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Abstract. Despite the diversity and importance of Mollusca, evolutionary relationships among the eight major lineages have been a 
longstanding unanswered question in Malacology. Early molecular studies of deep molluscan phylogeny, largely based on nuclear ribosomal 
gene data, as well as morphological cladistic analyses largely failed to provide robust hypotheses of relationships among major lineages. 
However, three recent molecular phylogenetic studies employing different markers and more data have signifi cantly advanced understanding 
of molluscan phylogeny by providing well-supported topologies and generally congruent results. Here, evolutionary relationships among 
the major lineages of Mollusca and implications of recent fi ndings for understanding molluscan evolution are reviewed. Most notably, 
all three of the recent studies reviewed herein recovered a monophyletic Aculifera, a clade including Aplacophora (Neomeniomorpha + 
Chaetodermomorpha; worm-like molluscs) and Polyplacophora (chitons). This fi nding argues against the previously widely-held notion of 
an aplacophoran-like ancestor of Mollusca. Also, these studies counter the widely held view that Gastropoda and Cephalopoda are sister taxa - a 
result with important implications for the fi eld of neurobiology where representatives of both taxa are used as models. Surprisingly, the 
one study that sampled the limpet-like Monoplacophora recovered it sister to Cephalopoda. Placement of Scaphopoda remains ambiguous 
as two studies place it sister to a Bivalvia-Gastropoda clade (Pleistomollusca) with strong support but another places Scaphopoda sister to 
Gastropoda with strong support. Ongoing work in several labs employing new sequencing technologies and analytical methods as well as 
morphological and developmental studies will undoubtedly continue to improve understanding of deep molluscan phylogeny and evolution.
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With estimates of up to 200,000 extant species (Ponder and 
Lindberg 2008), the phylum Mollusca is second in number of 
species only to Arthropoda. Moreover, with species as different 
as meiofaunal worms and giant squid, Mollusca is also one of the 
most morphologically variable metazoan phyla. Many molluscs 
are economically, ecologically, or biomedically important. 
Despite their diversity and importance, the extreme disparity 
in morphology among the major lineages (i.e., “classes”) 
has prompted numerous confl icting phylogenetic hypotheses 
(Haszprunar et al. 2008, Ponder and Lindberg 2008). Thus, the 
relationships among the major lineages of Mollusca are a great 
unanswered question, the answer to which is important for com-
parative studies in malacology as well as numerous other diverse 
fi elds. For example, because molluscs are well represented in the 
early animal fossil record, understanding molluscan evolution-
ary history has signifi cant implications for understanding early 
animal evolution and the identity of several Cambrian fossil taxa 
hypothesized to be stem-group molluscs including Odontogriph-
us omalus Conway Morris 1976 and Kimberella quadrata 
Glaessner and Wade, 1966 (Caron et al. 2006, Fedonkin et al. 
2007, Ivantsov 2009, 2010). Also, several molluscs are important 
models for the study of learning and memory (Moroz 2009). 

To date, analyses of morphology (e.g., Salvini-Plawen 
and Steiner 1996, Haszprunar 2000) and molecular datasets 
dominated by nuclear ribosomal genes (e.g., Passamaneck 
et al. 2004, Giribet et al. 2006, Wilson et al. 2010) have been 
unable to robustly resolve deep molluscan phylogeny. How-
ever, three recent studies employing a molecular phylogenet-
ic approach with new data from nuclear protein-coding genes 
have greatly advanced understanding of molluscan phyloge-
ny (Kocot et al. 2011, Smith et al. 2011, Vinther et al. 2011). 
Here, I review hypotheses of molluscan phylogeny proposed 
to date and summarize the current understanding of deep 
molluscan phylogeny in light of recent results. Remaining 
unanswered questions and future directions that should help 
answer them are discussed.

DEEP MOLLUSCAN PHYLOGENY

Morphological and previous molecular hypotheses
Most traditional hypotheses of molluscan phylogeny are 

based on adult morphological characters (Haszprunar et al. 
2008). The worm-like aplacophorans, Chaetodermomorpha 

* From the “Mollusks: The Great Unanswered Questions. The James H. Lee Memorial Symposium” presented at 77th Annual Meeting of the 
American Malacological Society on 24 July 2011 in Pittsburgh, Pennsylvania. All symposium manuscripts were reviewed and accepted by 
the Symposium Organizer and Guest Editor, Dr. Timothy A. Pearce.
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(= Caudofoveata) and Neomeniomorpha (= Solenogastres), 
have traditionally been considered plesiomorphic and “bas-
al” because of their relatively simple morphology and/or pos-
session of aragonitic sclerites rather than one or more shells 
(Salvini-Plawen 1980, 1981, 1985, 1990, 2003, Salvini-Plawen 
and Steiner 1996, Haszprunar 2000). Whether these two 
groups constitute a monophyletic taxon, Aplacophora 
(Scheltema 1993, 1996, Ivanov 1996, Waller 1998), or a para-
phyletic grade (e.g., Salvini-Plawen 1985, Salvini-Plawen and 
Steiner 1996, Haszprunar 2000) has been widely debated (re-
viewed by Haszprunar et al. 2008, Todt et al. 2008). Morphology 
has been variously interpreted t  o suggest basal placement for 
chaetoderms (Adenopoda hypothesis; Salvini-Plawen 1985; 
Fig. 1A) as well as neomenioids (Hepagastralia hypothesis; 
Salvini-Plawen and Steiner 1996, Haszprunar 2000; Fig. 1B). 
Studies (Bartolomaeus 1993, Ax 1999, Haszprunar and 
Wanninger 2008, Wanninger et al. 2007, Wanninger 2009) ex-
amining the anatomy of the phylum Entoprocta (= Kampto-
zoa), a hypothesized molluscan sister taxon, strengthened 
support for the Hepagastralia hypothesis. Most notably, the 
neomenioid nervous system and preoral sensory organ are 
strikingly similar to those of larval entoprocts (Wanninger 
et al. 2007). In contrast to hypotheses placing aplacophorans 
basal, the Aculifera hypothesis (Scheltema 1993, 1996, Ivanov 
1996; Fig. 1C) unites molluscs that possess sclerites by plac-
ing Polyplacophora as the sister taxon of Aplacophora. 
Aculifera is sometimes also called Amphineura although 
this latter term has also been confi ned to refer only to chitons 
by some workers (see Salvini-Plawen 1980 and Scheltema 
1993 for discussion). Other workers place chitons sister to 
Conchifera (Monoplacophora [= Tryblidia], Gastropoda, 
Cephalopoda, Scaphopoda, and Bivalvia) under the Tes-
taria hypothesis (Salvini-Plawen 1985, Salvini-Plawen and 
Steiner 1996, Haszprunar 2000) uniting molluscs with one 
or more shells. Molecular studies (Giribet et al. 2006, Wilson 
et al. 2010; see below) have suggested a close relationship 

