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ABSTRACT: There are both metameric and nonmetameric animal body plans in each of the
three main branches of the bilaterian tree  the Ecdysozoa, the Deuterostomia and the
Lophotrochozoa. Has metamery originated independently in these groups or is it a
synapomorphy of all Bilateria? If the latter is correct, we might expect to find remnants of
metamery in nonmetameric forms. The Lophophorata seems to be the only group of main
bilaterian groups that lacks metamery. Here, we infer that the lateral mesenteries of
brachiopods and phoronids are metameric in nature and originated from dissepiments
between segments of trunk coelomic sacks of an oligomerous ancestor. In addition to
preoral and lophophore coeloms, brachiopods and phoronids demonstrate a metameric
subdivision of the body coelom. The trunk coelom of recent brachiopods and phoronids is
a product of partial fusion of three or two segments, respectively. The lateral mesenteries
in phoronids and brachiopods bear funnels of excretory organs like the dissepiments of true
metameric animals (for example, annelids). In both groups, the lateral mesenteries are
situated at an angle to the main axis of the body and always at a right angle to the axis of
metamery. We conclude that metamery was present in ancestral Lophrophotrochozoans and
in the common ancestor of all Bilateria but has since been reduced in some groups. The
reduction of metamery in phoronids and brachiopods is correlated with strong changes in
their body plan. We suggest that lophophorates are primitive lophotrochozoans because
they retained some plesiomorphic features.
KEY WORDS: Lophotrochozoa, phylogeny, lateral mesenteries, metamorphosis, body
plan.
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ÐÅÇÞÌÅ: Ìåòàìåðíûå è íåìåòàìåðíûå ïðåäñòàâèòåëè ìîãóò áûòü îáíàðóæåíû âî
âñåõ òðåõ ãëàâíûõ ãðóïïàõ Bilateria: Ecdysozoa, Deuterostomia, Lophotrochozoa. Ïðîèçîøëà ëè ìåòàìåðèÿ íåçàâèñèìî âî âñåõ òðåõ ãëàâíûõ ãðóïïàõ èëè æå ìåòàìåðèÿ 
ýòî ñèíàïîìðôèÿ âñåõ Bilateria? Åñëè ïîñëåäíèå óòâåðæäåíèå âåðíî, òî ìû ìîãëè áû
îæèäàòü îáíàðóæåíèå ìåòàìåðèè ó íåìåòàìåðíûõ îðãàíèçìîâ. Lophophorata êàæóòñÿ åäèíñòâåííîé êðóïíîé ãðóïïîé áèëàòåðàëüíî-ñèììåòðè÷íûõ îðãàíèçìîâ, ó ïðåäñòàâèòåëåé êîòîðîé ìåòàìåðèÿ îòñóòñòâóåò. Â íàñòîÿùåé ðàáîòå ìû óòâåðæäàåì, ÷òî
ëàòåðàëüíûå ìåçåíòåðèè ôîðîíèä è áðàõèîïîä èìåþò ìåòàìåðíóþ ïðèðîäó è ïðîèñõîäÿò îò äèññåïèìåíòîâ ìåæäó òóëîâèùíûìè ñåãìåíòàìè îëèãîìåðíîãî ïðåäêà.
Êðîìå ïðåäðîòîâîãî è ïîñòðîòîâîãî öåëîìîâ ó ôîðîíèä è áðàõèîïîä èìååòñÿ
ìåòàìåðíûé òóëîâèùíûé öåëîì, êîòîðûé ó ñîâðåìåííûõ ôîðì ïðåäñòàâëÿåò ñîáîé
ïðîäóêò ÷àñòè÷íîãî ñëèÿíèÿ öåëîìè÷åñêèõ ìåøêîâ äâóõ (ó ôîðîíèä) èëè òðåõ (ó
áðàõèîïîä) ñåãìåíòîâ. Ëàòåðàëüíûå ìåçåíòåðèè ôîðîíèä è áðàõèîïîä íåñóò âîðîíêè âûäåëèòåëüíûõ îðãàíîâ êàê ýòî õàðàêòåðíî äëÿ äèññåïèìåíòîâ íàñòîÿùèõ ìåòàìåðíûõ æèâîòíûõ (íàïðèìåð, êîëü÷àòûõ ÷åðâåé). È ó ôîðîèíä, è óáðàõèîïîä
ëàòåðàëüíûå ìåçåíòåðèè ðàñïîëàãàþòñÿ ïîä óãëîì ê ãëàâíîé îñè òåëà è ïîä ïðÿìûì
óãëîì ê îñè ìåòàìåðèè. Ìîæíî çàêëþ÷èòü, ÷òî ìåòàìåðèÿ ïðèñóòñòâîâàëà ó ïðåäêîâ
Lophrophotrochozoa, à òàê æå è ó îáùåãî ïðåäêà Bilateria, íî áûëà óòåðÿíà â íåêîòîðûõ ãðóïïàõ. Ðåäóêöèÿ ìåòàìåðèè ó ôîðîíèä è áðàõèîïîä ñâÿçàíà ñ ñèëüíûì
èçìåíåíèåì ïëàíà ñòðîåíèÿ ýòèõ æèâîòíûõ. Ìû ïðåäïîëàãàåì, ÷òî ëîôîôîðàòû 
ýòî íàèáîëåå ïðèìèòèâíûå Lophrophotrochozoa, ïîñêîëüêó îíè ñîõðàíèëè ìíîãèå
ïëåçèîìîðôíûå ÷åðòû ñòðîåíèÿ è ðàçâèòèÿ.
ÊËÞ×ÅÂÛÅ ÑËÎÂÀ: Lophotrochozoa, ôèëîãåíèÿ, ëàòåðàëüíûå ìåçåíòåðèè, ìåòàìîðôîç, ïëàí ñòðîåíèÿ.

