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Partial 18S rRNA sequence of the nemertine Cerebratulus lacteus was obtained
and compared with those of coelomate metazoans and acoelomate platyhelminths
to test whether nemertines share a most recent common ancestor with the platy-
helminths, as traditionally has been implied, or whether nemertines lie within a
protostome coelomate clade, as suggested by more recent morphological analyses.
Maximum-parsimony analysis supports the inclusion of the nemertine within a
protostome-coelomate clade that falls within a more inclusive coelomate clade.
Bootstrap analysis indicates strong support for a monophyletic Coelomata composed
of a deuterostome and protostome-coelomate clade. Support for a monophyletic
protostome Coelomata is weak. Inference by distance analysis is consistent with
that of maximum parsimony. Analysis of down-weighted paired sites by maximum
parsimony reveals variation in topology only within the protostome-coelomate clade.
The relationships among the protostome coelomates cannot be reliably inferred
from the partial sequences, suggesting that coelomate protostomes diversified rapidly.
Results with evolutionary parsimony are consistent with the inclusion of the nem-
ertine in a coelomate clade. The molecular inference corroborates recent morpho-
logical character analyses that reveal no synapomorphies of nemertines and flat-
worms but instead suggest that the circulatory system and rhynchocoel of nemertines
are homologous to coelomic cavities of protostome coelomates, thus supporting
the corresponding hypothesis that nemertines belong within a protostome-coelomate
clade. The sequence data provide an independent test of morphological character
homology.

Introduction

Morphological and embryological data have contributed substantially to the e
cidation of the phylogenetic relationships of animal phyla. However, the numberyf
different phylogenies proposed for the Metazoa reflects the inability of zoologists%o
arrive at a consensus view of metazoan interphyletic relationships based on th@se
characters (e.g., sce Hyman 1940, p. 38; Ax 1984, pp. 285-286, 1989; Brusca agnd
Brusca 1990, pp. 879-889). There are several reasons for the uncertainty regardﬁlg
metazoan relationships. First, most phyla share few informative homologous anatogn-
ical or embryological features. Second, it is often exceedingly difficult to distinguish

homologous similarity (homology) from convergent or parallel similarity ( analogy),
C
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and this is a prerequisite for inferring phylogenetic relationships. Third, the fossil
record has not provided informative characters for linking most phyla, and many
small and soft-bodied phyla lack a fossil record. Sequence data obtained from ribosomal
RNAs offer an important new source of informative characters for inferring high-level
phylogenetic relationships for many taxa and provide an independent test of hypotheses
based on morphological characters, especially for metazoans (Woese 1987; Field et
al. 1988; Abele et al. 1989).

We report here our investigation of the 18S rRNA of Cerebratulus lacteus from
the phylum Nemertini or Rhynchocoela, a group of worms whose relationships have
been controversial. Nemertines, or ribbon worms, are primarily epifaunal or 1nfaun§
inhabitants of the marine benthos, but marine pelagic, freshwater, and terrestrial forrrﬂ
also occur. The phylum comprises ~900 species (Gibson 1982). Nemertines ax‘_Q
typically a few millimeters to several centimeters in length, but many species are mucg
longer; there are reports in the classical literature of a species that attains a length of
30 m (Biirger 1897-1907). The major diagnostic feature of the phylum is an evermbl%
proboscis enclosed when uneverted in a fluid-filled, cell-lined cavity, the rhynchocer
In addition to this secondary body cavity, nemertines possess a continuous system
cell-lined channels historically referred to as a blood vascular system (Biirger 18973
1907; Hyman 1951, p. 486). o

