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Metameric structures in the subepidermal nervous
system of the nemerteans with review of the metamerism
in Nemertea
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ABSTRACT: The subepidermal nervous system of five nemertean species (Tubulanus sp.,
Hubrechtella juliae, Cephalothrix simula, Quasitetrastemma stimpsoni, and Ototyphlone-
mertes martynovi) was studied using antibodies against serotonin (5-HT) and catechola-
mines (for H. juliae only) together with confocal laser scanning microscopy. Tubulanus sp.
and H. juliae have closely situated transverse (semicircular) nerves connecting the dorsal
nerve and/or the lateral nerve cords. Two kinds of metameric structures are found in the
subepidermal nervous system of C. simula: closely situated transverse nerves and well-
developed ring nerves spaced 380750 um apart. Closely situated transverse subepidermal
nerves connect two subdorsal and two subventral longitudinal nerves in Q. stimpsoni and
O. martynovi. Juvenile specimens of Q. stimpsoni (four days after hatching) lack both
transverse and longitudinal subepidermal nerves. The examples of metamerism in nemerte-
an morphology are discussed. The metameric ring nerves and rhynchocoel septa of
cephalotrichid nemerteans are of chief interest, but further investigations of both structures
are necessary for correct evolutionary interpretations.
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PE3IOME: IlpuBeneHsl JaHHBIE O CyO3MHUTENUAIbLHOW HEPBHOW CHCTEME Y S5 BHJIOB
wemeptud (Tubulanus sp., Hubrechtella juliae, Cephalothrix simula, Quasitetrastemma
stimpsoni u Ototyphlonemertes martynovi), moTydeHHbIE METOITaMU KOH(OKAIBHOI CKa-
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HUPYIOLIEH JIa3epHOI MUKPOCKOIIMH C UCII0JIb30BaHUEM aHTUTEJ IPOTUB CEPOTOHMHA (JIs1
H. juliae — npotus karexonamMuHoB). Y Tubulanus sp. u H. juliae BbIIBICHBI OJIM3KOpac-
TI0JIOXKEHHBIE TIONIEpEeUHbIE (TTOIYKOJIBIEBBIC) HEPBBI, COSAMHSIOIINE JTOPCATILHBIN HEPB U
(unm) 6okoBbie HepBHBIE CTBOJIBL. Y C. simula, TOMUMO 3THX HEPBOB, BBISIBIIEHBI XOPOIIO
pa3BUTHIE KOJIBIEBBIE HEPBBI, PACHOJIOKEHHBIE HA paccTostHUUM 380-750 MKM Ipyr OT
npyra. Y Q. stimpsoni u O. martynovi OJM3KOPACIONIOKCHHBIC MOICPEYHBIC HEPBBI
COCIUHAT CyOa0pCcaIbHbIe U CYOBCHTPAJIbHBIC TIPOIOJIbHBIC HEPBhI. Y FOBEHUIBHBIX Q.
stimpsoni (Bo3pacT 4 CyTOK) cyOsmHTeNMalIbHasi HEPBHAsI CHUCTEMa pa3BUTa ci1abo, He
HMEET SIBHBIX MPOOJIBHBIX M ITOTIEPEYHBIX AJIeMEHTOB. OOCYKIAI0TCS MTPOSIBICHHSI METa-
Mepur y HemepTuH. Hanbonbimii naTepec npencrasisier Haauuue y Cephalotrichidae
METaMEPHBIX KOIbIIECBBIX HEPBOB M PUHXOIETBHBIX CEIT, OJJHAKO JIsI SBOIIOIHOHHBIX
WHTEpIpeTanuii Heo0X0AUM NajbHENIIee UCCIIeIOBAHUE ITUX CTPYKTYP.

Kak uutupoBath oty crarbio: Chernyshev A.V., Magarlamov T.Yu. 2013. Metameric
structures in the subepidermal nervous system of the nemerteans with review of the
metamerism in Nemertea // Invert. Zool. Vol.10. No.2. P.245-254.

KJIFOUEBBIE CJIOBA: konblieBble HEPBBI, MeTaMepusi, HEMEPTUHBI, PUHXOLENbHbIE

CenTsl, cyOsnuTenanbHas HepBHas cuctema, Cephalothrix.

