1111l:u|=.'-.9ig Hes of the digestive and uchr;urpmd-
located the Succineidae in the Dp-:sl‘hﬂhmngﬁu Syna-
pomorphic characters such as the mare or less reduced
shell and mantle, and a visceral ganglion situated cen-
trally or on the left side with respect to the axis of the
central nervous system (e.g., Salvini-Plawen, 1950;
Nordsieck, 1992} support the mon h'n]}' of the Systel-
lommatophora (represented by One diidae and Veron-
icellidae}. However, this hyly has been questioned
by several authors {e.g., Climo, 1980; Tillier, 1954; Ha-
szprumar and Huber, 19‘EIUJ. Climo (1980) in particular
considered thn: wshll-:mmaluphomns as a }H:F}:Jhﬂﬁhr
.m:ﬂnl:u ng at the base of the enthyneurans,
Tillier Llﬂﬂi} jﬂ\e morpho-anatomical characters
of the pa]lm] eumplm:, di ive tract, rcprnd'ur:l:'m:, and
ocentral nerous sysbems, and divided the Pulmonata into
only three orders; Archasopulmonata, Basommatophora,
anl 'irg,.hmmntnp]mm He included the Systellommato-
phora in the Archaeopulmonata and sugpested that the
Omchidiidae (within Svstellommatophora) is more close-
related to the Ellobiidae (within Archaeopulmonata)
an to the Veronicellidae (within Systellom hora).
However, our present result supports the m viy of
Systellommat
Since the erection of the Vetigastropoda by Salvini-
Plawen (1980}, the presence of synapomorphic charac-
ters such as ctenidial sense organs, the epipodial sense
organs, and the speclal structure of the esophagus have
renerally supported the monophyvly of this (Salvini-
Plnwr:'n dPPO zprunar, 1987; T runar, 1988a; b
Ponder and Lmdh: 1986; 1997, rwtigush'ugmd
features incliude the dominant presence of the right do-
soventral retractor muscle, the right excretory organ, and
hilamellate ctenidia with skeletal rods. Previous molec-
ular data usin pa:ha] 185 rDNA [Hunm:w}t']l ef al.,
1997a; b) anrlg'rh: 288 rDNA (Tillier o al, 1984) se-
guences also supported the monophyly of the Vetigas-
tropoda, which is also supported in the present study.
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M vly of the Trochoidea (represented by Mono-
rhmnvlfﬂafﬂhu? is also mnﬁ.nnlld hfrcirl.h%m Tro-
choidea is defined by synapomorphies such as loss of the
right ctenidium in relation to the loss of the shell slit
{ Haszprunar, 1988a; b} and the monophyly of the group
is also in concordance with the study based on 285
rDNA sequences by Tillier ef ol (1994).

In conclusion, the 185 rDNA data strongly support
the monophyly of the followin Hpi]luer gastropod clades:
Vetigastropoda, Trochoidea ?wit in Vetigastropoda),
Apogastropoda, and the two included clades Caenogas-
t and Euthyneura. Within the euthyvneuran clade,
bath the Stylommatophora and the Svstellommatophora
are nmnnpﬁ}ietic. However, our 185 rDMNA data Fadled
to support monophyly of the Neotaenioglossa and the
ngush'upudu {withi Cu:nugaal:mpu:la:l, Crpisthobran-
chia, Pulmonata, and the P‘l:ljl'l'l'l.l'!llutt‘ H-uﬂ:lmlnaml:lhuru.
These non-monophyletic subgroups, therefore, at pre-
sent can be considered as grades rather than clades. The
hasal position of Neritopsina is confirmed in this study.
In »dgir;m.. the Succineidae is included in Stylomma-
tophora. 5till, the Systellommatophoran position within
the Gastropoda, that is, its immegiate relationship to ei-
ther Opi ranchia or Pulmonata, or to any other
qup or that matter, could not be defined. The insta-
ility of topology and short branch lengths within the
Caenogastro and the Euthyneura may be due to the
Fact that the maollusks, !ncludlnl% gastropods, apparent]
radiated in an “explosive” fashion during a relative
short period of time, Most extant major groups of mol-
lusks appeared around a relatively short time at the Pre-
cambrian/Cambrian boundary (e.g,, Bunnegar and Po-
jeta, 1985; Win i et al., 1996; Adamkewicz et
al., 1997; Harasewych ot al, 1997a). Future studies at-
tempting to define phylogenctic relationships at these
lf'\-tfi may take into L*Lm.'silglzruﬁun other molecules such
as eytochrome ¢ oxidase T andior 165 rDNA. Such mol-
ecules evolve more rapidly than 185 rDNA, aml seem
more likely to contain information needed to solve phy-
logenetic relationships within these clades.
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