between Polyplacophora and Monoplacophora (Fig. 1D) 
uniting the extant shelled molluscs with serially repeated 
muscles and ctenidia (except Nautilus). Within Conchifera, 
the previously most widely held hypothesis places Monopla-
cophora basal to two clades: Cyrtosoma (= Visceroconcha; 
Gastropoda and Cephalopoda) and Diasoma (= Loboconcha; 
Bivalvia, Scaphopoda, and the extinct class Rostroconchia) 
(Runnegar and Pojeta 1974, Pojeta and Runnegar 1976, Salvini-
Plawen 1985, Trueman and Brown 1985, Salvini-Plawen 
and Steiner 1996; Fig. 1E). Notably, Cyrtosoma was origi-
nally described to include Monoplacophora (Runnegar and 
Pojeta 1974) but the term has more recently been used 
by some (including Passamaneck et al. 2004, Kocot et al. 
2011, Smith et al. 2011, and Fig. 1E of the present contribu-
tion) to describe a clade including only gastropods and 
cephalopods.

Because of confl icting hypotheses based on morphologi-
cal data, molecular data are desirable as an independent 
source of data to address deep molluscan evolutionary rela-
tionships. Prior to the three most recent investigations of 
molluscan phylogeny, molecular studies have relied primarily 
on the nuclear small subunit (SSU or 18S) and large subunit 
(LSU or 28S) ribosomal genes (Winnepenninckx et al. 1996, 
Rosenberg et al. 1997, Passamaneck et al. 2004, Giribet et al. 
2006, Meyer et al. 2010, Wilson et al. 2010). Briefl y, the re-
sults of some of the most recent studies will be summarized. 
A maximum likelihood (ML) analysis of complete 18S 
and partial 28S sequences from 32 molluscs performed by 
Passamaneck et al. (2004) recovered all classes except for Bi-
valvia monophyletic, but support values at higher-level nodes 
were generally weak. Notably, analyses of 28S recovered 
Aplacophora monophyletic and strongly contradicted the 
previously widely accepted Diasoma hypothesis suggesting 
that scaphopods are more closely related to gastropods and/
or cephalopods than bivalves (Fig. 1F). Giribet et al. (2006) 
analyzed a combined dataset with sequences from 18S, 28S, 

16S, cytochrome oxidase 
I (COI), and histone H3 
from 101 molluscs using 
a dynamic homology ap-
proach with parsimony as 
the optimality criterion for 
direct optimization as well 
as a model-based approach 
using Bayesian inference 
(BI). As in Passamaneck 
et al. (2004), support values 
at higher-level nodes were 
generally weak. Also, nei-
ther Bivalvia nor Gastropoda 
were recovered monophy-
letic. Notably, a clade nesting 

Figure 1. Summary of leading hypotheses of molluscan phylogeny (modifi ed from Kocot et al. 2011). 
A, Adenopoda hypothesis placing Chaetodermomorpha basal. B, Hepagastralia hypothesis placing Neome-
niomorpha basal. C, Aculifera hypothesis placing Aplacophora sister to Polyplacophora. D, Serialia hypoth-
esis allying Polyplacophora and Monoplacophora. E, Diasoma and Cyrtosoma hypotheses allying Bivalvia 
to Scaphopoda and Gastropoda to Cephalopoda, respectively. F, Unnamed hypothesis, allying Scaphopoda 
and Cephalopoda.
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the monoplacophoran Laevipilina antarctica Warén and 
Hain, 1992 inside Polyplacophora, termed Serialia by the au-
thors, was recovered and well-supported in both analyses. 
However, the single monoplacophoran 28S sequence ana-
lyzed was later shown to be a chimera of monoplacophoran 
and chiton 28S (Wilson et al. 2010). After adding authentic 
data from a second monoplacophoran species and removing 
the contaminated portion of the Laevipilina antarctica 28S 
sequence, ML and BI analyses of the same genes by Wilson 
et al. (2010) still found support for Serialia. However, Neo-
meniomorpha was placed in a clade with Annelida (including 
Sipuncula) rendering Mollusca paraphyletic. Wilson et al. 
(2010) noted that the available Helicoradomenia Scheltema 
and Kuzirian, 1991 (Neomeniomorpha, Simrothiellidae) 18S 
sequences appeared similar to available annelid 18S sequenc-
es but not unambiguously enough to support their exclusion. 
Subsequent work by Meyer et al. (2010) substantiated the no-
tion that the available 18S sequences from Helicoradomenia, 
which, like at least some other simrothiellids (Todt, personal 
communication), is thought to feed on annelids (Todt and 
Salvini-Plawen 2005), and are chimeras with annelid 18S. 
Otherwise, Wilson et al. (2010) generally found weak support 
for other higher-level relationships as in previous studies.

Although nuclear ribosomal genes have been extremely 
informative to our understanding of deep metazoan phylog-
eny (e.g., Halanych et al. 1995, Aguinaldo et al. 1997), several 
studies employing these markers have been unable to resolve 
deep molluscan phylogeny. Therefore, these studies suggest-
ed that the use of other molecular markers is necessary to re-
solve this question. Several studies have demonstrated that 
PCR-amplifi ed fragments of conserved nuclear protein-coding 
genes can be very useful markers for higher-level metazoan 
phylogenetics (e.g., Ruiz-Trillo et al. 2002, Anderson et al. 
2004, Peterson et al. 2004, Helmkampf et al. 2008, Paps et al. 
2009, Sperling et al. 2009, Regier et al. 2010). Moreover, sev-
eral recent studies have addressed deep animal phylogeny 
using large amounts of nuclear protein-coding gene data de-
rived from genomes and transcriptome data instead of using 
PCR to amplify targeted gene fragments (e.g., Philippe et al. 
2005, Matus et al. 2006, Bourlat et al. 2006, Dunn et al. 2008, 
Hejnol et al. 2009, Meusemann et al. 2010, Pick et al. 2010, 
Andrew 2011, Struck et al. 2011). These so-called phyloge-
nomic studies, which employ dozens to hundreds of genes, 
have shown great promise in improving our understanding 
of animal phylogeny.