Nemertines traditionally have been considered acoelomate animals most closeISz
related to the platyhelminths, or flatworms, on the basis of morphological and 11m1te§
immunological similarity (among others, see Biirger 1897-1907; Schepotieff 191@
Hyman 1951, p. 528; fig. 1A). This hypothesis has been perpetuated by modern biolog§
and invertebrate zoology textbooks and by more detailed accounts of the phylum (e.g5
see Gibson 1972, pp. 187-191; Lutz 1986, p. 201; Curtis and Barnes 1989, p. 53&
Willmer 1990). However, recent structural and ultrastructural analyses corrobora@
an alternative, minority hypothesis put forward by earlier zoologists (e.g., see Nusbaurs
and Oxner 1913; Friedrich 1935). The data suggest that the nemertine circulatory
system and rhynchocoel are homologous to coelomic cavities of protostome coelomatﬁ
(also referred to as schizocoelous or spiralian coelomates) and thus support the hg
pothesis that nemertines are most closely related to protostome coelomates such as
annelids and mollusks and that they thus belong within a protostome-coelomate cladf@
(fig. 1B; Turbeville 19865, Turbeville 1991). The interpretation of nemertine bodg
cavities as coelom homologues—and this alternative hypothesis of nemertine relﬁ%
tionships—have not been accepted by all invertebrate systematists, further reﬂectm;
the difficulty of inferring the phylogenetic relationships of nemertines by use of mot-
phological characters (e.g., see Bartolomaeus 1988). Additional informative charactets
are required to clarify the phylogenetic relationships of nemertines. The objective of
the present investigation is to test hypotheses of nemertine relationships by using 18%
rRNA sequence data with maximum-parsimony, distance-matrix, and evolunonarﬁ-
parsimony methods of analysis.

Material and Methods
Organisms Analyzed

1snbny 9| uo

Eleven sequences representing six metazoan phyla were compared in the preselﬁ
study. These were Dugesia tigrina ( Platyhelminthes), Bothromesostoma personatum
(Platyhelminthes), Fasciola hepatica (Platyhelminthes), Chaetopterus variopedatus
(Annelida), Lumbricus species (Annelida), Cerebratulus lacteus (Nemertini), Cryp-
tochiton stelleri (Mollusca), Golfingia gouldii (Sipunculida), Asterias forbesii (Echi-



Bilateria

Coelomata
Bilateria r 1
— ) : Protostome Coelomata
Acoelomata Other
) | Protostome
Platyhelminthes Nemertini Coelomata - Platyhelminthes Coelomates Nemertini Deuterostomi
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FiG. {.—Conflicting hypotheses of nemertine relationships based on morphological characters. A, Orthodox or traditional hypothesis, indicating monophyly of Nem&ini
+ Platyhelminthes. No unequivocal synapomorphies support this hypothesis (see text). B, Alternative hypothesis, indicating that nemertines belong within schizocoelous{see
table 1) or protostome coelomate clade that is part of more inclusive coelomate clade. For an alternative hypothesis, see Brusca and Brusca (1990, pp. 331 and 882).
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nodermata), and Branchiostoma californiense (Chordata). With the exception of the
Cerebratulus sequence reported here and Bothromesostoma and Fasciola sequences
(M. Riutort and K. G. Field, personal communication), all sequences were collected
by Field et al. (1988). The nemertine and the new flatworm sequences have been
submitted to EMBL.

RNA Extraction and Sequencing

Specimens of Cerebratulus lacteus Leidy 1851 were obtained from the Marine
Biological Laboratory (Woods Hole, Mass.). Total RNA was extracted from oocyigs
by following a protocol adapted from Paterson and Roberts (1981) and using 8
guanidine hydrochloride (Turbeville et al. 1991). Direct sequencing of 18S rRNA v&s
accomplished by employing the method of Lane et al. (1985, 1988), which is a mo_thi-
ification of the Sanger et al. (1977) dideoxynucleotide chain-terminating technic%e
using reverse transcriptase. Six oligonucleotide primers complementary to specific
conserved regions of the molecule were used in separate reactions. Sequencesﬁ)f
the primers utilized were as follows (numbers correspond to positions on the IETJ-
man sequence): 445-429, 5'-TCAGGCTCCCTCTCCGG-3'; 632-615, 5-GWAT -
TACCGCGCGGCKGCTG-3'; 880-865, 5-CCGAGGTCCTATTCCA-3'; 1009-993,
5" TTGGCAAATGCTTTCGC-3'; 1201-1187, 5-ATCCTTTRAGTTTC-3; and
1708-1692, 5'-GACGGGCGGTGTGTRCA-3'.

