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Molecular phylogenetic relationships among 45 members of the Helicoidea (Gastropoda: Stylommatophora) were
examined using partial mitochondrial 16S rRNA sequences. Phylogenetic relationships were inferred using maxi-
mum parsimony, maximum likelihood and Bayesian methods. The reconstructed phylogenies showed a good degree
of support for more recent branches, but gave little support to deeper nodes. Mitochondrial rDNA data further con-
firmed monophyletic status of helicids, recognized monachine hygromiid and bradybaenid clades and resolved a
number of relationships in the helicelline hygromiids. With the respect to the latter assemblage, most of the ana-
tomically based groups are confirmed, corroborating the diagnostic value of the dart-sac complex and a close affinity
between 

 

Ichnusomunda sacchii

 

 and species of the genus 

 

Cernuella

 

. Nevertheless, some well resolved branches chal-
lenge previous systematic arrangements, grouping species previously placed in different arrangements. In particu-
lar, support was not found for the monophyly of helicelline hygromiids with pedal penial innervation. Possible
explanations for these incongruencies are suggested. 16S sequence data are appropriate for studies of relationships
within the different species groups and less so for recovery of more ancient radiations in the Helicoidea. It will be
valuable to combine the 16S data with other gene sequences to estimate basal relationships. © 2005 The Linnean
Society of London, 
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INTRODUCTION

 

Of the many morphological, evolutionary, phenetic
and cladistic approaches to phylogenetic relationships
among the Stylommatophora, none has achieved gen-
eral consensus (see references in Emberton 

 

et al

 

.,
1990; Hausdorf, 1998; Muratov, 1999). Evidently,
shell, excretory, locomotor and genital gross anatomy
offer different solutions to the problem, solutions
which are easily disproved when either a new set of
characters or a different outgroup is considered. When
morphological features fail to give clear information
about relationships, molecular techniques have
proved invaluable (Wade, Mordan & Clarke, 2001). We
did research similar to that of Wade 

 

et al

 

. (2001), but

limited to one group of the Stylommatophora: the
Helicoidea.

The systematics of the Helicoidea (as traditionally
considered), one of the most studied stylommatopho-
ran groups, reflects this general situation. Uncer-
tainty exists not only with regard to position among
the Stylommatophora, but also on how many families
it includes. There is uncertainty about whether to
keep the group as a vast inclusive superfamily or to
divide it into separate superfamilies. Adopting an
evolutionary approach based on gross anatomy,
Schileyko (1979) divided it into four superfamilies:
Sphincterochiloidea, Helicodontoidea, Helicoidea and
Hygromioidea (later reduced to three: Helicoidea,
Xanthonychoidea and Hygromioidea; Schileyko,
1991a, b). A spermatological approach which revealed
substantial uniformity among many different
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families/superfamilies induced Giusti 

 

et al.

 

 (1992) to
conclude that there had been excessive fragmentation
into superfamilies and families.

The aim of the present study was to address phylo-
genetic relationships among representative taxa of
Helicoidea using 16S sequence variation. The heli-
coidean taxa examined only partly match those
examined by Wade 

 

et al

 

. (2001), so the results are
not easily compared. Nevertheless, significant concor-
dance emerged between certain results, which appear
to reinforce the phylogenetic hypotheses of Wade 

 

et al

 

.
(2001) as well as our own.

 

MATERIAL AND METHODS

DNA 

 

EXTRACTION

 

, 

 

AMPLIFICATION

 

 

 

AND

 

 

 

SEQUENCING

 

In total, 45 specimens representing most major heli-
coidean lineages were sequenced for molecular analy-
sis. Three additional sequences 

 

-

 

 

 

Euhadra herklotsi

 

(Helicoidea, Bradybaenidae), 

 

Discus catskillensis

 

(Punctoidea, Discidae) and 

 

Albinaria caerulea

 

 (Clau-
siliidae, Alopiinae) 

 

-

 

 were retrieved from the GenBank
database. 

 

A. caerulea

 

 and 

 

D. catskillensis

 

 were used
as outgroups. Species, sampling sites, and GenBank
accession numbers are given in Table 1, while the sys-
tematics of the genera to which the species examined
belong appears in Table 2.