Recent advances in deep molluscan phylogenetics
In 2011, three studies (results summarized in Fig. 2) ad-

dressed deep molluscan evolutionary relationships using se-
quence data from nuclear protein-coding genes: Kocot et al. 
(2011), Smith et al. (2011), and Vinther et al. (2011). Kocot 
et al. (2011) and Smith et al. (2011) employed a phylogenomic 

approach with data from fragments of many genes whereas 
Vinther et al. (2011) used PCR-amplifi ed regions of seven 
genes in a target-gene approach. Although Kocot et al. and 
Smith et al. (2011) took a similar approach, it should be not-
ed that these two studies used quite different methods to pro-
cess transcriptome data, identify orthologous genes suitable 
for phylogenetic analysis, and curate fi nal alignments prior to 
analysis. Therefore, these studies represent three largely inde-
pendent assessments of molluscan phylogeny. In the follow-
ing sections, results of these studies will be compared and 
contrasted and their implications for molluscan evolution 
will be discussed.

Taxon sampling was generally comparable across the 
three studies (Table 1). Of interest, the two phylogenomic 
studies have considerable overlap in taxon sampling as both 
studies built on available transcriptome and genome data, 
and employed similar taxa for which new data were collected. 
Both studies collected data from Antalis Adams and Adams, 
1854, a gadilid scaphopod, Solemya velum Lamarck, 1818, a 
nuculid bivalve, Octopus vulgaris Cuvier, 1797, Nautilus pom-
pilius Linnaeus 1758, and Neomenia Tullberg, 1875. Camp-
bell and Lapointe (2009) suggested concatenation of closely 
related taxa to provide a more complete data matrix is superior 

Figure 2. Summary of relationships among major molluscan lin-
eages recovered by A, Kocot et al. (2011), B, Vinther et al. (2011), 
C, Smith et al. (2011).
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to using more taxa which are less well-sampled. As such, 
Kocot et al. (2011) combined data from closely related species 
(for example from two species of Crassostrea Sacco, 1897) 
into composite taxa in order to reduce the amount of missing 
data in the fi nal alignments. All three studies sampled at least 
one representative of each major lineage of Mollusca except 
for Monoplacophora, which was sampled only by Smith et al 
(2011).

Outgroup taxa sampled by Vinther et al. (2011) included 
two nemerteans, fi ve annelids, four brachiopods, and nine 
ecdysozoans. Smith et al. (2011) tested two different sets of 
outgroups. The fi rst, larger set included one ecdysozoan 
(Drosophila), three fl atworms, three annelids, two brachio-
pods, and two nemerteans. The second, reduced set excluded 
the fl atworms and Drosophila. Kocot et al. (2011) experi-
mented with several different sets of outgroups. The largest 
set included one cnidarian, two entoprocts, one cycliopho-
ran, two nemerteans, one brachiopod, and seven annelids. 
The cnidarian (Nematostella) was included in order to verify 
that the neomenioid data did not contain cnidarian (prey) 
contamination as has been shown to be a problem in studies 
of neomenioid ribosomal genes (Okusu and Giribet 2003, 
Meyer et al. 2010). Additional outgroup sets were also ana-
lyzed: excluding the distant outgroup Nematostella, excluding 
all outgroups except Annelida (which was placed sister to 
Mollusca with strong support in ML analyses), excluding all 
outgroups except Entoprocta + Cycliophora (which were 
placed sister to Mollusca with weak support in BI analyses), 
and excluding all outgroups except Entoprocta (because the 
cycliophoran Symbion was a long-branch taxon). 

Gene sampling was more variable across the three studies 
and each of the phylogenomic studies analyzed more than 
one data matrix. Vinther et al. (2011) sequenced seven nucle-
ar “housekeeping” genes and only included taxa sampled for 
at least fi ve of these genes. Although this data matrix is the 
smallest of the three, it is commendably the most complete of 
the three (Table 1). Studies have suggested that substantial 
amounts of missing data in phylogenomic studies do not re-
sult in systematic biases as long as suffi cient data are available 

to place each taxon (Wiens 2003, Philippe et al. 2004, Wiens 
and Moen 2008). However, Roure et al. (2012) recently 
showed that large amounts of missing data may exacerbate 
systematic errors by reducing the number of species effec-
tively available for the detection of multiple substitutions. 
More studies are needed to rigorously address this issue. 
Kocot et al. (2011) sampled a subset of 308 genes from the 1,032 
genes in the HaMStR model organisms dataset (Ebersberger 
et al. 2009). These genes were selected on the basis of several 
criteria designed to exclude paralogous groups and groups 
sampled for fewer than ten molluscs. Specifi cally, each align-
ment was manually evaluated and ML trees were made for 
each gene to screen for paralogs. Several additional datasets 
were assembled by Kocot et al. (2011) including a 243-gene 
subset of the 308-gene matrix assembled using an additional 
fi lter to screen out potential paralogs. Additionally, matrices 
of the top 200 and 100 best-sampled genes and matrices of 
just ribosomal and just non-ribosomal proteins were also 
analyzed to examine the effects of missing data. Smith et al. 
(2011) assessed sequence orthology in a manner similar to 
that of Hejnol et al. (2009) by comparing all sequences from 
all taxa using all-versus-all BLASTP and clustering similar se-
quences using a Markov algorithm employed by the program 
MCL (http://micans.org/mcl/). ML trees were generated for 
clusters with at least four taxa and only sequences corre-
sponding to terminal nodes in subtrees with no more than 
one sequence per taxon were retained.

Aculifera
Virtually all analyses of all three studies recovered the 

worm-like Neomeniomorpha (Solenogastres) and Chaeto-
dermomorpha (Caudofoveata) in a monophyletic clade, 
Aplacophora, sister to Polyplacophora (chitons) with strong 
support. This clade, Aculifera, was originally hypothesized on 
the basis of shared characters of the nervous system, sclerites, 
and epidermal papillae (see Scheltema 1993 and references 
therein). This hypothesis is also supported by ciliary 
ultrastructure (Lundin and Schander 1999, 2001a,b, Nielsen 
et al. 2007, Lundin and Schander 2008, Lundin et al. 2009). 

Table 1. Comparison of main data matrices analyzed by all three 2011 studies.

