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LOPHOTROCHOZOAN

RELATIONSHIPS AND PARASITES.
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Summary :
Lophotrochozoa has been consistently recovered in molecular
phylogenetic analyses using different markers. Current knowledge
of lophotrochozoan relationships is reviewed and the place that
parasites occupy in this phylogeny is discussed. Two major taxa
are identified within Lophotrochozoa: Platyzoa and Trochozoa.
Monophyly of both taxa is still under debate. Relationships within
Trochozoa remain largely unclear, however, there is strong
evidence that the so called “minor phyla” Sipuncula, Echiura, and
Myzostomida are all nested within annelids. Monophyly of the
former “Lophophorata” is rejected, and a close relationship
between phoronids and brachiopods, as well as between
bryozoans and kamptozoans is suggested instead. The movement
of the field of systematics into the genomic era will greatly
improve our knowledge in the near future.
KEY WORDS : Lophotrochozoa, Myzostomida, parasites, phylogenomic,
phylogeny, Platyzoa, Trochozoa.

P

hylogenetics is a fast business in our times. The
half-life of large scale phylogenies is sometimes
less than the publication speed of many journals.
Even though, the aim of this review is to give a picture about what we currently know about lophotrochozoan relationships. Further on, the place that parasites (defined sensu de Meeus & Renaud, 2002) occupy
in this phylogeny is discussed.
The taxon Lophotrochozoa was first introduced in a
molecular study of the small ribosomal subunit by Halanych et al. (1995) and later extended by Aguinaldo et
al. (1997). In contrast to previous (morphological) studies, their analyses recovered that lophophorates (Brachiopoda, Phoronida, and Bryozoa) are protostomes
and closely related to molluscs and annelids (and with
flatworms and Rotifera as shown in Aguinaldo et al.,
1997).
The taxon Lophotrochozoa was treated sceptically since
its description. There is no convincing morphological
character uniting all these diverse groups like Annelida,
Echiura, Sipuncula, Myzostomida, Mollusca, Nemertea,
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thifera, Platyhelminthes, Syndermata, and Cycliophora.
However, Lophotrochozoa is consistently recovered in
molecular phylogenetic analyses using different markers: combined multigene/EST data (Philippe et al.,
2005, Baurain et al., 2007), mitochondrial gene order
and sequence data (Helfenbein & Boore 2004; Larget
et al., 2004), ATPase a-subunit (Anderson et al., 2004),
hox genes (de Rosa et al., 1999; Passamaneck & Halanych, 2004), intermediate filament sequence data (Erber
et al., 1998), myosin II heavy chain (Ruiz-Trillo et al.,
2002), 28S rRNA (Mallatt & Winchell, 2002; Passamaneck & Halanych, 2006), and 18S rRNA (e.g. Halanych
et al., 1995).
Whereas the monophyly of Lophotrochozoa seems to
be well established (at least in molecular analyses),
relationships within this group are only poorly understood. When summarizing lophotrochozoan relationships often a comb-like tree (Fig. 1a) is used for illustration (e.g. in Telford, 2006), indicating that we have
not nearly any idea about the relationships. But this

Fig. 1. – Hypotheses of lophotrochozoan relationships: a conservative view (a) and an optimistic view (b).
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is maybe a too pessimistic view. I will try to summarize the current knowledge in the following and a
metatree summarising results from different analyses is
used for illustration (Fig. 1b).

PLATYZOA

U

sing a combined dataset (morphology + 18S rRNA
gene data) Giribet et al. (2000) found Lophotrochozoa to be composed of two sister taxa:
Trochozoa and Platyzoa. The Platyzoa comprises flatworms (excluding Acoelomorpha), Gnathostomulida,
and the syndermatan taxa, whereas the Trochozoa includes all other Lophotrochozoa. This bipartition can be
found also in later analyses (e.g. Philippe et al., 2005;
Baurain et al., 2007). Even though, taxon sampling is
still scarce for non-flatworm Platyzoa and in some analyses Trochozoa include Platyzoa (e.g. Passamaneck &
Halanych, 2006). Flatworm relationships are discussed
in detail in another review paper in this issue.
Besides flatworms, Platyzoa include the syndermatan
taxa Rotifera and Acanthocephala. Acantocephalan taxa
are endoparasites with a complex life-cycle involving
vertebrates as primary hosts; invertebrates (as crustaceans or insects) can serve as intermediate hosts (Westheide & Rieger, 2007). By contrast, only few parasitic
rotiferans are known. Endoparasitic Rotifera belonging
to the genera Albertia and Balatro can be found in the
guts of earthworms and slugs (May, 1987). Monophyly
of Rotifera is still contentious, as bdelloid Rotifera
might be sister to Acanthocephala, excluding the monogonont Rotifera (e.g. Garcia-Varela and Nadler, 2006).