Introduction
Many publications over the last 15 years
strongly support the view that Bilateria consist
of three groups: the Lophotrochozoa, the Ecdysozoa, and the Deuterostomia (Zravý et al., 1998;
Adoutte et al,. 2000; Halanych, Passamaneck,
2001; Peterson, Eernisse, 2001; Giribet, 2002;
Balavoine, Adoutte, 2003; Halanych, 2004;
Telford, 2006; Dun et al., 2008; Paps et al.,
2009). Despite controversy about the specific
position of some taxa, these major groups now
seem to be well established and are frequently
recovered in analyses of data sets derived from
ribosomal RNAs, mitochondrial genomes, and
ESTs. The classical view that the Lophophorata
is closely related to the Deuterostomia is still
discussed but has increasingly been challenged
based on morphology and molecular phylogeny
(see Cohen, 2000; Cohen, Weydmann, 2005;
Lüter, 2000, 2004; Lüter, Bartolomaeus, 1997;

Adoutte et al., 2000; Giribet et al., 2000; Nesnidal et al., 2010). According to recent ideas on
animal phylogeny, the Lophophorata and Trochozoa are two closely related animal groups
forming the taxon Lophotrochozoa (Halanych
et al., 1995; Helfenbein, Boore, 2004; Helmkampf et al., 2008; Giribet, 2008). Moreover,
all three phyla of lophophorates (the Phoronida,
the Bryoza, and the Brachiopoda) are currently
thought to be included in the Trochozoa (Dun et
al., 2008; Giribet, 2008; Paps et al., 2010).
Metamery is clearly pronounced in many
groups within the Ecdysozoa (e.g., Arthropoda
and Lobopoda) and the Deuterostomia (e.g.,
Chordata). Among the Lophotrochozoa, some
groups of typical trochozoan (annelids, for example) exhibit classical metamery, while others
(e.g., mollusks, echiurids, and sipunculids) demonstrate more or less well-expressed traces of
ancestral metamery (Hessling,Westheide, 2002;
Kristof et al., 2008; Wanninger, 2009).