Genomic DNA was isolated from foot muscle of
fresh, frozen or ethanol preserved specimens using
C-TAB buffer (0.1 

 

M

 

 Tris-HCl pH 8.0, 1.4 

 

M

 

 NaCl,
0.02 

 

M

 

 EDTA, 2% CTAB, 0.2% 2-mercaptoethanol)
and standard phenol-chloroform/ethanol extraction
method. This protocol performed well in avoiding
problems related to mucopolysaccharides in snail
mucus (Sokolov, 2000; Wade & Mordan, 2000), while
less tissue seemed to yield better quality DNA.

A fragment of the 16S rRNA gene, representing
most of the 3

 

¢

 

 half, was amplified by polymerase chain
reaction using the primer pairs 5

 

¢-

 

CGATTTGAACT
CAGATCA

 

-

 

3

 

¢

 

 (LR-J-12887, Simon 

 

et al.

 

, 1994) and 5

 

¢-

 

GTGCAAAGGTAGCATAATCA

 

-

 

3

 

¢

 

 (designed for scor-
pions, Gantenbein 

 

et al

 

., 1999). Amplification was per-
formed in 50 

 

m

 

L of reaction volume following a profile
consisting of 25 cycles with temperatures of 92 

 

∞

 

C for
20 s, 55 

 

∞

 

C for 30 s, and 72 

 

∞

 

C for 30 s, plus a final
extension step at 72 

 

∞

 

C for 5 min. Reaction products
were visualized on a 1.5% agarose gel and the appro-
priate band was cut and purified with ‘Nucleospin
extract’ (Genenco) column kit following the manufac-
turer’s instructions. The final products were used as
template for sequencing reactions. Both strands of all
specimens were sequenced at the core facility of
MWG-Biotech (Ebersberg, Germany) using the appro-
priate amplification primers as sequencing primers.
Sequences were submitted to GenBank.

 

P

 

HYLOGENETIC

 

 

 

ANALYSIS

 

Sequences were initially aligned using CLUSTAL W
(Thompson, Higgins & Gibson, 1994). This matrix was
then inspected and refined manually on the basis
of the ribosomal secondary structure of 

 

Cepaea
nemoralis

 

 and 

 

Euhadra herklotsi

 

 obtained from
the comparative RNA website (CRW) (http://
www.rna.icmb.utexas.edu; Cannone 

 

et al

 

., 2002). The
molluscan 16S consensus secondary structure model
was also used to identify gap positions and variable
regions across all taxa (Lydeard 

 

et al

 

., 2000). In order
to assess the amount of phylogenetic signal in our data
set, we generated 10000 random trees and calculated
the skewness (

 

g

 

1

 

) of the resulting tree distribution
with PAUP* v.4.0b10 (Swofford, 2001).

To address phylogenetic relationships among the
included taxa, three different analytical methods
were used: maximum parsimony (MP), maximum
likelihood (ML) and Bayesian inference (BI). MP and
ML reconstructions were performed with PAUP*. The
MP analyses were performed by heuristic search with
random sequence addition (TBR branch swapping;
Multrees option in effect). Ten replicates were per-
formed within each heuristic search. The ML analysis
requires a specific model of evolution to be specified a
priori. In order to select the substitution model that
best describes our data, sequences were analysed
with Modeltest v.3.04 (Posada & Crandall, 1998). This
program allows comparison of different models of
DNA substitution to be tested in a hierarchical
hypothesis testing framework. The optimal model
defined by Modeltest was then selected for ML analy-
sis. The resulting best fit model was the general time-
reversible model, with six rate classes, unequal base
frequencies, a parameter for invariable sites and a
gamma distributed rate heterogeneity parameter
(

 

GTR

 

 

 

+

 

 

 

G

 

 

 

+

 

 

 

I

 

). This model of nucleotide evolution was
incorporated in PAUP*.

To assess the robustness of relationships, 1000 boot-
strap replications were performed for MP. Due to pro-
hibitive computer time, the bootstrapping method
could not be used in the ML analysis. Instead, for the
ML tree we report bootstrap values for 1000 replicates
obtained from a neighbour-joining analysis of ML
distances obtained using the parameter estimates
derived from Modeltest.