Introduction

The presence of metameric structures in the
so-called parenchymatous worms has aroused
much interest among zoologists, since this al-
lows the interpretation of these facts either in the
context of their origin from annelids (or other
metameric forms) or as the predecessor of present
metamerism (McIntosh, 1873—1874; Hubrecht,
1887; Sedgwick, 1898, etc.). Although the search
ofthe vestiges of metamerism in the nemerteans
has been pursued for more than 130 years, there
is no convincing evidence supporting the pres-
ence of segmentation in their ancestors (and,
equally, the lack of segmentation). In the present
paper, we briefly outline new data on the
metamerism of the subepidermal nervous sys-
tem of the nemerteans with analysis of the
metameric structures in representatives of this
phylum.

Many authors consider metamerism to be
segmental repetition of homologous body parts
(see Maggenti, 2005). Willmer (1990) applies
‘metamerism’ only to cestodes; in other cases he
uses either ‘segmentation’ (for arthropods, an-
nelids, and vertebrates) or ‘serial repetition’
(for other groups). Couso (2009) applies the
following definitions: a) in a serial pattern, a

single organ or structure is repeated along the
animal body without further functional or devel-
opmental consequences; b) metamerism indi-
cates the existence of at least two sets of such
coordinated, serially repeated organs along the
main axis of the body, and assumes the exist-
ence of related patterning mechanisms; ¢) seg-
mentation is the most extreme example of
metameric organisation and entails the metamer-
ic repetition of most organs of the body, such as
insome cases the adult body itself'seems formed
by repeated physical units, the segments. It is
important to note that Couso (2009) regards
Nemertea as a ‘metameric phylum’. Russian
zoologists generally adopt a broader interpreta-
tion of the term ‘metamerism’, including in it
both serial pattern and segmentation (see Bek-
lemishev, 1969). In the present paper, we ad-
here to this approach.

The interest to the study of the metamerism
ofthe subepidermal nervous plexus is caused by
that the main part of the nemertean nervous
system (primarily the brain and lateral nerves) is
in an ancestral form was subepidermal, and this
is the case with most palaconemerteans and
hubrechtiids (Hubrecht, 1887; Biirger, 1895,
1897-1907).

In the course of evolution of various nem-
ertean groups the brain and (or) lateral nerve
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cords have shifted into the body wall muscula-
ture or, as in hoplonemerteans, beneath the body
wall musculature. Nevertheless, the subepider-
mal nervous plexus is retained in the archi- and
hoplonemerteans and its study began recently
(Zaitseva et al., 2007). Similar to palacone-
merteans, in heteronemerteans the brain, lateral
nerve cords, and the commissural plexus con-
nected with them are located outside the outer
circular musculature of the body wall. Howev-
er, because of the presence of the outer longitu-
dinal musculature, most of the nervous system
in Heteronemertea is not directly subepidermal,
but embedded in the extracellular matrix sepa-
rating the outer longitudinal muscle layer and
the outer circular muscle layer. In heteronerm-
erteans, the subepidermal nervous plexus per se
may originate after the outer longitudinal mus-
culature has formed in a pilidiophoran ancestor.

As early as the 19th century, it was known
that the “commissural plexus” of the heterone-
merteans and the subepidermal nervous plexus
of the palaconemerteans might have metameric
structure (Hubrecht, 1887; Biirger, 1895, 1897—
1907; Punnett, 1901, etc.); nevertheless, this
phenomenon has hardly been studied in the
second half of the 20th century.