The evidence of metamery in adult brachiopods and phoronids
In understanding of the origin of metamery
in these groups, we must choose between two
hypotheses. The first hypothesis is that in animal evolution metamery originated three times
independently. The alternative hypothesis is
that the common bilaterian ancestor possessed
metamery and that some animal groups lost
metamery during further evolution. The second
hypothesis seems more plausible than the first.
Lophophorata seems to be the only group
that lacks metamery. In classical zoology, the
Lophophorata is regarded as an archicoelomate
group that has archimery instead of metamery
(Masterman, 1898; Remane, 1949; Ulrich, 1951;
Siewing, 1980). The search for traces of metamery in lophophorates is important because the
detection of such traces would confirm the hypothesis concerning the primary metamery of
Bilateria.
Nielsen (1991) demonstrated that the larva
of the brachiopod Neocrania, which is in the
Lophophorata, has three pairs of setae bundles
arranged metamerically. Until now, this is the
only unquestionable example of metamery in
lophophorates. Adult brachiopods and phoronids have no definite signs of metamery. The
main purpose of this publication is to reveal the
traces of the ancestral metamery in the structure
of brachiopods and phoronids and suggest a
hypothesis concerning the origin of their sophisticated body plans.

Metamery in brachiopods
Among all brachiopods, metamery is expressed most in the larva of Neocrania. According to Nielsen (1991), the larva of Neocrania
has external and internal metamery. Externally,
the larva has three pairs of setae pouches (Fig.
1A). It is well known that, among all Bilateria,
only brachiopods and annelids have setae with
defined ultrastructure. In Neocrania larvae,
Nielsen (1996) described an unpaired anterior
coelom and three pairs of coelomic sacks corresponding to three pairs of setae pouches (Fig.
1A). Other authors suggested that the three pairs
of sacks are not coelomic sacks but are setae
pouch muscles (Altenburger, Wanninger, 2010).
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Nevertheless, no researcher has denied the occurrence of metamery in the organization of
Neocrania larvae. According to Nielsen (1991),
the Neocrania larva at metamorphosis curls
ventrally by contraction of a pair of midventral
muscles, which are extensions of the first pair of
coelomic sacks (Fig. 1A). The anteriorposterior axis of the larva curves. Both valves of the
adult originate from dorsal epithelial areas of
the larva. The brachial valve is secreted by the
middle part of the dorsal epithelium, and the
pedicle valve is secreted by the attachment
epithelium. Nielsen (1991) suggested that metamorphosis of Neocrania recapitulates origin
of the body plan of all brachiopods, i.e., recent
brachiopods fold on the ventral side. Acceptance of this idea facilitates the detection of
metamery in adult brachiopods.
The coelom of adult brachiopods has a complex organization. Adult brachipods have large
and small sinuses of the lophophore, a pereisophageal coelom associated with the small
sinus of lophophore, and a voluminous trunk
coelom that penetrates into the mantle (Hancock, 1859; Blochmann, 1892; Blochmann,
1900; James, 1997; Williams et al., 1997; Kuzmina et al., 2006; Kuzmina, Malakhov, 2011).
The dorso-ventral mesentery divides the trunk
coelom into left and right parts. Most brachiopods have two pairs of incomplete lateral mesenteries (Fig. 1B). They are called the gastroparietal and ileoparietal mesentery. Novocrania have only ileoparietal mesentery. The origin
of the lateral mesenteries in brachiopods is
unknown. Three-dimensional reconstruction of
the lateral mesenteries reveals that they pass at
an angle to each other (Fig. 1B) (Malakhov,
Kuzmina, 2006). If one accepts that the anteriorposterior axis of the brachiopod is curved
(as it is in metamorphosis) (Fig. 1C), then the
lateral mesenteries are located like dissepiments
between segments. If lateral mesenteries correspond to dissepiments, three trunkal segments
that partly fused form the trunk coelom. Interestingly, this number (three) agrees with number
of segments in Neocrania larvae.
In typical metameric animals like annelids,
the dissepiments bear the funnels of the nephrid-
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Fig. 1. Metamery in brachiopods.

A  The organization and metamorphosis of a Neocrania anomala larva according to Nielsen (1991) with changes;
B  The arrangement of lateral mesenteries in adult articulate brachiopods (Hemithyris psittacea): dorsal and side views
according to Malakhov, Kuzmina (2006) with changes; C  The origin of the brachiopod body plan in evolution.