Bayesian analysis was performed with MrBayes v.
2.01 (Huelsenbeck & Ronquist, 2001) with 

 

GTR

 

 

 

+

 

 

 

G

 

 

 

+

 

 

 

I

 

parameters estimated during the run, and using the
default value of four Markov chains. Each chain was
started from a random tree. Multiple chains can assist
in traversing tree space and help to avoid entrapment
in local topological optima. The ‘temperature’ param-
eter was set to 0.2. The Monte Carlo Markov chain
length was 2000 000 generations and trees were
sampled every 100 generations.
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RESULTS AND DISCUSSION

S

 

EQUENCE

 

 

 

CHARACTERISTICS

 

Among the helicodean taxa, sequences ranged in
length from 357 bp (

 

Cantareus apertus

 

 and the two

 

Chilostoma planospira

 

) to 387 bp (

 

Xerotricha conspur-
cata

 

 and 

 

X. apicina

 

). Relatively longer sequences
characterized the two outgroups, with values of 398 bp
for 

 

A. caerulea

 

 and 412 bp for 

 

D. catskillensis

 

. For
some taxa, two conspecific specimens were sequenced
in order to evaluate intraspecific variability in the
amplified fragment. Uncorrected percentage sequence
divergence (p-distances) ranged from zero
(

 

C. planospira

 

) to 1.3% (

 

Cochlicella acuta

 

) and was
correlated with geographical sampling.

After deletion of all ambiguities and gaps, a data
matrix with 342 unambiguously aligned positions was
available for phylogenetic reconstructions. Of these,
197 were variable and 171 were phylogenetically
informative under parsimony criteria. Base changes
and indels were observed almost exclusively in regions
known to be variable in molluscs (Lydeard 

 

et al

 

.,
2000), making accidental amplification of nuclear
copies of 16S target fragments unlikely.

Average composition of the fragments studied was
A 

 

=

 

 34.5%, C 

 

=

 

 13.8%, G 

 

=

 

 19.8% and T 

 

=

 

 31.7%. Sig-
nificant differences across taxa were not detected
(

 

c

 

2

 

 

 

=

 

 65.697; d.f. 

 

=

 

 141; 

 

P

 

 

 

=

 

 0.999), although there was
a bias in segment composition toward A 

 

+

 

 T (average

 

=

 

 66.2%), a pattern consistent with the one previously
observed in most invertebrate mitochondrial genes
(Simon 

 

et al

 

., 1994).

 

E

 

XCLUDED

 

 

 

REGIONS

 

The accuracy of phylogenies deduced from molecular
data depends critically on the accuracy of sequence
alignment, since the process of identifying areas of
ambiguous alignment in order to include or exclude
them is somewhat subjective. However, the use of
ribosomal RNA secondary structure information in
combination with a computer-assisted optimality
approach generally produces an increase in the num-
ber of alignments that provide a topology congruent
with a well-corroborated morphological hypothesis
(Titus & Frost, 1996).

In our data set, most gaps were of 1–2 nucleotides
and observed length polymorphism was mainly deter-
mined by a fragment corresponding to a loop in
the secondary structure of 16S rRNA (Lydeard

 

et al

 

., 2000; Cannone 

 

et al

 

., 2002). Comparing ten
sequences belonging to taxa representing the main
molluscan classes, Lydeard 

 

et al

 

. (2000) described
this loop region as the most variable of the entire 3

 

¢

 

half, ranging in size from 8 to 96 sites. In our data
set, which only included stylommatophoran gastro-

pods, this loop region varied in size from 2 to 28 sites.
Although we did not use this data in phylogenetic
analysis, it is interesting that observed length varia-
tion seemed to be correlated with the phylogenetic
reconstructions.

Representatives of helicids consistently had the
shortest loop region of all taxa examined, with values
ranging from 2 (

 

C. planospira

 

) to 7 (

 

Marmorana sax-
etana

 

) sites. Among representatives of the genus

 

Monacha

 

, loop length varied from 8 (

 

M. cartusiana

 

,

 

M. parumcinta

 

) to 17 sites (

 

M. cantiana

 

). In the two
bradybaenid taxa this region varied in size from 16
(

 

Euhadra herklotsi

 

) to 18 sites (

 

Bradybaena fructi-
cum

 

). Specimens belonging to hygromiids had consid-
erably longer loop regions. All these taxa had length
variations ranging from 24 to 28 sites.