Kocot et al. Vinther et al. Smith et al. small matrix Smith et al. big matrix

No. genes 308 7 301 1,185
Alignment length (AAs) 84,614 2,026 50,930 216,402
No. taxa 49 51 46 46
No. molluscs 42 31 (30 genera) 35 (31 genera) 35 (31 genera)
Ave. gene occupancy 41% 85% 50% 40%
Matrix completeness 26% 81% 27% 21%
Placement of Scaphopoda Sister to (Gastropoda + 

 Bivalvia)
Sister to (Gastropoda + 
 Bivalvia)

Sister to Gastropoda Sister to Gastropoda
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Additionally, the presence of dorsal, serially secreted calcare-
ous structures may be a synapomorphy for Aculifera (Pruvot 
1890, Sutton 2001, Sutton et al. 2001, 2004, Scheltema and 
Ivanov 2002, Henry et al. 2004, Nielsen et al. 2007; but see 
Okusu 2002, Todt and Wanninger 2010). Chitons have eight 
(rarely seven in presumably malformed individuals) dorsal 
shells or valves as adults. Aplacophorans lack shells and adult 
specimens of all species studied to date lack any sort of serial 
organization of the sclerites (Scheltema and Ivanov 2002). 
However, larvae of the chaetoderm Chaetoderma Lovén, 1844 
(Chaetodermomorpha, Chaetodermatidae) exhibit seven se-
rially arranged rows of glandular spiculoblasts (Nielsen et al. 
2007). Additionally, sclerites of some (Pruvot 1890, Scheltema 
and Ivanov 2002) but not all (Thiele 1897, Baba 1938, 
Thompson 1960, Okusu 2002, Todt and Wanninger 2010) 
neomenioids exhibit some degree of serial arrangement dur-
ing development. The postlarva of an unidentifi ed species of 
neomenioid (probably belonging to the order Sterrofustia) 
described by Scheltema and Ivanov (2002) exhibited six dor-
sal groups of upright sclerites separated by seven areas of 
naked cuticle. Also, an earlier-stage larva of Nematomenia 
banyulensis Pruvot, 1890 (Neomeniomorpha, Dondersiidae) 
exhibited seven discrete rows of single, fl at-lying sclerites ar-
ranged in a similar fashion except there did not appear to be 
any bare regions between rows. Additional studies of apla-
cophoran development and phylogeny are needed to address 
this issue further. 

A molecular clock analysis by Vinther et al. (2011) indi-
cates that Mollusca appeared in the early Cambrian and that 
crown-group aculiferans originated sometime in the Late 
Cambrian to the Early Ordovician. Specifi cally, an analysis 
using the CIR relaxed molecular clock model and their recov-
ered topology (placing Cephalopoda sister to Aculifera; see 
below) estimated the most likely time of origin for crown 
aculiferans (extant chitons and aplacophorans) to be 488 
million years ago (mya; right around the Cambrian-Ordovician 
interface). However, the oldest-known chitons occur in Upper 
Cambrian rocks and thus are older than the estimated age of 
the crown-group aculiferans. The oldest known chiton, Che-
lodes whitehousei Runnegar et al. 1979, is known from Upper 
Cambrian rocks of the Ninmaroo Formation (Datsonian) of 
Queensland, Australia and numerous other Upper Cambrian 
chitons are known from North America with an especially 
diverse fauna described from the Upper Cambrian Eminence 
Dolomite of east-central Missouri (see Pojeta et al. 2010 and 
references therein). Crown-group (extant) chitons were esti-
mated to have originated 357 mya (Devonian) and Chitonida 
was estimated to have originated 272 mya (Permian) by Vinther 
et al. (2011). Notably, these estimates are not signifi cantly 
affected when Cephalopoda was excluded. In light of the 
recovered topology, estimated divergence times, and the fossil 
record of chitons, Vinther et al. (2011) rather convincingly 

argued that aplacophorans are derived from a chiton-like an-
cestor. Under this scenario, Upper Cambrian chitons such as 
Chelodes Davidson and King, 1874 may be interpreted as rep-
resenting the plesiomorphic state of Aculifera. Also, three Pa-
leozoic taxa, Acaenoplax hayae Sutton et al., 2001, 
Phthipodochiton (formerly ‘Helminthochiton’) thraivensis 
Sutton and Sigwart, 2012, and Kulindroplax perissokomos Sut-
ton et al., 2012 possess morphological features intermediate 
between chitons and extant aplacophorans and are inter-
preted to represent stem-group aplacophorans 
under this scenario (Sutton et al. 2001, Sutton et al. 2004, 
Sigwart and Sutton 2007, Sutton and Sigwart 2012). A recent 
cladistic morphological analysis including these and other 
fossil taxa as well as representatives of the extant aculiferan 
lineages also supports a chiton-like ancestor for extant apla-
cophorans (Sutton et al. 2012). Scheltema (1993) viewed 
aplacophorans as paedomorphic, retaining juvenile charac-
ters of chitons as adults. Some of the most convincing pieces 
of evidence in support of this hypothesis are the aplacopho-
ran distichous radula and fusion of the gonads to the pericar-
dium; character states that refl ect the early ontogeny of 
chitons. Additionally, neomenioids have an anterior pedal 
gland, a structure found in chitons only as larvae (Scheltema 
1993, Scheltema et al. 2003).

Aculiferan monophyly has important implications for 
studies of early molluscan evolution. Previously, a leading 
hypothesis of molluscan phylogeny (Haszprunar 2000, 
Haszprunar et al. 2008) placed neomenioid aplacophorans 
basal-most thus rendering “Aplacophora” as a basal, para-
phyletic grade. Under this scenario, the last common ances-
tor of Mollusca would be predicted to be a neomenioid 
aplacophoran-like animal: a small, worm-like, carnivore with 
a distichous radula, a foot without intrinsic musculature, a 
simple midgut, and a dorsal mantle that secreted aragonitic 
sclerites but not shells (Haszprunar et al. 2008). In light of 
strong support for Aculifera, many neomenioid characters 
are most likely synapomorphies (e.g., non-muscular foot, 
simple midgut, primarily distichous radula without subradu-
lar membrane). However, because the relationships within 
Aplacophora are poorly understood (reviewed by Todt et al. 
2008), the phylogenetic framework needed to understand the 
evolutionary polarity of certain aplacophoran morphological 
characters – and therefore those of Aculifera and even Mollusca 
as a whole – has been lacking. 