Ðèñ. 1. Ìåòàìåðèÿ ó áðàõèîïîä.

A  Îðãàíèçàöèÿ è ìåòàìîðôîç ëè÷èíêè Neocrania anomala ïî äàííûì Nielsen (1991) ñ èçìåíåíèÿìè; B a
Ðàñïîëîæåíèå ëàòåðàëüíûõ ìåçåíòåðèåâ ó âçðîñëûõ ñîâðåìåííûõ áðàõèîïîä (Hemithyris psittacea): âèä ñ
äîðñàëüíîé è ëàòåðàëüíîé ñòîðîí ïî Malakhov, Kuzmina (2006) ñ èçìåíåíèÿìè; C  ïðîèñõîæäåíèå ïëàíà
ñòðîåíèÿ áðàõèîïîä â ýâîëþöèè.

The evidence of metamery in adult brachiopods and phoronids
ia. Primitive articulated brachiopods, the Rhynchonellida, have two pairs of nephridial funnels
that open on the gastroparietal and ileoparietal
mesenteries (Fig. 1B). Brachiopods from Discinisca have two pairs of gonads: one connects
with the gastroparietal mesentery, and the other
connects with the ileoparietal mesentery (Hyman, 1959). These findings demonstrate that
adult brachiopods maintain metamery, but that
the metamery is masked by the curvature of the
anteriorposterior axis. It is important to note
that Gutmann and his coauthors (1978) were the
first to suggest that brachiopods exhibit metamery. These authors homologized lateral mesenteries of Lingula with dissepiments. At that
time, however, it was not yet known that the
anteriorposterior axis of brachiopods curves
during metamorphosis. Gutmann et al. (1978)
inferred that the anteriorposterior axis (the
axis of metamery) of adult brachiopods passes
along the axis of the pedicel of Lingula.
Thus, we can find three segments in adult
brachiopods (Fig. 1C), and these segments do
not include the lophophore and associated coeloms (large and small sinuses). Some typical
trochozoans such as Canalipalpata polychaetes
have a tentacular coelom, which is usually not
included in the counting of trunkal segments
(Rouse, Fauchald, 1997). It is conceivable that
the lophophoral coelom of brachiopods is a
homologue of the tentacular coelom of Canalipalpata polychaetes.

Metamery in phoronids
Until recently, phoronids were considered
to be typical archimeric (but not metameric)
animals. This opinion was based on results of
Masterman (1898) who described three coelomic compartments in phoronids: unpaired preoral, paired tentacular, and paired trunkal compartments. Subsequently, these results were
corrected when researchers determined that
phoronid larvae have unpaired preoral, unpaired
tentacular, and unpaired trunk coeloms (Menon, 1902; Goodrich, 1903; Cowles, 1904).
New data on the organization of the coelomic
system of phoronid larvae were then obtained
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by transmission electron microscopy, which was
a novel method at that time (Bartolomaeus,
2001). According these new results, phoronid
larvae of Phoronis muelleri have tentacular and
trunk coeloms but do not have a preoral coelom.
In our recent work (Temereva, Malakhov, 2006),
we showed that larvae of Phoronopsis harmeri
have three coeloms: preoral, tentacular, and
trunkal (Fig. 2A, B). Thus, phoronid larvae have
two types of coelomic system organization. This
is also true for adult phoronids. For example,
Phoronis ovalis lacks the preoral coelom (coelom of the epistome) (Gruchl et al., 2005),
whereas Phoronopsis harmeri has a distinct
preoral coelom inside the epistome (Temereva,
Malakhov, 2011). Thus, two patterns of organization for the coelomic system occur among
adult phoronids. The first pattern  the bipartite coelom  is found in specimens of the genus
Phoronis, which have two coelomic compartments: the mesocoel (the tentacular or lophophoral coelom) and the metacoel (the trunk coelom).
The second pattern  the tripartite coelom  is
found in specimens of the genus Phoronopsis,
which have three coelomic compartments: the
protocoel, mesocoel, and metacoel. Nevertheless, no authors have considered that larvae or
adult phoronids have true metamery.
Metamorphosis in phoronids differs from
metamorphosis in brachiopods (Fig. 3) (Kovalevsky, 1867; Siewing, 1974; Herrmann, 1979;
Temereva, 2010). In the young larval stage of
phoronids, the metasomal sack forms on the
ventral body side under the tentacles (Fig. 3B,
C) (Temereva, Malakhov, 2007). The metasomal sack is an invagination of the body wall
ectoderm into the trunk coelom (Fig. 2B). In
competent larvae, the metasomal sack becomes
voluminous and long (Fig. 2C). Phoronid metamorphosis begins with evagination of the metasomal sack (Fig. 3B, C). Simultaneously, the
digestive tract attached to the metasomal sack
by ventral mesentery draws down. Together
with the digestive tract, other organs (the blood
system and nephridia) draw down into the inverted metasomal sack. The terminal part of the
metasomal sack moves constantly; it becomes
swollen and spherical (Fig. 3D) and then trans-
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Fig. 2. Phoronid larvae.