Sequence Alignment

qui/wod dn

Sequence data were aligned by hand, beginning at universally conserved regiofis.
Alignment gaps were inserted to account for putative length differences between the
sequences (fig. 2). Alignments were refined using the secondary-structure models @-
ferred for the bird spider Eurypelma californica (Hendriks et al. 1988). Positict:@s
aligned were limited to regions for which sequence data are available for all taxa. Of
the 1,140 aligned positions, 946 were included in the analyses. Positions ethbmfﬁg
high vanablhty or length variation could not be reliably aligned and were exclu(@d
from the analyses. Positions analysed are indicated in figure 2.
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Data Analysis

Data were analyzed using the maximum-parsimony method of the PAUP 3§d
package written by D. L. Swofford (Illinois Natural History Survey), the least-squages
distance-matrix program of Olsen (19884, 1988b), and a phylogenetlc-mvarlaéts
method (Lake 1987). For parsimony analysis, characters were entered unorder@l,
and gaps were treated as missing data. The BRANCH AND BOUND option of PA[g’,
which guarantees the most parsimonious solutions for a given data set, was used‘g’;’-n
all analyses except bootstrapping (see below). The analysis was performed with ali
nucleotides and was repeated with paired positions downweighted by one-half, following
the suggestion of Stahl et al. (1984) and Wheeler and Honeycutt (1988). The latter
authors postulate that, the paired regions might be less reliable than unpaired regions,
for inferring phylogeny, as is the case for 5S rRNA. Downweighting was accomplislé?d
in practice by assigning the unpaired positions twice the weight of the paired sites.
Paired and unpaired positions were inferred by juxtaposing primary structures with
the secondary-structure model proposed by Hendriks et al. (1988) for the spider Bu-
rypelma. The cnidarian Hydra was chosen for the outgroup, on the basis of morpho-
logical and molecular analyses that suggest that the Cnidaria is the sister taxon of the
bilateral metazoans (Ax 1989; authors’ unpublished data). A bootstrap analysis for
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placing confidence intervals on inferred phylogenies was also utilized (Felsenstein
1985), and 100 replications were run using the total data set. For bootstrapping, the
HEURISTIC search was employed by using the TBR branch-swapping algorithm in
combination with CLOSEST stepwise addition. Twenty trees were held at each step.

Data were analyzed by the distance-matrix-analysis program of Olsen (1988a,
19885b), which is based on the method developed by Fitch and Margoliash (1967);
the Jukes and Cantor (1969) correction to estimated distances was employed. In the
present study, trees were rooted by the most distantly related metazoan, Hydra. The
bootstrap algorithm was also applied to the distance analysis. One hundred rephga
tions were run. The analysis was also run with downweighted paired positions, as ge
scribed above.

The method of evolutionary parsimony (Lake 1987) was applied to all posmoﬁs
The version compiled for the PAUP 3.0 package was used. For evolutlonary-parsxmchy
analyses, sequences were divided into four groups, and the three possible topolog'es
for all quartets composed of a smgle sequence from each group were evaluated, and
the results were combined. The x? values for combined trees were calculated by @l-
lowing the method presented by Lake (1987, Appendix ). When necessary, correlatgg;n
values were corrected as explained by Turbeville et al. (1991), prior to calculating ﬂle
x? values.

woo°dno o

Results

Direct sequencing of the 18S rRNA molecules of Cerebratulus lacteus by usﬁng
six primers yielded 1,208 nucleotides. Unambiguous nucleotide assignments could
not be made at 53 sites, or 4.4% of the total. Ambiguities result from common artifagts
of reverse-transcriptase sequencing (sec Lane et al. 1985). Of the nucleotides obtain%d
1,140 are shown in the alignment (fig. 2). A unique insertion (autapomorphy),?,o
nucleotides in length is present between positions 200 and 202 (fig. 2).