 

P

 

HYLOGENETIC

 

 

 

ANALYSES

 

The 

 

g

 

1

 

 test statistic indicated that the observed tree
length distribution was significantly more skewed
than expected from random (g1 = -0.582, P < 0.01),
suggesting the presence of a good phylogenetic signal
in our sequences (Hillis & Huelsenbeck, 1992). MP
produced six equally parsimonious trees (tree length
= 1574, CI = 0.269, RI = 0.503), differing in minor
branch arrangements at internal nodes (Fig. 1).

The best-fit ML model contained the nucleotide sub-
stitution rate parameters: [A-C] = 1.24, [A-G] = 4.05,
[A-T] = 1.00, [C-G] = 0.20, [C-T] = 5.39 and [G-
T] = 1.00. The estimated nucleotide frequencies were
A = 0.373, C = 0.106, G = 0.136 and T = 0.384. The pro-
portion of invariable sites was estimated to be 0.365
and the shape of the gamma parameter was 0.495.
This model of sequence evolution supported two best
trees (– lnL = 6274.04) differing only in the position of
Helicella itala. One of these trees is shown as a phy-
logram in Figure 2.

The Bayesian Markov chain reached stationary
after approximately 70 000 generations. Therefore,
only trees sampled after this burn-in period were used
to determine posterior probabilities of model parame-
ters, branch lengths and clades. The consensus tree
from Bayesian analysis is shown in Figure 3.

Parsimony, likelihood and Bayesian methods pro-
duced phylogenetic hypotheses that were largely con-
gruent, with a few differences in the positioning of
certain internal nodes. Nevertheless, in all reconstruc-
tions, greater support was found in more recent
branches than at deeper nodes.

All the helicids analysed in this study (Marmorana,
Chilostoma, Eobania, Cantareus, Cepaea and Theba)
always formed a monophyletic group well supported
by Bayesian analysis (bpp = 95%). Inside this clade,
the two species of Helix (H. lucorum and H. pomatia)
and the two species of Cantareus (C. apertus and
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C. aspersus) were very close to each other and formed
two monophyletic groups, although support for the lat-
ter clade was less robust. Interesting but poorly sup-
ported nodes, suggesting close relationships between

Eobania vermiculata and the two Cantareus (already
suggested by Giusti, Manganelli & Schembri, 1995, on
a morphological basis) and between Marmorana sax-
etana and the two populations of Chilostoma plano-

Table 2. Systematics of the genera to which the helicoid species examined belong, according to Schileyko (1991b),
Schileyko & Menkhorst (1997), and Nordsieck (1987, 1993)

Genus  Schileyko (1991b) and Schileyko & Menkhorst (1997) Nordsieck (1987, 1993)

Bradybaena Xanthonychoidea, Bradybaenidae, Bradybaeninae Helicoidea, Bradybaenidae, Bradybaeninae
Candidula Hygromioidea, Hygromiidae, Hygromiinae, Cernuellini Helicoidea, Hygromiidae, Hygromiinae, 

Helicella–Candidula group
Cantareus Helicoidea, Helicidae, Helicinae Helicoidea, Helicidae, Helicinae, Helicini
Cepaea Helicoidea, Helicidae, Helicinae Helicoidea, Helicidae, Helicinae, Helicini
Cernuella Hygromioidea, Hygromiidae, Hygromiinae,

Cernuellini
Helicoidea, Hygromiidae, Hygromiinae,

Hygromia–Cernuella group
Cernuellopsis Hygromioidea, Hygromiidae, Trichinae, Helicellini Helicoidea, Hygromiidae, Hygromiinae, 

Hygromia–Cernuella group
Chilostoma Helicoidea, Helicidae, Ariantinae Helicoidea, Helicidae, Ariantinae
Cochlicella Xanthonychoidea, Cochlicellidae Helicoidea, Hygromiidae, Monachinae,