A  Competent larva of Phoronipsis harmeri, frontal section, scanning electron microscopy (SEM); B  Young larva
of Phoronipsis harmeri, sagittal semi-thin section; C  Live actinotrocha from Coos Bay (Oregon, USA, photograph
courtesy of S. A. Maslakova); D  Z-projection of apical organ of a 24-day-old larva of Phoronopsis harmeri stained
for 5HT and F-actin (mounted in Muray Clear). Green color  nervous system, gray color  muscles.

Ðèñ. 2. Ëè÷èíêè ôîðîíèä.

A  Êîìïåòåíòíàÿ ëè÷èíêà Phoronipsis harmeri, ôðîíòàëüíûé ñðåç, ñêàíèðóþùàÿ ýëåêòðîííàÿ ìèêðîñêîïèÿ
(ÑÝÌ); B  Ìîëîäàÿ ëè÷èíêà Phoronipsis harmeri, ñàãèòòàëüíûé ïîëóòîíêèé ñðåç; C  Æèâàÿ àêòèíîòðîõà èç
çàë. êóñ Áýé (Îðåãîí, ÑØÀ, ëþáåçíî ïðåäîñòàëåíà Ñ.À. Ìàñëàêîâîé); D  Z-ïðîåêöèÿ ïåðåäíåãî êîíöà òåëà
24õäíåâíîé ëè÷èíêè Phoronipsis harmeri, îêðàøåííîé àíòèòåëàìè ïðîòèâ ñåðîòîíèíà è ôàëëîèäèíîì
(ñìîòðèðîâàíà â Muray Clear). Çåëåíûé öâåò  íåðâíàÿ ñèñòåìà, ñåðûé öâåò  ìóñêóëàòóðà.
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Fig. 3. Metamorphosis in phoronids. SEM (A-E) and light (F) micrographs.

A  Competent larva of Phoronopsis harmeri; B  Larva of Phoronis ijimai, the start of eversion of the metasomal
sack; C  Larva of Phoronopsis harmeri with fully everted metasomal sack; D  The stage of maceration of the preoral
lobe; E  The stage of formation of definitive tentacles from distal portions of larval tentacles; F  The juvenile of
Phoronopsis harmeri.

Ðèñ. 3. Ìåòàìîðôîç ôîðîíèä. Ôîòîãðàôèè ñî ñêàíèðóþùåãî ýëåêòðîííîãî ìèêðîñêîïà (A-E) è
ñâåòîâîãî ñòåðåîñêîïè÷åñêîãî ìèêðîñêîïà (F).