Maximum-Parsimony Analysis

For the taxa analyzed, 253 of the reliably aligned variable sites (fig. 2) are infor-
mative for inferring phylogeny by maximum-parsimony analysis. Analysis of all po-
sitions found a single minimum-length tree of 874 steps (fig. 3A). Maximum-paféi-
mony analysis indicates that the nemertine Cerebratulus lacteus falls withir a
protostome or spiralian coelomate clade as the sister group of Golfingia rather than
being the sister group of the acoelomate Platyhelminthes (fig. 3A). The Cerebratulys-
plus-Golfingia clade is the sister taxon of a Cryptochiton-plus-Chaetopterus clade. The
oligochaete annelid Lumbricus is the sister group of these other protostome-coelomhte
taxa. Thus, monophyly of the Annelida is not supported by the partial sequence data
(see Discussion). The reliability of the phylogeny was estimated by bootstrap analg)sw
of the entire data set. Ninety-six percent of the trees from 100 bootstrap replicatiGns
supported monophyly of the coelomates inclusive of the nemertine (fig. 3A). Moﬁo-
phyly of the spiralian coelomates is supported to a lesser extent, and relations)
among the taxa of this clade are weakly supported (fig. 3A). To assess further the
reliability of the maximum-parsimony inference, we considered the 124 trees saved
within 1% of the length of shortest tree (874-883 nucleotide substitutions). A 5(@70-
majority-rule consensus tree is shown in figure 3B. Variation in topology was observed
within the protostome-coelomate and platyhelminth clades. When paired positions
are downweighted and the total data set is analyzed, a single tree is found that has a
topology that varies only within the protostome-coelomate clade (not shown). The
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FiG. 2.—Partial 18S rRNA sequences aligned to corresponding regions of Homo sapiens (Chordata; Torczynski et al. 1983) sequence for reference. Only regions for wgich
sequence data are available for all taxa are included. V = Position used in analyses. Ho = Homo; Br = Branchiostoma; As = Asterias; Go = Golfingia; Ce = Cerebratulusf'\_\OCh
= Chaetopterus; Cr = Cryptochiton; Lu = Lumbricus; Bo = Bothromesostoma, Du = Dugesia; Fa = Fasciola; and Hy = Hydra. Accession numbers for unpublished sequegices
are as follows: Ce, M81167; Bo, M58347; and Fa, X56041. —
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FiG. 3.—Trees inferred by maximum-parsimony analysis. A, Shortest tree (874 nucleotide substitutions). ~

The overall consistency index is 0.708. The consistency index when uninformative positions are excluded S
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indicate the frequency with which the clade descending from that node was™

found by bootstrapping. Branch lengths are proportional to the number of nucleotide substitutions. The
scale bar indicates the approximate number of nucleotide substitutions. B, Fifty-percent-majority rule con-
sensus tree of 124 trees saved within 1% length of most parsimonious tree.
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nemertines become the sister group of the rest of the protostome coelomates. Within
the subordinate clade, the polychaete Chaetopterus is placed between the chiton and
a Lumbricus-plus-Golfingia clade. If maximum-parsimony analyses were run with the
nucleotides excluded from the analyses, two equally parsimonious trees were found
with variation only within the protostome-coelomate clade (authors’ unpublished re-
sults).

Distance Analysis

Distance-matrix results are consistent with those of the maximum-parsimonyz
analyses, indicating that nemertines lie within a protostome-coelomate group and thatz
the nemertine RNA molecule has accumulated a somewhat greater number of sub-a
stitutions than have those of the other protostome coelomates included in the analys1s_T
(fig. 4). The topology of the tree inferred from all positions agrees with the parsimonyS
analysis, except among the protostome coelomates. The sipunculid is the sister group__
of the rest of the protostome-coelomate taxa, and the nemertine is placed between the‘f’
oligochaete Lumbricus and a Cryptochiton-plus-Chaetopterus group. The distance treeo
inferred from downweighting paired positions is identical in topology to the tree 1nferred®
from unweighted data. Bootstrap analysis of the total data set indicates support both3
for the coelomate lineage in 100% of the outcomes and for a protostome-coelomateC
group in 85% (fig. 4). Support for relationships among the protostome coelomates i iss
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FIG. 4.—Distance tree constructed by least-squares distance-matrix program. The scale bars indicate
the average number of substitutions per sequence position (upper numbers) and the average number of
substitutions (lower numbers). Numbers at nodes represent bootstrap percentiles.
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somewhat weaker (fig. 4). No variation in tree topology was observed (authors’ un-
published results) when unreliably aligned positions were included in the analysis.