Cochlicellini
Elona Helicoidea, Elonidae Helicoidea, Xanthonychidae, Elonidae
Eobania Helicoidea, Helicidae, Helicinae Helicoidea, Helicidae, Helicinae, Helicini
Euhadra Xanthonychoidea, Bradybaenidae, Bradybaeninae Helicoidea, Bradybaenidae, Bradybaeninae
Helicella Hygromioidea, Hygromiidae, Trichinae, Helicellini Helicoidea, Hygromiidae, Hygromiinae,

Helicella–Candidula group
Helicodonta Hygromioidea, Helicodontidae, Helicodontinae Helicoidea, Hygromiidae, Helicodontinae,

Helicodontini
Helicotricha
Helix Helicoidea, Helicidae, Helicinae Helicoidea, Helicidae, Helicinae, Helicini
Hygromia Hygromioidea, Hygromiidae, Hygromiinae, Hygromiini Helicoidea, Hygromiidae, Hygromiinae, 

Hygromia–Cernuella group
Ichnusomunda
Lindholmiola Hygromioidea, Helicodontidae, Lindholmiolinae Helicoidea, Hygromiidae, Helicodontinae,

Lindholmiolini
Marmorana Helicoidea, Helicidae, Helicinae [as Murella] Helicoidea, Helicidae, Helicinae, Murellini
Microxeromagna Hygromioidea, Hygromiidae, Hygromiinae, Cernuellini Helicoidea, Hygromiidae, Hygromiinae, 

Pyrenaearia–Xerosecta group
Monacha Hygromioidea, Hygromiidae, Euomphalinae,

Euomphalini
Helicoidea, Hygromiidae, Monachinae,

Monachini
Polloneriella Helicoidea, Hygromiidae, Pyrenaearia–

Xerosecta group
Sphincterochila Sphincterochiloidea, Sphincterochilidae Helicoidea, Sphincterochilidae
Theba Helicoidea, Helicidae, Euparyphinae Helicoidea, Helicidae, Helicinae, 

Euparyphini
Trochoidea Hygromioidea, Hygromiidae, Euomphalinae,

Trochoideini
Helicoidea, Hygromiidae, Monachinae, 

Trochoideini
Xerolenta Hygromioidea, Hygromiidae, Trichinae, Helicellini Helicoidea, Hygromiidae, Hygromiinae,

Xerolenta–Xeromunda group
Xeromunda Hygromioidea, Hygromiidae, Hygromiinae, Cernuellini Helicoidea, Hygromiidae, Hygromiinae, 

Xerolenta–Xeromunda group
Xerosecta Hygromioidea, Hygromiidae, Hygromiinae,

Cernuellini
Helicoidea, Hygromiidae, Hygromiinae,

Pyrenaearia–Xerosecta group
Xerotricha Hygromioidea, Hygromiidae, Trichinae, Helicellini Helicoidea, Hygromiidae, Hygromiinae,

Helicella–Candidula group
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spira were also obtained. The last two groups are often
assigned to distinct subfamilies. At deeper nodes,
Theba pisana was always in basal position.

This result perfectly matches that of Wade et al.
(2001) who showed the monophyletic nature of a
rather similar group of helicids (Arianta, Marmorana,
Helicigona, Cantareus, Cepaea and Theba) on the
basis of different nuclear rDNA gene sequences (5.8S,
ITS-2, 28S).

Phylogenetic reconstructions recognized the five
Monacha species as a monophyletic clade with MP
bootstrap support of 67% and posterior probability of
86% in the Bayesian tree. Inside this assemblage,
M. cartusiana, Monacha sp. and M. parumcinta were
consistently grouped together (MP = 99%, ML = 95%,
bpp = 100%). The two species of the Bradybaenidae,
although genetically and geographically distant,
formed a monophyletic assemblage strongly supported

by Bayesian topology (bpp = 100%). These two clades
indicated a good phylogenetic resolution for the ampli-
fied fragment, at least to this taxonomic rank. On the
other hand, the assemblage grouping of the mona-
chine hygromiids with bradybaenids is completely
new and requires further verification because it sug-
gests relationships between two morphologically dif-
ferent groups of helicoids. Considering the lack of
statistical supports for this node, these relationships
are best viewed with caution.