Ancestral state reconstruction based on the topology of 
Kocot et al. (2011) suggests that a ventral muscular foot, dor-
sal cuticularized mantle, mantle cavity containing ctenidia, 
and regionalized gut are plesiomorphic for Mollusca. How-
ever, for some characters, results of the ancestral state recon-
struction analyses by Kocot et al. (2011) were ambiguous or 
in contrast with other studies. For example, ancestral state 
reconstruction suggested that the plesiomorphic condition of 
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the molluscan radula is broad and rasping with multiple teeth 
per row (polystichous) attached to a fl exible radular mem-
brane supported by muscular and cartilage-like bolsters as 
in chitons and most conchiferans (see Scheltema et al. 2003 
and references therein). In contrast, two putative stem-group 
molluscs, Odontogriphus Caron et al., 2006 and Wiwaxia 
Conway Morris 1985 have been interpreted to have had a 
narrow, distichous radula like that found in most aplacopho-
rans (Caron et al. 2006, Scheltema et al. 2003) suggesting that 
a distichous radula is plesiomorphic for Mollusca. Under this 
scenario, the results of Kocot et al. (2011) would suggest that 
chitons and conchiferans appear to have independently 
evolved broad, rasping radulae while most aplacophorans 
have retained the plesiomorphic state. However, recently 
Smith (2012) examined the feeding apparatuses of over 300 
specimens of Odontogriphus and Wiwaxia using backscatter 
electron microscopy and presented a dramatically different 
reconstruction of the radulae of these taxa. Smith found that 
Odontogriphus and Wiwaxia have two or three rows of teeth 
each with a single medial tooth fl anked on either side by mul-
tiple, separate shoehorn-shaped teeth. Thus, Odontogriphus 
and Wiwaxia possessed a polystichous radula more like that 
of chitons and conchiferans than that of most aplacophorans.

The plesiomorphic state of the molluscan scleritome 
(shells and sclerites) also remains ambiguous. Kocot et al. 
(2011) and Smith et al. (2011) placed Aculifera sister to Con-
chifera. However, Vinther et al. (2011) recovered Aculifera 
sister to Cephalopoda thus rendering Conchifera paraphy-
letic. Although this topology is at odds with most traditional 
morphological hypotheses, it has been recovered in other 
studies with limited taxon sampling for Mollusca (Dunn et al. 
2008, Lieb and Todt 2008, Meyer et al. 2011). If Conchifera is 
indeed paraphyletic with cephalopods sharing a more recent 
common ancestor with aculiferans than other conchiferans, 
this suggests that the shelled, conchiferan condition is plesio-
morphic for Mollusca. However, Vinther et al. (2011) noted 
that the recovery of conchiferan paraphyly may be the result 
of an incorrectly placed root for Mollusca and therefore per-
formed several tests to determine if this was the case. Interest-
ingly, the observed placement of cephalopods was robust to 
both sequential exclusion of long-branched, unstable, and 
compositionally heterogeneous taxa and phylogenetic signal-
dissection via slow-fast analysis. Despite this, because both 
Smith et al. (2011) and Kocot et al. (2011) recovered a mono-
phyletic Conchifera, which is supported by several apparent 
synapomorphies (see below), the available data appear to 
favor conchiferan monophyly. Unfortunately, an aculifer-
an-conchiferan dichotomy makes it diffi cult to infer the ple-
siomorphic state of the molluscan scleritome. Although 
aculiferan sclerites, chiton valves, and conchiferan shells are 
all extracellular calcareous secretions of the mantle, structural 
and developmental differences suggest that these structures 

are not strictly homologous (Haas 1981, Scheltema 1993, 
Furuhashi et al. 2009). Haas (1981) argued that secretion of 
aplacophoran and chiton sclerites, despite some differences 
in the mantle epithelium, takes place in nearly the same way. 
Aplacophoran sclerites studied to date are secreted by one 
basal cell whereas chiton sclerites may be secreted by one 
basal cell (microspines) or a proliferation of cells derived 
from the basal cell (megaspines). This suggests homology of 
aplacophoran and chiton sclerites. On the other hand, the 
lack of a true periostracum, periostracal groove, and a differ-
entiated shell-secreting epithelium (shell gland) in chitons 
clearly distinguishes their shell structure and formation from 
that of the conchiferans. Therefore, it is puzzling that Haas 
(1981) argued in favor of the Testaria hypothesis and stated: 
“It is out of the question that the aplacophoran classes So-
lenogastres and Caudofoveata are phylogenetically closely 
related to the [poly]placophorans. Considering hardpart for-
mation, such a relationship is not possible.” Comparative 
studies examining the formation of sclerites and shell plates 
in aculiferans are desperately needed to improve understand-
ing of the homology of these structures. 

Developmentally speaking, chiton shells are secreted by 
cells that arise from postrochal (2d) cells (Heath 1899, Henry 
et al. 2004). The situation is similar in conchiferans (Lillie 
1895, Conklin 1897) although other micromere lineages (2a, 
2b, 2c, and sometimes 3c) also contribute in forming the con-
chiferan shell gland (Damen and Dictus 1994, Render 1997). 
Interestingly, chiton sclerite-secreting cells arise from postro-
chal (2a, 2c, 3c, and 3d) as well as pretrochal cells (1a and 1d) 
suggesting that chiton sclerites are not strictly homologous to 
chiton or conchiferan shells although the genetic mecha-
nisms involved in their production and patterning on the 
body may be (Scheltema and Ivanov 2002). No cell lineage or 
developmental gene expression studies have been conducted 
in aplacophorans to date.

Placement of Cephalopoda and Monoplacophora
Cephalopods have long been thought to be closely relat-

ed to gastropods on the basis of several morphological char-
acters, most of which are related to the nervous system. 
Specifi cally, both cephalopods and gastropods possess a well-
developed, free head with cephalic eyes and a visceral loop 
inwards of the dorsoventral musculature. Also, both groups 
have a morphologically posterior, terminal mantle cavity and 
a similar antagonistic, three-dimensional muscle-on-muscle 
system (Salvini-Plawen 1985, Trueman and Brown 1985, 
Runnegar 1996, Salvini-Plawen and Steiner 1996, Haszprunar 
et al. 2008). Surprisingly, none of the recent studies of mol-
luscan phylogeny found any support for a close relationship 
between gastropods and cephalopods but instead placed gas-
tropods in a clade with bivalves and/or scaphopods. There-
fore, features uniquely shared by gastropods and cephalopods 
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must be reinterpreted as symplesiomorphies or convergen-
ces. Notably, the relatively complex brains of gastropods and 
cephalopods have been suggested to have evolved indepen-
dently (Moroz 2009, 2012).