Evolutionary Parsimony

For evolutionary parsimony, the total number of informative transversion po-
sitions (parsimony counts minus background counts) per quartet was between zero
and nine. Figure 5 illustrates inferences of nemertine relationships by evolutionary
parsimony. The results are a subset of all possible combinations. The first set of analy
tests whether the nemertine is most closely related to protostome coelomates, dew2
terostomes, or flatworms. The favored tree (P ~ 0.3) in the first set of analyses (figs
5A) indicates monophyly of nemertine + protostome coelomates, although suppox%L
is not significant (fig. 5A). The results are also dependent on which taxa are included:
in the four groups (see Turbeville et al. 1991). The P values of the two alternative
topologies, one linking the nemertines and the flatworms and the other linking thg
nemertine and deuterostomes, are P = 1 and P ~ 0.5, respectively. The second se‘i
of analyses was designed to test monophyly of the coelomates and the nemertine (ﬁ%\
5B). The favored tree links the coelomate taxa and the nemertine, but support fcg—
this topology is also not significant (P ~ 0.07).

Discussion

09°dnoolw

The results support the hypothesis that nemertines are coelomate animals th31
belong within a protostome-coelomate clade. Measures of reliability, including booé
strap analyses and consideration of all trees within 1% of the length of the most pam
simonious solution, firmly support coelomate monophyly and, to a lesser extent, prca
tostome-coelomate monophyly. Results with evolutionary parsimony are less robustg
perhaps owing to the small number of informative transversion positions (betweefy
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FIG. 5.—Summary of analyses with evolutionary parsimony. A, Test of nemertine+protostome-coelgs
mate monophyly. The favored topology resulting from combining results of 24 quartets (1 X 2 X 3 X 4) ls
illustrated. One taxon from each group was compared in turn. The favored tree links the nemertine (C
ebratulus) to the protostome coelomates Lumbricus, Chaetopterus, Golfingia, and Cryptochiton (P ~ 0.3)
rather than to the platyhelminths Dugesia, Bothromesostoma, and Fasciola (P = 1) or to the deuterostomés
Asterias and Branchiostoma (P ~ 0.5). B, Test of nemertine+coelomate monophyly. Eighteen quartets @3
X 1 X 3 X 6) were evaluated and combined. The favored topology is shown and links the nemertine and
coelomates. P values for the tree linking the nemertine and flatworms and for the tree linking the nemertine
and cnidarian are, respectively, P ~ 0.8 and P ~ 0.4. The y? test for correlated data presented by Lake
(1987) was used for both trees.
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zero and nine) in the data set. All analyses support monophyly of coelomates and
are consistent, in part, with the studies of Field et al. (1988), Ghiselin (1988), and
Lake (1990). The coelomates or “Coelomata” comprise the deuterostome and pro-
tostome-coelomate clades (figs. 1B-4). Monophyly of Platyhelminthes is also firmly
supported by the partial sequence data. The present study and those by Field et al.
(1988) and Ghiselin (1988) suggest that Platyhelminthes is the most primitive bilateral
metazoan taxon and thus constitutes the sister group of the remaining Bilateria or
Eubilateria. These preliminary molecular analyses support, in part, one of two equally
plausible hypotheses based on a cladistic analysis of morphological features (Ax 19@
pp. 258-286, 1989).