Remarkably, all the phylogenetic analyses consis-
tently suggested paraphyly of the helicelline hygromi-
ids examined in this study (Candidula, Cernuella,
Cernuellopsis, Helicella, Helicotricha, Ichnusomunda,
Microxeromagna, Polloneriella, Trochoidea, Xerolenta,
Xeromunda, Xerosecta, and Xerotricha), with signifi-
cant differences in the three reconstructions. However,
lack of support for the internal nodes connecting heli-

Figure 1. Consensus tree (50% majority rule) from six most parsimonious reconstructions. Bootstrap values >50% are
shown above the branches (1000 replications).
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celline taxa, along with the short branches connecting
these nodes, suggest that our data do not provide a
clear resolution for resolving such ancient diver-
gences. To further test helicelline monophyly, we con-
strained the helicellines to be monophyletic and
performed another ML heuristic search. The –lnL of
the resulting optimal tree was 6287.12, which was not
significantly less likely than the best fit ML tree when
tested by Shimodaira-Hasegawa (P > 0.05) (Shimo-
daira & Hasegawa, 1999). Thus, our estimated phylog-
enies suggest the existence of a heterogeneous
assemblage of species within the helicellines, but we
cannot confidently reject the possibility that all these
taxa have a monophyletic origin.

Nevertheless, among representatives of the helicel-
line hygromiids, our phylogenetic analyses suggest
several interesting clades, though some nodes lack
statistical support. Examples include: (1) the assem-
blage grouping Xerolenta obvia, Xeromunda sp. and
Xeromunda durieui; (2) the three species of Cernuella,
Ichnusomunda sacchii and Polloneriella contermina;
(3) the two populations of Candidula spadae and Cer-
nuellopsis ghisottii; (4) the assemblage grouping Heli-
cotricha carusoi and Microxeromagna armillata.

These results are of particular interest because they
confirm most of the anatomically based groups. It is
particularly significant that the affinities between cer-
tain groups of the helicelline hygromiids with 0 + 2

Figure 2. Phylogram from best-fit maximum likelihood analysis using general time reversible model. Bootstrap values
obtained via NJ (using ML distance setting) are indicated at nodes with more than 50% support (1000 replications).
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dart-sac complex (DSC consisting of two sacs, one
inner dartless and one outer dart-secreting, on only
one side of the vagina) and certain of those with 2 + 2
dart-sac complex (DSC consisting of four sacs, one
inner dartless and one outer dart secreting, on oppo-
site sides of the vagina) have been confirmed. This is
true of Xeromunda sp. (0 + 2) and Xerolenta obvia
(2 + 2) and Microxeromagna armillata (0 + 2) and
Helicotricha carusoi (2 + 2). These relationships, pos-
tulated by us (Giusti & Manganelli, 1987; Manganelli
& Giusti, 1988; Giusti, Manganelli & Crisci, 1992),
were disregarded by Schileyko (1991b).

Another interesting result is the fact that a prob-
lematic taxon, Cernuellopsis ghisottii, characterized

by autapomorphic genital features (see Manganelli &
Giusti, 1988), received an allocation which could never
have been hypothesized on the basis of morphological
data. The internal structure of the distal vagina in
C. ghisottii is quite different from that of the Candid-
ula species with which it clusters in our molecular
trees and more similar to that of species of Cernuella.
By contrast, close relationships between Ichnuso-
munda sacchii (another taxon characterized by auta-
pomorphic genital features) and species of Cernuella
were hypothesized by us on a morphological basis
(Giusti & Manganelli, 1998).

Phylogenetic reconstruction failed to detect clear
morphologically based relationships in at least two

Figure 3. Consensus tree (50% majority rule) from Bayesian analysis. Values at nodes represent the marginal posterior
probability of each clade.
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cases: (1) the three species of Candidula that turned
out to be grouped separately, and (2) the helicelline
hygromiids with pedal penial innervation (Cernuella,
Ichnusomunda, Cernuellopsis, Candidula and Heli-
cella). The latter were grouped with taxa having
cerebral penial innervation (Polloneriella contermina
clustering with Cernuella and Ichnusomunda, Can-
didula intersecta and Helicella itala with Xerotricha,
etc.).