Materials and methods

All species examined in this research were
collected in Peter the Great Bay of the Sea of
Japan: Tubulanus sp. (undescribed species from
family Tubulanidae, order Tubulaniformes) —
2 specimens; Hubrechtella juliae Chernyshev,
2002 (family Hubrechtellidae, order Hubrechti-
iformes) — 3 specimens; Cephalothrix simula
(Iwata, 1952) (family Cephalotrichidae, order
Archinemertea) — 3 specimens; Quasitet-
rastemma stimpsoni (Chernyshev, 1992) (fam-
ily Tetrastemmatidae, order Monostilifera)—2
adult specimens and 4 juveniles (4 days after
hatching) (a more complete information on the
cultivation techniques of the larvae and juve-
niles of this species is given ina work of Cherny-
shev, 2008); Ototyphlonemertes martynovi
Chernyshev, 1993 (family Ototyphlonemertidae,
order Monostilifera) — 1 specimen.
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For confocal laser-scanning microscope
(CLSM) investigations live nemerteans were
fixed for 1 hour in 4% formaldehyde in PBS
(with prior relaxation in MgCL,), rinsed in PBS
and permeabilized for one hour in 1% triton X-
100 in PBS. Then specimens were washed with
PBS, incubated for I hour in a blocking solution
consisting of 1% bovine serum albumin (BSA)
and 10% normal serum of goat in PBS. For
detecting the serotonergic nervous system the
proboscis pieces were transferred to a solution
of anti-serotonin (5-HT, polyclonal, rabbit, di-
luted 1:2000, Immunostar) primary antibody in
PBS with 1% BSA. For observation of the
cateholaminergic nervous system the proboscis
fragments were placed in anti-tyrosinehydroxy-
lase (polyclonal, rabbit, diluted 1:1000, Immu-
nostar) primary antibody in PBS with 1% BSA.
In all cases the material was kept for 24 hours at
+4°C in the primary antibody, then rinsed in
phosphate buffer and incubated for 2 hours at
room temperature in goat—anti-mouse Alexa
488 (Invitrogen) immunoglobulin G, diluted
1:8001in PBS. Pieces of the bodies were washed
in PBS and immersed in Mowiol 4-88 (Aldrich)
and mounted on glass slides. The specimens
were examined with an LSM-510 Meta confo-
cal microscope (Carl Zeiss, Germany). The ob-
tained images series were analyzed with CLSM-
510 Meta software. Images were further pro-
cessed with Photoshop CS2 to adjust contrast
and brightness and to create digital line draw-
ings.

Results

Tubulanus sp. (Figs. 1A, B). The subepider-
mal nervous system showed intense immunore-
activity to serotonin. In the area of the stomach
and anterior intestine, the dorsal nerve is con-
nected with the lateral nerve cords by a subepi-
dermal network of nerve processes, of which
few are transverse. On the ventral side of the
body, the ventral nerve was not observed, the
lateral nerve cords are connected with each
other by subepidermal transverse (or more ex-
actly semicircular) nerves spaced 30-50 pm
apart.
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Fig. 1. Distribution of the serotonin (A, B) and catecholamine (C, D) immunoreactivity of the nemertean
nervous system, Z-projections of the longitudinal confocal sections.

A, B— Tubulanus sp., foregut region (A — dorsal view; B — ventral view); C, D — Hubrechtella juliae, lateral view
(C — foregut region; D — intestine region). Abbreviations: dn — dorsal nerve; In — lateral nerve cord; m — mouth;

tn — transversal (semircircular) nerve. Scale bar 100 um.

Puc. 1. Pacnpenenenus ceporonnHoBoii (A, B) u karexomamuHoBoil (C, D) IMMyHOpEaKTHUBHOCTH B
HEPBHOH CHCTeMe HEMEPTHH, Z-TIPOCKIINU MPOIOJIBHBIX oNTHYecKuX cpe3oB B CLSM.

A, B — Tubulanus sp., o6nactb nepeaneil KUk (A — Bux nopcainbHo, B — Bun BentpansHo); C, D — Hubrechtella
Jjuliae, Bun c6oky (C — obnactb nepeanet kumkn; D — o6aacTs cpenneit kumkn). O6o3nadeHus: dn — gopcaibHbIi
HepB; In — yaTepanbHbIi HEPB; M — POT; th — MonepeyHbIi (MoayKobLeBoii) HepB. Macitab 100 MxM.

Hubrechtella juliae. (Fig. 1C, D). The sub-
epidermal nervous system showed intense im-
munoreactivity to catecholamine (the staining
with antibodies against serotonin was poor).
The dorsal nerve is short and terminates in the
stomach area; the ventral nerve was not re-
vealed. The dorsal nerve and the lateral nervous
cords are connected by a strongly developed
subepidermal nerve plexus, which contains trans-
verse (semicircular) nerves spaced 20-30 um

apart. The lateral nerve cords behind the dorsal
nerve are also connected by transverse nerves
(dorsally or ventrally).

Cephalothrix simula (Figs.2A—C). The sub-
epidermal nervous system showed intense im-
munoreactivity to serotonin. The dorsal nerve is
distinct in the anterior body region, it gives rise
to thin transverse (semiring) nerves spaced 30—
50 pm apart from each other. Well-developed
large subepidermal ring nerves are 380750 um
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Fig. 2. Distribution of the serotonin immunoreactivity of the nemertean nervous system, Z-projections of the
longitudinal confocal sections.