A  Êîìïåòåíòíàÿ ëè÷èíêà Phoronopsis harmeri; B  Ëè÷èíêà Phoronis ijimai, ó êîòîðîé íà÷àë âûâîðà÷èâàòüñÿ
ìåòàñîìàëüíûé êàðìàí; C  Ëè÷èíêà Phoronopsis harmeri ñ ïîëíîñòüþ âûâåðíóòûì ìåòàñîìàëüíûì êàðìàíîì;
D  Ñòàäèÿ ìàöåðàöèè ïðåîðàëüíîé ëîïàñòè; E  Ñòàäèÿ ôîðìèðîâàíèÿ äåôèíèòèâíûõ ùóïàëåö èç äèñòàëüíûõ
êîíöîâ ëè÷èíî÷íûõ ùóïàëåö; F  Þâåíèëü Phoronopsis harmeri.
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forms into a thin protrusion. During the first 6
minutes of metamorphosis, the metasomal sack
and larval oesophagus and stomach, and especially the upper portion of the stomach, stretch
substantially. During the metamorphosis of
Phoronopsis harmeri, the larval preoral lobe
and distal parts of larval tentacles are macerated
and digested (Fig. 3D, E). The dorsal body wall
of the larva becomes very short and is located
between the mouth and anus. After 15 minutes,
the juvenile animal forms; only the presence of
the telotroch indicates that it is not an adult
animal. The telotroch breaks down and disappears after 9 days (Fig. 3F).
Thus, the body of the adult phoronid originates from the ventral body side of the larva
(Fig. 4A). Adult phoronids have very long ventral sides and very short dorsal sides. The anterior-posterior axis passes from mouth to anus,
and is also very short.
Do phoronids have any sign of metamery? It is
well known that the trunk coelom in adult phoronids is subdivided into four cavities by five mesenteries (Fig. 4B). In addition to dorsoventral
mesentery, which occurs in all bilaterian animals,
phoronids possess two lateral mesenteries (Fig.
4B). Their nature has been explained by the hypothesis of phoronid folding. This hypothesis presumes that a hypothetical ancestor of phoronids
inhabited a U-shaped burrow in soft sediment,
where it drew the anterior and posterior parts of the
body together and eventually fused them (Mamkaev, 1962). As a consequence of folding, the
paired coelomic sacks situated along the ascending and descending portions of the gut came into
contact with each other and fused, forming the
lateral mesenteries along the line of contact. However, peculiarities of phoronid metamorphosis and
the position of the nephridial funnels on the lateral
mesenteries are not explained by this elegant concept. The phoronid larva does not, strictly speaking, fold onto its dorsal side, becoming U-shaped.
In fact, the protrusion of the larval ventral side has
just developed (Fig. 4A).
We suggest an alternative hypothesis to explain the origin of lateral mesenteries in phoronids. According to this alternative hypothesis, the
phoronid ancestors were oligomerous animals

that possessed not only preoral and tentacular
coelomes but also two coelomic compartments in
the trunk (Fig. 4C). The paired nephridial funnels
opened on a dissepiment between these coelomic
compartments. This oligomerous ancestor buried itself in soft sediment by means of the ventral
protrusion to which the loop of the intestine and
dissepiment were drawn (Fig. 4C). We suggest
that the lateral mesenteries of contemporary adult
phoronids represent what became of the dissepiments between the anterior and posterior pairs of
trunk coeloms (Fig. 4C). This also explains the
position of the nephridial funnels.
Phoronids have oral, anal, interintestinal,
and two lateral mesenteries (Temereva, Malakhov, 2001). The oral, anal, and interintestinal
mesenteries are parts of the dorso-ventral mesentery, which is present in all coelomic Bilateria. The left and right lateral mesenteries are
unique features of phoronids. Lateral mesenteries are situated at a right angle to the short
anteriorposterior axis (Fig. 4B). This is consistent with the idea that the left and right mesenteries are parts of a dissepiment that divided
two trunk segments. These segments have formed
the body of recent phoronids (Fig. 4C). We
emphasize that the epistomal coelom (if present)
and the lophophoral coelom do not count as
trunk segments.
The presence of metamery in phoronid can
be supported by new data about early neurogenesis of Phoronopsis harmeri (Temereva, 2011).
As it was shown, young Ph. harmeri larvae have
ventral nerve cord, which consist of two rows of
repetitive perikarya and cross commissures between paired perikarya. Thin repetitive commissures are apparent both in the serotonergic
and FMRF-amidergic nervous system in young
larvae. Phoronids may have inherited this nerve
cord with metameric commissures from their
common ancestor, which had a metameric organization.