Downweighting paired sites of 18S rRNA altered topology within the protoston&-
coelomate clade only when they were analyzed by maximum parsimony, suggestmg
that the paired sites contain some noise. However, the utility of this proceduregls
uncertain (see Smith 1989; Hedges et al. 1990). =

Measures of reliability indicate that relationships among the protostome-coe]ib—
mate taxa cannot be confidently inferred by the partial sequence data; even the Anne@a
is not inferred as monophyletic. These results may be attributable, at least in part,%o
the fact that the regions of the molecule sequenced and compared are the most highly
conserved. For example, the polychaete annelid (Chaetopterus) sequence and t@)e
nemertine sequence are ~90% identical. It is reasonable to assume that relatively fgw
substitutions have occurred in the molecule after the protostome-coelomate clage
became distinct and before the taxa of the protostome-coelomate clade diverged, a§d
this situation limits the number of potentially informative sites available for inferriiig
their precise relationships. This suggests rapid diversification of these taxa after the
initial radiation of the coelomates. When one is inferring relationships at great evo-
lutionary distances, it is important to limit analyses to well-conserved (i.c., slox%ly
evolving) molecules or regions of a molecule, in order to minimize the amount&f
homoplasy in the data set. Sequence data from the rest of the 18S rRNA moleciile
and from other more rapidly evolving genes should offer a greater number of 1nt‘§r—
mative positions for inferring more recent divergences.

There exist two dominant hypotheses of nemertine relationships based on mor—
phological characters. The first, or orthodox, view states that nemertines are mi?st
closely related to platyhelminths (flatworms), the implication being that nemertlges
and flatworms shared a most recent common ancestor (fig. 1A). The second hypothésis
holds that nemertines are coelomate worms that belong within a protostome-coelomﬁte
clade (fig. 1B). Body organization, specifically the organization of the space betw@n
the body wall and gut, is of central importance for understanding the conﬂlctgng
hypotheses of nemertine relationships and must first be considered.

Historically, nemertines have been regarded as acoelomate in body orgamzatléDn
a condition considered homologous to that of the Platyhelminthes. This shared sim-
ilarity has been considered support for the hypothesis that nemertines and platylil-
minths shared a most recent common ancestor. However, it was also known that
nemertines possessed both a cell-lined cavity enclosing an eversible proboscis, g-ne
rhynchocoel, and an independent system of cell-lined cavities forming a continugus
loop, or circulatory system. Proponents of the orthodox hypothesis (e.g., see Bur‘ger
1897-1907; Hyman 1951, pp. 486-490; Gibson 1972, pp. 71-75) implicitly considered
the rhynchocoel to be a unique coelom analogue and apparently viewed the circulatory
vessels as blood-vessel homologues. However, a minority of investigators suggested
that these spaces are coelom homologues and that nemertines thus are actually coelo-
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mate organisms (e.g., see Nusbaum and Oxner 1913; Nawitzki 1931; Friedrich 1935).
The latter hypothesis has, for the most part, been ignored in the English zoological
literature, perhaps because of the language barrier (the articles are in German) and
because limited and sometimes conflicting data on vessel ontogeny did not clearly
corroborate anatomical and histological evidence of vessel and coelom homology (for
extensive review, see Turbeville 1986a, 19865). The hypothesis that nemertine vessels
are coelom homologues has been tested recently by utilizing transmission-electron
microscopy, which enhances the evaluation of characters and thereby allows for more
critical tests of hypotheses of homology by following established criteria of homolo@
recognition (table 1; Turbeville 19864, 19865, 1991).

Ultrastructural analyses of adult vessel morphology and an analysis of vess@l
ontogeny provided evidence supporting the alternative hypothesis that the c1rcu1ator¥-
system vessels are coelom homologues, thus suggesting that nemertines belong within
a protostome-coelomate clade. In anatomical position, histology, cytology, and mogé
of formation, the vessels correspond to coelomic cavities of coelomate protostomes,
whereas the position, composition, and formation of invertebrate blood vessels a%e
considerably different (table 1; Turbeville 19865, 1991). Cell-lined vertebrate vess@s
also are structurally and developmentally unlike nemertine vessels ( for discussion, sée
Turbeville 19865). Data on the rhynchocoel also are consistent with its 1nterpretat1(81
as a modified coelom homologue (Turbeville 1991). The molecular data corroborazbe
the morphological analysis of nemertine vessels and rhynchocoel, supporting the aﬂ-
ternative hypothesis. Some invertebrate systematists (e.g., see Ax 1984, p. 271; B%—
tolomaeus 1988 ) interpret the correspondence of structure and ontogeny of nemertine
vessels and coelomic cavities as convergent or parallel similarity and consider tﬁé
vessel system in nemertines to be a unique feature (autapomorphy) of the phylum,
thus rejecting the hypothesis of a close relationship between nemertines and coelomate‘s
However, the molecular data do not support this interpretation.