A—C — Cephalothrix simula (A — foregut region, dorsal view; B, C — posterior body region, dorso-lateral view); D,
E — Quasitetrastemma stimpsoni (D — intestine region of the adult specimen, ventral view; E — anterior half of the
juvenile specimen, 4 days after hatching, dorsal view); F — Ototyphlonemertes martynovi, intestine region, dorsal view.
Abbreviations: dn — dorsal nerve; In — lateral nerve cord; rn — ring nerve; sdn — subdorsal nerve; svn — subventral
nerve; tn — transversal (semicircular) nerve. Scale bar: A,B — 200 um, C — 100 pm, D-F — 50 pm.

Puc. 2. PacnipeseneHuss CEpOTOHMHOBONH UIMMYHOPEAKTUBHOCTH B HEPBHOI cUCTEME HEMEPTHUH, Z-IIPOeK-
MU TIPOAOJIBHBIX OnTHYeckux cpe3oB B CLSM.

A—C — Cephalothrix simula (A — obnacTth niepenHel KUIIKK, BUA JopcanbHo; B, C — obnacTb 3aaHeill yacTu Tena,
BHUJ 1opco-narepaibHo); D, E — Quasitetrastemma stimpsoni (D — 061acTh cpeHEH KHIIKH MTOJIOBO3PEIIOil 0ocodn,
BUJ BEHTpasbHO; E — mepenHsst MONOBHHA Tela IOBEHMJIBHOW ocobm Bo3pacToM 4 aHs, BHJ JOpcayibHO); F —
Ototyphlonemertes martynovi, 06nactb CpeiHel KUIIKH, BU] JopcaibHo. O003HaueHus: dn — JopcaibHblil HepB; In —
JaTepanbHBIl HEPB; I — KOJbLEBON Heps; sdn — cyOaopcanbHBIl HEPB; SV — CyOBCHTpAIbHBIN HEPB; tn —
NonepeyHbIi (morykobeBoit) Heps. Macmrad: A,B — 200 mxM, C — 100 MM, D-F — 50 mMxm.

apart from each other. The anterior-most ring
nerves are located at the very beginning of the
intestinal region, the posterior-most are not far
from the posterior end of the body. These ring
nerves run in close proximity to the neuropil of
the lateral nerve cords but do not appear to be

connected with the serotonergic nerve fibers of
the latter (Fig. 2C).

Quasitetrastemma stimpsoni (Figs. 2D, E)
showed significant immunoreactivity to seroto-
nin. Thin transverse nerves spaced 5-15 um
apartare predominantin the subepidermal nerve
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Fig. 3. Schematic representations of nemertean morphology.

A — nervous system of an anoplan nemertean (from Hubrecht, 1887); B— nervous system of Tubulanus (after Borger,
1897-1907, reproduced from Goncharoff, 1961); C — nervous system of Hubrechtonemertes lankesteri (from
Hubrecht, 1887); D — nervous system of Neuronemertes aurantiaca (from Coe, 1933); E— head region of Cephalothrix
linearis (from Mclntosh, 1873—1874). Abbreviation: br — brain; co — cerebral organ; dg — dorsal “ganglia”; dn —
dorsal nerve; In — lateral nerve cord; m — mouth; pn — peripheral nerves; pr — proboscis; th — rhynchocoel; rs —
rhynchocoel septa; srn — semicircular nerves; sdn — subdorsal nerve; tn — transversal nerves.

Puc. 3. Cxembl cTpOEHUSI HEMEPTHH.