As discussed above, Vinther et al. recovered Cephalopo-
da sister to Aculifera but Kocot et al. and Smith et al. both 
recovered a monophyletic Conchifera in most analyses. 
Kocot et al. (2011), who did not sample Monoplacophora, 
placed Cephalopoda sister to a clade including Gastropoda, 
Bivalvia, and Scaphopoda. Conchiferan relationships recov-
ered by Smith et al. (2011) were similar, but one key fi nding 
by Smith et al. (2011) was placement of Cephalopoda and 
Monoplacophora as sister taxa with strong support in most 
analyses. The topology of Smith et al. (2011) is in contrast to 
previous molecular studies suggesting that Monoplacophora 
and Polyplacophora form a clade, Serialia (Giribet et al. 2006, 
Wilson et al. 2010). Examination of site likelihoods by Smith 
et al. (2011) revealed that many more sites in their dataset are 
consistent with the recovered topology than Serialia. Recov-
ery of conchiferan monophyly is perhaps no surprise to mor-
phologists who have long viewed the uni- and bivalved 
molluscs as a natural group. As noted above, several mor-
phological synapomorphies support Conchifera including 
shell(s) secreted by a shell gland, jaws, statocysts, the subrec-
tal commisure, and cerebrally-innervated tentacles (reviewed 
by Salvini-Plawen 1980, Haszprunar 2000). 

Perhaps more surprising to at least some morphologists 
is the recovery of a close relationship of cephalopods and try-
blid monoplacophorans. Although the slow-moving, ben-
thic, deep-sea monoplacophorans are at least in general 
appearance dramatically different from the highly active 
cephalopods, the fossil record (Yochelson et al. 1973, Chen 
and Teichert 1983, Webers and Yochelson 1989, Kröger and 
Mutvei 2005; reviewed by Kröger et al. 2011) and morpho-
logical characters shared by monoplacophorans and some 
cephalopods (Holland 1987, Runnegar 1996, Shigeno et al. 
2010) appear to be at least consistent with the existence of a 
clade including monoplacophorans and cephalopods. How-
ever, it is generally accepted that the Paleozoic taxa ascribed 
to “Monoplacophora” do not represent a monophyletic tax-
on. The oldest bona fi de cephalopod fossil is the middle Late 
Cambrian Plectronoceras cambria Walcott, 1905. Plectronoc-
eras cambria was characterized by a dorsal, chambered shell 
and multiple paired serially arranged muscles, which left 
attachment scars reminiscent of those of tryblid and some 
other monoplacophorans. Thus, cephalopods have been 
suggested to be derived from chambered monoplacophoran-
like taxa with either the tall, conical Knightoconus Yochelson 
et al., 1973 or the more slender Tannuella Rozanov et al., 1969 
being the most likely known candidates. However, the rela-
tionship of these fossil taxa to exant (tryblid) monoplacopho-
rans is unclear (reviewed by Kröger et al. 2011). 

Notably, Salvini-Plawen (1980) drew Monoplacophora 
and Cephalopoda (“Siphonopoda”) as sister taxa in his “Dia-
gram of the phylogenetic radiation of the Mollusca” (Fig. 5) 
although other fi gures and the text of his paper generally ar-
gued for a closer relationship of Monoplacophora and Gas-
tropoda among the extant molluscan taxa. 

Relationships among Gastropoda, Bivalvia, and Scaphopoda
All three studies recovered a clade including Gastropoda, 

Bivalvia, and Scaphopoda. One potential synapomorphy 
for this grouping is a relatively thick, multilayered shell 
(Runnegar 1996, Smith et al. 2011) although scaphopods 
commonly only have two shell layers (Reynolds and Okusu 
1999). Interestingly, the relationships among Gastropoda, 
Bivalvia, and Scaphopoda are not consistent across studies. 
Most analyses by Kocot et al. (2011) and Vinther et al. (2011) 
placed gastropods and bivalves as sister taxa with strong sup-
port whereas Smith et al. (2011) recovered gastropods and 
scaphopods as sister taxa. In all three studies, the position of 
Scaphopoda tends to be one of the most poorly-supported 
nodes suggesting that diffi culties in reliably placing this group 
are likely responsible for the uncertainty in this region of the 
tree. Indeed, the two scaphopods sampled by Kocot et al. 
(2011) exhibit the two lowest leaf stability scores of any sam-
pled taxa by far. Briefl y, leaf stability scores are a measure of 
the consistency of a taxon’s position relative to other taxa 
among bootstrap pseudoreplicates. Taxa with low leaf stabil-
ity “bounce around” among bootstrap replicates and thus 
tend to cause overall low support for that region of the tree 
(Dunn et al. 2008). Additionally, Scaphopoda was one of or 
the most poorly-sampled major molluscan lineage in all three 
studies. Additional data from scaphopods may help improve 
resolution in this region of the tree.

The widely held Diasoma or Loboconcha hypothesis, 
which allies Scaphopoda and Bivalvia (along with the fossil 
taxon Rostroconcha), was not recovered by any of the three 
most recent molecular studies. A close relationship between 
these two taxa was fi rst suggested on the basis of similarities 
of the weakly-developed head, pedal morphology and forma-
tion of mantle and shell. Subsequent paleontological studies 
led to the suggestion that Rostroconchia, a fossil group of 
laterally-compressed, bivalve-like molluscs, represents the 
stem group of Bivalvia and Scaphopoda (Runnegar and 
Pojeta 1974, Pojeta and Runnegar 1976, Pojeta 1985). This 
hypothesis has been widely cited (see Steiner and Dreyer 2003 
and references therein), however, discrepancies in the devel-
opment of rostroconch and scaphopod body axes (Steiner 
1992) and in the protoconch formation of scaphopods and 
bivalves have been noted (Wanninger and Haszprunar 2001). 
Therefore, at least some characters shared by scaphopods and 
bivalves interpreted as synapomorphies for Diasoma may 
instead represent convergent adaptations to a burrowing 
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lifestyle. Alternatively, Scaphopoda has been suggested to be 
closely related to Gastropoda on the basis of similarities of 
their head tentacles, prominent dorsoventral body axes, and 
the occurrence of shell slits (e.g., Plate 1892) but workers es-
pousing this viewpoint usually also placed these taxa close to 
cephalopods (see Steiner and Dreyer 2003 and references 
therein), which does not appear to be the case.