With respect to the Candidula specimens, since mor-
phological affinities among these three species are
indisputable (body and genital scheme are identical),
an explanation is that molecular results do not reflect
the true taxonomic relationships. This absence of
resolution was an unexpected result. In fact, 16S
sequence data from this study appear, in general, to
provide a good phylogenetic resolution within helicoids
at the conspecific-congeneric level. On the other hand,
our results indicated that the three Candidula species
are genetically well differentiated, with an observed
pattern that correlates with the proposed secondary
structure (suggesting that accidental amplification of-
non-functional nuclear copies did not occur). A possible
explanation for this high genetic divergence is that the
16S gene could be evolving faster in the Candidula lin-
eage than in the other helicoid species analysed.
Although an increased mutation rate seems a specu-
lative explanation, it is interesting to note that a
recent research based on 16S data of phenotypes
belonging to C. unifasciata (presumably representing
two different species) showed high genetic divergence,
of ‘the order of magnitude of those reported between
genera of other gastropod species’ (Pfenninger & Mag-
nin, 2001). More detailed analyses on this genus are
necessary to clarify this possibility.

With respect to helicelline hygromiids with pedal
penial innervation, we tested whether this group
could be held as a monophyletic clade without result-
ing in a topology significantly different from the best
unconstrained solution. The resulting ML tree was
56.3 log units worse than the best unconstrained
topology and was clearly rejected by Shimodaira-
Hasegawa (P < 0.05). Two different hypotheses can be
invoked to explain any discrepancy between molecular
phylogeny and morphology-based reconstruction.
Assuming that morphological systematics gives a true
representation of phylogenetic relationships among
these taxa, one may argue that the lack of correspon-
dence for mtDNA phylogeny is due to stochastic
lineage sorting. However, assuming that mtDNA
reconstruction accurately represents phylogenetic
relationships, the observed-non-monophyly would
indicate that different innervation of the penis (from
right pedal or cerebral ganglion) is irrelevant for phy-
logenetic reconstructions. These two explanations are
interesting alternatives for future investigations.

All reconstructions strongly suggest monophyly for
the clade grouping the two populations of Helicodonta
obvoluta with Lindholmiola girva (both helicodontine
hygromiids), although this assemblage is placed dif-
ferently in the three topologies.

Finally, our analysis failed to resolve the affinities of
Elona quimperiana and Cochlicella acuta. The former
is an enigmatic helicoid of uncertain relationship
(Zilch, 1960; Gittenberger, 1979; Nordsieck, 1987;
Schileyko, 1991b; Puente & Altonaga, 1995). The lat-
ter is usually considered to have relationships with
the monachine hygromiids (Zilch, 1960; Nordsieck,
1993), but recently Schileyko & Menkhorst (1997)
claimed that cochlicellids must be assigned to a dis-
tinct family (Cochlicellidae) belonging to the super-
family Xanthonichoidea (to which Sphincterochila
might also be related, according to Muratov, 1999).
The present analysis placed Cochlicella acuta close
to Sphincterochila, but without statistical support.
This allocation is in agreement with Schileyko &
Menkhorst (1997).

ABSENCE OF SUPPORT FOR INTERNAL NODES

Even though the BI, and to a lesser extent the ML and
MP trees recognized most currently accepted higher
helicoid taxa, basal relationships are not sufficiently
resolved in any of the analyses, suggesting that the
amplified fragments do not provide enough informa-
tion to detect relationships at this level.

Such problems may be alleviated by increasing the
number of characters, under the assumption that addi-
tional nucleotides follow the same evolutionary pat-
terns (Berbee, Carmean & Winka, 2000). A possible
solution might therefore be to increase our data set by
examining the complete 16S gene, but the 5¢ half of the
16S rRNA gene is presumably too variable for our pur-
poses (Gutell, Schnare & Gray, 1992; Simon et al.,
1994; Lydeard et al., 1998). Alternatively, data from
more conservative genes are needed to increase the
support of deeper nodes. On the other hand, if the
observed lack of phylogenetic resolution reflects a rapid
helicoidean radiation, probably no amount of data
would improve statistical support at deeper nodes.

To date, partial sequences from the mitochondrial
16S rRNA gene provide insights into the evolutionary
history of several stylommatophoran species group.
Resolution of relationships among different lineages is
useful to test morphological hypotheses and to formu-
late new hypotheses for further morphological studies.
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