A — cxema CTPOCHHUSI HEPBHOU CHCTEMBI HEBOOpPYKeHHOIT HemepTunsl (u3: Hubrecht, 1887); B — cxema ctpoenus
HepBHOii cucteMsl Tubulanus (mo: Biirger, 1897-1907, u3: Goncharoff, 1961); C — cxema cTpoeHHs HEPBHOW CHCTEMbI
Hubrechtonemertes lankesteri (u3: Hubrecht, 1887); D — cxema cTpoeHuUs HEpBHOW cucteMbl Neuronemertes
aurantiaca (no: Coe, 1933); E — ctpoenune romosHoit wactu Cephalothrix linearis (mo: Mclntosh, 1873—-1874).
O6o03HaueHus: br — M03r; co — 1epedpaibHblil opran; dg — gopcanbHble «TaHIIIHIY; dn — JopcaabHbI HepB; In —
JIaTepanbHbIil HEPB; M — POT; pn — nepupepruuecKue HepBbl; pr — X000T; rh — PUHXOLENb; I'S — PHHXOLECIbHbIC
CeITHI; SIN — MOJIYKOJIbLEBOH HepB; sdn — CyOa0pcaabHBIi HEPB; th — MOMEPEYHBIiT HEPB.

plexus. The subepidermal nerve plexus is con-  poorly developed; no transverse elements were
nected with a pair of subdorsal and a pair of revealed (the subdorsal and subventral nerves
subventral nerves but is not connected with the ~ were not found either).

lateral nerve cords. In juvenile Q. stimpsoni 4 Ototyphlonemertes martynovi (Fig. 2F) has
days of age, the subepidermal nerve plexus is asubepidermal nervous system similar to that of
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Q. stimpsoni with two subdorsal and two sub-
ventral nerves; however, irregular transverse
nerves are spaced wider apart from each other
(30-50 um).

Discussion

The Dutch zoologist Ambrosius Hubrecht
was the first to pay attention to the metamerism
of the nemertean nervous system. Using recon-
structions of the nervous system based on serial
histological sections, he described metameric
arrangement of the transverse (semicircular)
nerves in several heteronemerteans (Hubrecht,
1887). In all of Hubrecht’s diagrams, these
nerves are shown to be connected with the
dorsal and lateral nerves, which in heterone-
merteans are located between the outer longitu-
dinal and the outer (middle) circular muscula-
ture of the body wall, forming the commissural
nerve plexus. Hubrecht depicted the semicircu-
larnerves asregularly arranged, which is partic-
ularly evident in his diagram of organization of
the nemertean nervous system (Fig. 3A). This
regular pattern may have been influenced by the
fact that Hubrecht considered Nemertea to be
the ancestor group to chordates and therefore
searched in the nemerteans for any manifesta-
tions of “future” metamerism of the lower Chor-
data (Amphioxus). Biirger (1895, 1897-1907)
confirmed the presence of metamerically ar-
ranged nerves in the heteronemertean genus
Cerebratulus; however, a thorough reconstruc-
tion of the nervous system of Tubulanus re-
vealed that the subepidermal ring nerves are not
arranged as regularly (Fig. 3B) as in Hubrecht’s
diagrams.

Of much more interest is the reconstruction
(Hubrecht, 1887) of the nervous system in the
polystiliferous hoplonemertean Hubrechtone-
mertes lankesteri (Hubrecht, 1887), which shows
the metamerically arranged commissures con-
necting the lateral nerve cords that, in turn, give
rise to metameric peripheral nerves (Fig. 3C).
H. lankesteri belongs to the suborder Reptantia
(order Polystilifera), whose representatives ex-
hibit metamerism of the lateral rhynchocoel
diverticula and the blood system (metameric
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transverse vessels), in addition to metamerism
ofthe intestinal diverticulaand gonads, which is
typical of the hoplonemerteans. Such orthogo-
nal nervous system has not been described in
other Reptantia; however, it should be borne in
mind that almost all reconstructions of the ner-
vous system in the 20th century were mainly
concerned with the brain and surrounding nerves.
For example, Thompson (1908) described 13
metameric ventral commissures between the
lateral nerves that are located immediately be-
hind the main ventral commissure of the brain in
Cerebratulus lacteus (Leidy, 1851).

A special case of metamerism has been
described in the pelagic nemertean Neurone-
mertes aurantiaca Coe, 1926. The metameric
peripheral nerves of this worm connect the lat-
eral nerve cords with the subdorsal and dorsal
nerves lying under the epidermis; the latter
bears metamerically arranged ganglia (Fig. 3D)
(Coe, 1933).

Brinkmann (1917) pursued a search for
metameric structures in Pelagica, because he
considered pelagic nemerteans to be the descen-
dants of Reptantia. Nevertheless, no traces of
metamerism in the structure of the nervous
system have been found.