A Gastropoda-Bivalvia relationship has received little 
consideration in the literature. However, it has been recov-
ered in previous studies with limited taxon sampling for 
Mollusca (Dunn et al. 2008, Meyer et al. 2011). Similarities 
in gastropod and bivalve veliger larvae have long been 
recognized – both have unique larval retractor muscles and a 
velum muscle ring, characters absent from all other conchif-
erans (although monoplacophoran larvae have not been 
studied and cephalopods have highly modifi ed larvae; Wan-
ninger and Haszprunar 2002). Another potential synapo-
morphy is loss of the anterior ciliary rootlet in locomotory 
cilia (Lundin et al. 2009). Kocot et al. (2011) noted that gas-
tropods and bivalves are by far the most successful molluscs 
in terms of number of species and conservatively estimated 
that most (> 95%) molluscs fall within this clade. Because of 
a lack of a clear morphological synapomorphy that unam-
biguously distinguishes gastropods and bivalves from all oth-
er molluscs and is amenable to a scientifi c name, they 
proposed the name Pleistomollusca (pleistos from Greek for 
“most”) for this hypothesis to include the last common an-
cestor of Gastropoda and Bivalvia and all descendents. 

Relationships within major lineages
In addition to utility for deep phylogenetics (e.g., the 

relationships among major molluscan lineages), nuclear 
protein-coding genes appear to have great potential to help to 
resolve unanswered questions about relationships within ma-
jor molluscan lineages (e.g., Kocot and Halanych 2009, 
Aktipis and Giribet 2010). None of the three most recent 
studies sampled enough aplacophorans, chitons, or scaph-
opods to discuss relationships within these groups. Likewise, 
taxon sampling for Cephalopoda was limited in all three 
studies although the traditional placement of Nautilus 
sister to Coleoidea with Octopodiformes/Vampyropoda sis-
ter to Decapodiformes/Decabrachia was recovered by all. 

Within Bivalvia, most analyses by Kocot et al. (2011) and 
Smith et al. (2011) recovered Protobranchia monophyletic 
and sister to all other bivalves but Vinther et al. (2011) placed 
the single sampled protobranch Nucula Lamarck, 1799 sister 
to the arcoid Anadara Gray, 1847 with strong support. Smith 
et al. (2011) sampled all three lineages of protobranch bi-
valves and recovered Protobranchia monophyletic with 
Solemyoida sister to a clade of Nuculoida + Nuculanoida, in-
consistent with the Opponobrachia hypothesis that places 
Nuculoidea sister to Solemyoida (Giribet 2008). Kocot et al. 

(2011) and Smith et al. (2011) both recovered Pteriomorpha 
monophyletic but relationships within the group were vari-
able across analyses. Interestingly, Kocot et al. (2011) place the 
unionid mussel Hyriopsis Conrad, 1853 sister to Veneroidea + 
Anomalodesmata with strong support in all analyses but 
Smith et al. place Hyriopsis sister to Veneroidea + Pteriomorpha 
with strong support in all analyses.

Relationships among major clades within Gastropoda 
were also somewhat variable and inconsistent across studies. 
Vinther et al. and most analyses by Smith et al. (2011) placed 
the patellogastropod Lottia Gray, 1833 sister to Vetigastropo-
da consistent with the Archaeogastropoda hypothesis 
(Haszprunar 1988) but most analyses by Kocot et al. (2011) 
placed Lottia sister to all other gastropods consistent with the 
Patellogastropoda-Orthogastropoda hypothesis (Ponder 
and Lindberg 1997). Kocot et al. (2011) sampled only one 
vetigastropod, Haliotis Linnaeus, 1758, but they also sampled 
the neritimorph Theodoxus Montfort, 1810. Most analyses 
place Haliotis and Theodoxus as sister taxa or as part of a poly-
tomy with Caenogastropoda + Euthyneura but support for 
any relationships among these taxa was generally weak. All 
analyses of all three studies recover Caenogastropoda and Eu-
thyneura as sister taxa with strong support. Kocot et al. (2011) 
and Vinther et al. (2011) both sampled the littorinomorph 
caenogastropods Littorina Férussac, 1822, Strombus Linnaeus 
1758, and Crepidula Lamarck 1799 and agreed on the rela-
tionships among these taxa: Littorina was placed sister to a 
clade including Strombus and Crepidula. However, placement 
of Neogastropoda differed between these studies. Vinther 
et al. recovered Littorinomorpha monophyletic and sister 
to Neptunea Röding, 1798 + Buccinum Linnaeus, 1758 (both 
Neogastropoda, Buccinidae) with strong support while 
Kocot et al. (2011) recovered Littorinomorpha paraphyletic 
with Ilyanassa Stimpson, 1865 (Neogastropoda) sister to 
Crepidula with strong support in all analyses. Within Euthy-
neura, Kocot et al. (2011) had the broadest taxon sampling. 
Opisthobranchia was paraphyletic with respect to Pulmonata 
in agreement with recent studies showing that the “sea slugs” 
do not form a natural group (Wägele et al. 2008, Schrödl et al. 
2011). Notably Anaspidea was placed sister to Pulmonata by 
Kocot et al. This result was echoed by Vinther et al. who 
placed Aplysia Linnaeus, 1767 sister to Biomphalaria Preston, 
1910 to the exclusion of Coryphella Gray 1850. The mono-
phyly of Nudipleura (Nudibranchia + Pleurobranchoidea) 
was sensitive to analytical method: Bayesian inference tended 
to recover Nudipleura monophyletic whereas maximum like-
lihood tended to recover this clade paraphyletic with Pleuro-
branchaea Bergh, 1897 sister to Anaspidea + Pulmonata. As 
noted by Smith et al. (2011), with as many as 100,000 living 
gastropod species, the sampling of gastropods in all three 
studies does not even begin to cover the diversity of this spe-
ciose and successful group.
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CONCLUSIONS AND FUTURE DIRECTIONS