Why was metamery reduced in
phoronids and brachiopods?
The presence of metamery in phoronids and
brachiopods correlates with their close relation
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Fig. 4. Metamery in phoronids.

A  The scheme of phoronid metamorphosis; B  Schemes of longitudibal and transverse sections through the body
of an adult phoronid; C  The origin of the phoronid body plan during evolution.

Ðèñ. 4. Ìåòàìåðèÿ ó ôîðîíèä.

A  Ñõåìà ìåòàìîðôîçà ôîðîíèä îò àêòèíîòðîõè äî þâåíèëüíîãî æèâîòíîãî; B  Ñõåìû ïðîäîëüíîãî (ñëåâà)
è ïîïåðå÷íîãî (ñïðàâà) ñðåçîâ ÷åðåç òåëî âçðîñëîé ôîðîíèäû; C  Ïðîèñõîæäåíèÿ ïëàíà ñòðîåíèÿ ôîðîíèä â
ýâîëþöèè.
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with the Trochozoa, in which the central group
(the Annelida) has pronounced metamery. Primitive annelids are polymeric animals with a large
number of segments. Annelida have a tendency
toward oligomerization of segment number.
Among annelids, oligomerous forms are small
animals like Dinophilus, Ophriotrocha, and
other Archiannelida. Living in tubes and burrows contributes to the loss of metamery. In
some sedentary polychaets, the dissepiments in
the anterior body part are partly reduced or
absent. Adult sipunculans and echiurans, which
are burrowing animals, do not have metamery.
It is possible that reduction of dissepiments in
sedentary polychaets, echiurans, and sipunculans correlates with peristaltic locomotion. If
dissepiments remained, they would prevent movement of the coelomic fluid. In nonmetameric
sipunculids and echiurids, detailed investigation
of the nervous system has revealed metameric
ganglions in the ventral nerve cord (Hessling,
Westheide, 2002; Kristof et al., 2008; Wanninger, 2009). Like annelids, mollusks exhibit a
reduction of metamery. In Polyplacophora, the
metamery is expressed as metameric plates of the
shell and metameric muscles (Dogiel, 1981;
Ivanov et al., 1985). Monoplacophora has metameric ctenidia and nerve comissures. Moreover,
monoplacophores have six pairs of nephridial,
and this metamery is coordinated with metamery
of the ctenidia. Other mollusks demonstrate partial or complete loss of metamery.
Brachiopods and phoronids are true metameric animals but are extremely oligomerous
even in comparison with archiannelids or Mollusks. It is therefore reasonable to ask: Why
have brachiopods and phoronids retained so
few segments? The reduction in segments might
correlate with a unique body plan. In both groups,
the anterior-posterior axis (this is the axis of
metamery) is extremely short (Figs 1, 4). Though
body plans of brachiopods and phoronids are
variable in both groups, the main body axis
(apical-basal axis) passes perpendicularly to the
anteriorposterior axis.
In brachiopods, the anterior-posterior axis
passes from the brachial valve to the pedicle
valve, and this leaves sufficient space for only a

small number of segments. In phoronids, the
length of anterior-posterior axis relative to the
apical-basal axis is even less than in brachiopods. This might explain why phoronids retained only two trunk segments.
In both groups, further loss of metamery is
evident in some species. In adult craniids, for
example, the gastroparietal mesentery is absent
(Hyman, 1959). Among phoronids, Phoronis
muelleri does not have a left lateral mesentery,
and the tiny Phoronis ovalis lacks both the left
and right mesenteries. In addition, neither of the
lateral mesenteries in phoronids passes into the
ampulla (Fig. 4B, C). The ampulla is the most
mobile body part and can swell and contract
(Fig. 3DF). The reduction of lateral mesenteries in this body part facilitates movement of the
coelomic fluid in the trunk cavity.