TROCHOZOA

T

rochozoa comprise Mollusca, Annelida, Echiura,
Sipuncula, Myzostomida, Brachiopoda, Phoronida,
Bryozoa, Kamptozoa, and Nemertea. Name giving
is the presence of a ciliated trochophoran type of larvae
in these taxa (see Nielsen, 2004, 2005 for review). Relationships of these taxa are still under discussion.
Traditionally, Bryozoa (= Ectoprocta) had been united
with Brachiopoda and Phoronida into a taxon Lophophorata (Hyman, 1959), which was assumed to be outside Protostomia. Recent molecular analyses challenged
this view (e.g. by Passamaneck & Halanych (2006)
using 18S and 28S ribosomal gene data). Instead, all
these taxa are always recovered within the protostome
Lophotrochozoa. A close relationship with Brachiopoda +
Phoronida has not been supported in any molecular analyses yet. Instead, resurrecting a hypothesis from Nielsen (2001), Kamptozoa (= Entoprocta) has been recovered
as sister taxon of the Bryozoa in a recent phylogenomic
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analysis relying on ribosomal protein data (Hausdorf
et al., 2007). Both taxa contain no parasitic forms.
There is a body of evidence (morphological and molecular) that Phoronida and Brachiopoda are closely related, and phoronids might be even a subtaxon of brachiopods (Cohen, 2000; Cohen & Weydmann, 2005).
No parasitic forms are known for these two taxa.
Still controversially discussed is the phylogenetic position of the unsegmented nemerteans. Whereas Andersson et al. (2004) got support for a sister group relationship to all other lophotrochozoans using data from the
ATPase α-subunit gene, Passamaneck & Halanych
(2006) recovered them as sister group of the Platyzoa
using complete 18S and 28S rRNA gene data. However,
recent combined multigene analyses (ribosomal proteins)
recovered them as part of the Trochozoa (T. Struck,
pers. comm.). Only a few parasitic Nemertea are known.
Species of the genus Carcinonemertes are specialized
egg predators of decapod crustaceans and most of their
life history characteristics are described as parasitic (Roe,
1986). Other nemerteans are known to be parasites of
other crustaceans, ascidians, cnidarians and bivalves
(Roe, 1988).
The most speciouse taxa within Trochozoa are the Mollusca and Annelida. However the relationships of these
two to taxa to other Trochozoa is still unresolved and
even monophyly – in both cases strongly supported
through morphological characters – has often been not
recovered for these taxa (e.g. Bleidorn et al., 2003).
Some researchers consider molluscs closely related to
annelids (e.g. Nielsen, 2001) – a hypothesis which is
congruent with recent phylogenomic analyses (Baurain
et al., 2007, Philippe et al., 2005). de Meeus & Renaud
(2002) listed more than 6,000 parasitic taxa for molluscs. For example nearly all members of the gastropod
taxon Eulimidae (including more than 800 species) are
associated with echinoderms, including ecto- and endoparasitic species (Jangoux, 1987). Triviidae and Lamellariidae (both Gastropoda) comprise many species of
obligatory parasites whose life-cycle is closely linked
to tunicates. One of the best investigated parasitic
molluscs can be found within bivalves. Larvae of freshwater mussels (so called glochidia) are obligate parasites of fish and are usually found encysted on the gills
or fins of their hosts (Hastie & Young, 2001).
Based on embryological data (“molluscan cross”) sipunculids are grouped with molluscs by some researchers
(Scheltema, 1993). However, molecular phylogenetic
studies using mitochondrial genome data (e.g. Bleidorn
et al. 2006) and combined 18S, 28S, and elongation
factor 1-α data (Struck et al., 2007) clearly supports a
nested position within annelids for the sipunculids.
Loss of segmentation has to be assumed for sipunculids in this case, and same must be assumed (convergently) for the echiurids, where studies using 18S
(Bleidorn et al., 2003) as well as the above mentioned
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dataset by Struck et al. (2007) strongly supports a sistergroup relationship to the segmented capitellid polychaetes. Interestingly, Hessling & Westheide (2002)
reported the presence of serially repeated units in the
nervous system of echiurids which correspond to
typical metameric ganglia of the Annelida.
Heavily disputed is the phylogenetic position of Myzostomida. Myzostomids are usually ectocommensals or
parasites of echinoderms and their mosaic like character distribution puzzled researcher since the description of these worms. As annelids, myzostomid possess parapodia-like structures, chitinous chaetae, a
ladder-like nervous system, a trochophore-like larva,
and serially arranged nephridial organs (Eeckhaut &
Lanterbecq, 2005). However, an annelid affinity has
been challenged in recent times by morphological and
molecular analyses (Eeckhaut et al., 2000; Zrzavy et al.,
2001). These analyses place myzostomids within Platyzoa & Zrzavy et al. (2001) erected a new taxon called Promastigozoa uniting myzostomids with Syndermata (rotifers and acanthocephalans) – a clade that was
mainly supported by spermatozoan ultrastructural characters and 18S data. This hypothesis was re-investigated by Bleidorn et al. (2007), who found strong support for an annelid affinity of myzostomids based on
mitochondrial sequence data, mitochondrial gene
order, and myosin II heavy-chain gene data.
Besides the case of the myzostomids, parasitism evolved many times in annelids. Most prominent are the
leeches (Hirudinea) which include many external bloodsucking species. However, parasitic behavior is also
known from other clitellates as the naidid Chaetogaster
limnaei which is a parasite of mussels of the genus
Dreissena (Conn et al., 1996). Parasitic species are also
found within polychaetes, as members of the Oenonidae, which live part of there life in the coelom of
other annelids (Rouse & Pleijel, 2001). Other cases of
parasitism have been reported from Chrysopetalidae,
Nautiliniellidae, Nereididae, and Typhloscolecidae (Martin & Britaev, 1998; Rouse & Pleijel, 2001)

CONCLUSIONS

L

ophotrochozoan relationships are still controversially discussed. We are in a time where phylogenetics is moving into the genomic world. Whereas single gene analyses revolutionized systematics in
the mid 90’s, today this happens with whole genome
data. While writing this review the first three complete
genomes of lophotrochozoan organisms have been
released (that of the polychaete Capitella sp. 1 (Annelida), the leech Helobdella robusta (Annelida), and the
mollusc Lotitia gigantea). More taxa will follow and
provide plenty of new data for phylogenetic analyses.
Further on, all major lophotrochozoan taxa will be
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represented by EST-libraries soon (Expressed sequence
tags) soon and phylogenomic analyses will (hopefully) give us a clearer picture of the relationships.
These new data will show if the current trends and
hypotheses reviewed here will be forgotten or written
down as text book knowledge.
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