The three most recent studies addressing deep molluscan 
phylogeny have demonstrated that molecular data in the 
form of nuclear protein coding gene sequences are useful for 
improving understanding of evolutionary relationships both 
among and within the major lineages of Mollusca. A consen-
sus tree depicting the current understanding of deep mollus-
can phylogeny as inferred by these studies is presented in Fig. 3. 
Aplacophora is a monophyletic clade sister to Polyplacopho-
ra. Together Aplacophora and Polyplacophora constitute a 
clade called Aculifera, a group estimated to be around 488 
million years old (Ordovician). In light of these results, the 
worm-like aplacophorans have been suggested to be derived 
from a chiton-like ancestor (Vinther et al. 2011), a hypothesis 
that is at least consistent with the fossil record. Comparative 
studies examining the developmental timing of features sug-
gested to be paedomorphic in aplacophorans relative to the 
adult condition of chitons will undoubtedly help provide in-
sight into this issue. In this vein, virtually all aspects of the 
biology of Aplacophora warrant further study (See paper by 
Todt in this issue). Although aplacophorans are both com-
mon and relatively diverse, in the last twenty years, only 
around ten workers have performed descriptive work on the 
group. Approximately 400 species are named but many more 
are known and await formal description (Glaubrecht et al. 
2005, Todt unpublished data). Also, the aplacophoran fauna 
of many regions (e.g., Australia) has received virtually no at-
tention and behavioral and physiological studies on the group 
are practically non-existent. Currently the phylogeny of both 
aplacophoran clades is poorly understood although work is 
underway (Mikkelson et al. unpublished data, Kocot et al. 
unpublished data). Understanding the evolutionary rela-
tionships within Aplacophora is important because a well-
resolved phylogeny of this group would greatly inform studies 

addressing the evolution of several key molluscan characters 
for which the plesiomorphic state of Aplacophora is un-
known. Comparative studies of representatives of Aplacoph-
ora and putative relatives of Mollusca (e.g., Entoprocta) will 
likely prove equally interesting as aplacophorans (especially 
neomenioids) possess some morphological features strikingly 
similar to those of larval entoprocts.

Within Conchifera, Cephalopoda and Gastropoda are 
not sister taxa as previously thought. This fi nding will un-
doubtedly have important implications for workers in the 
fi eld of Neurobiology who have long used gastropods and 
cephalopods as models for studies of learning and memory. 
The presence of relatively complex nervous systems in both 
gastropods and cephalopods suggests that either this condi-
tion evolved independently in both lineages or has been sec-
ondarily simplifi ed in the headless bivalves and, to a lesser 
extent, in scaphopods and monoplacophorans. As few studies 
have examined the nervous system of Scaphopoda (but see 
Wanninger and Haszprunar 2003), work on this group could 
prove interesting and important for understanding the evolu-
tion of the conchiferan nervous system. Instead of being 
closely related to Gastropoda, Cephalopoda appears to be the 
sister taxon of Monoplacophora (Tryblidia) although more 
sequence data from Laevipilina antarctica plus additional spe-
cies would help strengthen confi dence in this result. Like the 
aplacophorans, more studies of virtually all aspects of the bi-
ology of the diffi cult-to-collect monoplacophorans would be 
of great interest to those interested in understanding deep 
molluscan phylogeny and evolution.

Scaphopoda has proven to be a diffi cult group to place. 
Considering that transcriptome data are available from only a 
handful of representatives of this group, it is likely that addi-
tional data from scaphopods as well as basal gastropods and 
bivalves will help improve resolution among these three taxa. 
However, another potential source of diffi culty in placing 
Scaphopoda may stem from a partial genome duplication. 
The results of PCRs with primers for nuclear protein-coding 
genes performed on cDNA indicate duplications and diver-
gence of at least three genes known to be single-copy in most 
other metazoan genomes (Vinther, pers. comm.). A partial 
genome duplication, which results in two copies of a gene 
with subsequent independent evolutionary histories, can 
complicate phylogenetic inference (e.g., Dehal and Boore 
2005, Sanderson and McMahon 2007). The genome of the 
annelid Helobdella robusta appears to have undergone a par-
tial genome duplication in which many, but not all, nuclear 
protein-coding genes have been duplicated (Cho et al. 2010, 
Veenstra 2011). In single-gene phylogenies including these 
sequences, one or both copies (inparalogs) often appear as 
long branches and/or do not cluster with sequences from 
other annelids, possibly suggesting subfunctionalization 
and an increased evolutionary rate in one or both copies. 

Figure 3. Consensus tree of hypothesized evolutionary relationships 
among major molluscan lineages based on Kocot et al. (2011), Vinther 
et al. (2011), and Smith et al. (2011). Cephalopoda is placed accord-
ing to the results of Kocot et al. and Smith et al. The Cephalopoda + 
Monoplacophora node is labeled with a question mark because this 
surprising result has been recovered by only one study. 
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However, the branch lengths for Scaphopoda in the recent 
studies are not exceptionally long. Also, the completely se-
quenced genomes of the gastropods Lottia gigantea Sowerby, 
1834 and Aplysia californica Cooper, 1863 do not exhibit evi-
dence of such a substantial partial genome duplication.

As DNA sequencing technologies continue to decrease 
in cost while simultaneously improving in both read length 
and data quality, molluscs and other related lophotrochozo-
ans will hopefully begin to catch up with ecdysozoans (e.g., 
Drosophila melanogaster and Caenorhabditis elegans) in the 
fi eld of genomics. Genome-level data for molluscs will un-
doubtedly help improve our understanding of molluscan 
evolutionary relationships while allowing for detection of 
phenomena such as partial genome duplications which can 
mislead phylogenetic analyses. Moreover, comparative ge-
nomic studies armed with a well-resolved phylogeny of Mol-
lusca will provide insight into the genetics and molecular 
mechanisms involved in all aspects of molluscan biology. 
Currently, genome projects are underway for several conchif-
eran molluscs and hopefully Aculifera, the other major clade 
of Mollusca, will soon begin to receive genome-scale atten-
tion as well.

Phylogenomics has substantially advanced our under-
standing of the relationships among the major lineages of 
Mollusca and will likely continue to do so. However, an inde-
pendent source of molecular characters useful for formulat-
ing and testing phylogenetic hypotheses is desirable (Rokas 
and Holland 2000). Rare genomic changes, such as indels, 
retroposon integrations, signature sequences, gene order 
differences, gene duplications, and codon code differences 
are one such source of molecular characters. Likewise, non-
coding ultraconserved genomic elements (UCEs) provide 
another source of genomic data useful for phylogeny recon-
struction (Faircloth et al. 2012). Studies of rare genomic 
changes and UCEs will likely be important in continuing to 
resolve and validate our current understanding of molluscan 
phylogeny in the future.

For now, ongoing work in several labs employing next-
generation sequencing as well as more traditional morpho-
logical and developmental studies will undoubtedly continue 
to improve understanding of molluscan evolution while si-
multaneously raising new questions about this fascinating 
group of animals.
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