In addition to a shared acoclomate condition that is unsupported by the da%h
(see above), the orthodox hypothesis—i.e., that nemertines are most closely relatéd
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Table 1 g

Summary of Homelogy Analysis o
=

Invertebrate 3

Nemertine Vessels Coelomic Cavities Blood Vessels S,

C

Anatomical position ... Lateral Lateral Dorsal and ventral ?’;
Lining ............... Continuous mesothelium Continuous mesothelium Lined by extracellugr

with intercellular junc- with intercellular junc- matrix or discon$

tions, cilia, and myo- tions, cilia, and myo- tinuous cell layers

filaments® filaments lacking junctions”

cilia and myoﬁlai

ments. 5

Tissues separating S
during ontogeny . . ... Mesoderm Mesoderm® Extracellular matrigs:_éls

N

N

NOTE.—Homology analysis follows established criteria for testing hypotheses of morphological character homology
(see Remane 1956, pp. 30-60; Riedl 1978, pp. 33-36; Wiley 1981, pp. 130-138; Rieger and Tyler 1985).

SOURCE.—Turbeville (19864, 19865, 1991).

* One unconfirmed report of myofilaments (see Turbeville 1986a).

b This mode of coelom formation is referred to as schizocoely.
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to flatworms—has been based on their common possession of several other presumably
homologous characters, including the multiciliated epidermis, special secretory bodies
termed “‘rhabdites,” ocelli, frontal organs, and nephridia (=excretory organs). Recent
detailed analyses of these characters do not support their interpretation as shared
derived homologues (synapomorphies; Turbeville 1991). Some of these characters
(e.g., epidermis and nephridia) are symplesiomorphies, and the homology of others
(e.g., frontal organs and rhabdites) is unsupported. Therefore, these characters do not
support the hypothesis of a most recent common ancestry of platyhelminths a

nemertines (see Bartolomaeus 1985, 1988; Turbeville and Ruppert 1985; Turbevilie
1991). The molecular data are in full accord with this conclusion (figs. 3
and 4).

The microcomplement-fixation analysis of Schepotieff (1912) revealed immu-
nological similarity between a single nemertine and a polyclad flatworm, rather than
between the nemertine and a polychaete annelid, suggesting a closer relationship bg—
tween nemertines and flatworms. However, both morphological and sequence analyses
suggest that this shared similarity, if homologous, should be interpreted as a sympl%—
siomorphy.

The molecular data support the hypothesis that nemertines are coelomate ammés
that belong within a protostome-coelomate clade (figs. 1B, 3 and 4). Thus, these daSa
also affirm the interpretation of nemertine body cavities as coelom homologues rather
than as independently derived coelom analogues. The sequence data have provxdéi
an independent but indirect test of morphological character homology. The results gf
both morphological and sequence analyses necessitate rejection of the hypothesis th\t
nemertines represent the sister group of the flatworms. Furthermore, the moleculﬁ'r
data refute the recently revived hypothesis that nemertines share a most recent comm@
ancestry with vertebrates or chordates (Jensen 1988), a hypothesis also untenable (ﬁn
morphological grounds. The sequence data in the present paper thus provide mfdf—
mative characters allowing for the resolution of controversies resulting from dlﬁ'en
interpretations of the same morphological characters. This study illustrates the irg-
portance of considering both molecular and morphological data when one is evaluatifig
high-level evolutionary relationships of metazoans.
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