Are Lophophorates primitive Lophotrochozoa?
The position of the Lophophorata on the
phylogenetic tree of Lophotrochozoa is still a
subject of intensive discussions. Some authors
consider brachiopods and phoronids as the basal Lophotrochozoa (Zrzavý et al., 1998; Giribet et al., 2000; Peterson, Ernisse, 2001), while
others place them among true Trochozoa (Giribet, 2008; Jang, Hwang, 2009; Paps et al.,
2010). However, true Trochozoa (annelids,
molluscks, nemertines, and entoprocts) have
determined spiral cleavage of the egg and their
coelom formation involves teloblasts (Render,
1997; Henry, Martindale, 1998; Boyer et al.,
1998), whereas barchiopods and phoronids have
radial undetermined cleavage of the egg and
their coelom formation, like that of the deuterostomians, involves enterocoely (Malakhov,
Temereva, 1999; Freeman, Martindale, 2002;
Temereva, Malakhov, 2007).
How can this contradiction be solved? One
possible solution is that brachiopods and phoronids lost spiral cleavage and develop radial
cleavage and an enterocoelic manner of coelom
formation independently of deuterostomians
(Hausdorf et al., 2007, 2010; Dunn et al., 2008;
Hejnol et al., 2009; Heinol, 2010). In that case,
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Fig. 5. Evolution of metamery in the stem Lophophorata.
Ðèñ. 5. Ýâîëþöèÿ ìåòàìåðèè ëîôîôîðàò.

we have to concede that the radial cleavage and
enterocoelic type of coelom formation originated at least twice: in deuterostomians and in
lophophorates. It is more plausible that radial
cleavage and enterocoely are plesiomorphic
features that were characteristic for ancestral
bilaterians. Deuterostomians, chaetognaths, and
lophophorates have retained these plesiomorphic conditions, while spiralians developed determined spiral cleavage and teloblasts as a
specific synapomorphy.
Some other aspects of lophophorates development also emphasize their primitive position
in comparison with true Trochozoa. In phoronid

and brachiopod development, their first signal
neurons differentiate in the epidermis of the
apical plate (Hay-Schmidt, 1990a; Altenburger,
Wanninger, 2010) as they do in larvae of Deuterostomia: hemichordates and echinodermates
(Hay-Schmidt, 2000; Tagawa et al., 2001; Dupont et al., 2009; Katow et al., 2009). Moreover,
according to our unpublished data (Fig. 2D) and
the published literature (Hay-Schmidt, 1990a,
b; Sanatagata, 2002; Santagata, Zimmer, 2002),
the apical organ of actinotrochs contains numerous serotonergic neurons. The apical organ of
trochophores contains only two or four serotonergic neurons (Croll, Voronezhskaya, 1996;
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Voronezhskaya et al., 2002, 2003; Voronezhskaya, 2007). In larvae of annelids and mollusks, the first signal neurons differentiate in the
posterior part of the body and do not connect
with the apical plate (McDougall et al., 2006;
Voronezhskaya, 2007). The decrease in number
of neurons in the apical organ of Spiralia is
derived condition in comparison with quantity
of neurons in lophophorates and deuterostomians. The formation of the posterior nerve center
seems to be a synapomorphy of Spiralia.

Conclusion
Because metamery occurs in all principal
groups of Bilateria, we infer that the common
bilaterian ancestor was a metameric animal.
This hypothesized ancestor had metameric coelomic compartments that arose from chambers
of the gastral cavity; it had simple, nondeterminate radial cleavage of the egg; it had multicellular enterocoelic origin of the coelomic mesoderm; and it had numerous nerve cells in the
apical nerve center. Lophophorates retained most
of these characters but they reduced the number
of trunk segments drastically (Fig. 5). Metamery
was nearly lost, we suggest, because the body
plan in all lophophorates has strongly changed
in different ways. Brachiopods have folded on
the ventral side while phoronids formed a ventral protrusion (Fig. 5). In spite of these dramatic transformations of body plans, we are able to
recognize the vestiges of the metamery in both
brachiopods and phoronids, and these are the
lateral mesenteries. They are situated at an angle
to the main axis of the body and always at a right
angle to the axis of metamery. Moreover, the
lateral mesenteries in phoronids and brachiopods bear funnels of excretory organs like the
dissepiments of true metameric animals. Thus,
lophophorates are metameric animals like all
other Bilateria.
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