The methods of indirect immunocytochem-
istry and CLSM have opened new possibilities
in the study of the nemertean nervous system;
however, there are very few studies in this area.
The most important data are those on the struc-
ture of the nervous system of nemertean larvae,
in which no vestiges of metamerism have been
revealed thus far (Chernyshev, Magarlamov,
2010; Maslakova, 2010; von Dohren, 2011).
Beckers and coauthors (2011) studied the ner-
vous system of the heteronemertean Lineus (=
Poseidon) viridis (Miiller, 1774), in which the
nerve cell processes of only the commissural
nerve plexus are oriented in a circular pattern,
demonstrating weak metamerism. We found
this structural pattern in all five species studied
and, in our opinion, it reflects the arrangement
of muscle fibers in the outer circular muscula-
ture, which is abutted by the subepidermal (com-
missural in the heteronemerteans) nerve plexus.
This pattern is partially manifested during the
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Fig. 4. Anterior portion of Cephalothrix cf. spiralis
(Sea of Japan).

Abbreviation:pr — proboscis; rs — rhynchocoel septa.
Scale bar 0.2 mm.

Puc. 4. llepennsst wacte Cephalothrix cf. spiralis
(Slmonckoe mope).

O6o3HaueHus: pr — X00O0T; I'S — PUHXOLENbHAS CemnTa.
MacmTab 0,2 MM.

contraction of the body when the integuments of
many nemerteans are thrown into small epider-
mal folds — “pseudosegmentation” (after Ko-
rotkevich, 1977). Judging by the absence of

A.V. Chernyshev, T.Yu. Magarlamov

regular transverse elements in the subepidermal
nervous system of the early juvenile stages of Q.
stimpsoni, serial pattern appears in the hoplone-
merteans later in the development.

The ring nerves of C. simula should be
regarded in a different way: they are well devel-
oped, spaced widely apart, and cannot be asso-
ciated with any peculiarities of the body con-
traction. Taking into account the total body
length in this species (up to 20-30 cm), the total
number of these nerves is to be significant.
There are some mentions in the literature of the
ring nerves in the nemertean genus Cephalo-
thrix (Chernyshev,2011; Beckers, Bartolomae-
us,2011") but this is a first thorough description
ofthem. The presence of such metameric nerves
encourages the search for other metameric struc-
tures in the cephalotrichid morphology. The
Cephalotrichidae (erroneous spellings ‘Cepha-
lothricidae’ or ‘Cephalotricidae’) lack either
intestinal diverticula or transverse blood ves-
sels, or any matemeric patterns of arrangement
of the gonads and nephridia. Nevertheless,
Mclntosh (1873-1874) described a series of
septa in the rhynchocoel of living Cephalothrix
linearis (Rathke, 1799), which are distinctly
visible during the contraction of the worms
(Fig.3E). Gerner (1969) revealed similar septa
in the rhynchocoel of Cephalothrix mediterra-
nea Gerner, 1969. We observed the formation
oftemporary septa during the contraction of the
rhynchocoel wall in Cephalothrix cf. spiralis
Coe, 1930 from Peter the Great Bay (Sea of
Japan) (Fig. 4). Other members of the Cephalot-
richidae may also have similar septa they could
be distinguished in histological sections (pers.
observation). Outside Cephalotrichidae, arhyn-
chocoelic septac were described in the heter-
onemerteans Gorgonorhynchus repens Dakin
et Fordham, 1931 and Dendrorhynchus zhan-
Jiangensis Yin et Zeng, 1984 that contracted in
the process of fixation, thus imparting a monil-

! After the present paper had been appproved for
publication, a new work on the nervous system of the arch-
and palaconemerteans appeared (Beckers et al., 2013).
The ring nerves were found only in Cephalothrix filiformis
(Johnston, 1828). In three species, the neurites of the
intraepidermal plexus form a weak metameric pattern (the
authors named it “ladder-like meshwork™).
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iform morphology to the rhynchocoel (Sun,
2006); it should however be considered that
these nemerteans have a branched proboscis
with complicated structure.

Since the rhynchocoel is viewed as a modi-
fied coelomic cavity (Turbeville, Ruppert, 1985),
its metameric structure in fiephalotrichids is
very interesting. The rhynchocoelic metamer-
ism has only been discussed in one group—the
suborder Reptantia, whose representatives have
paired lateral diverticula. Thes structures are
considered to be apomorphic, because they are
not found in other representatives (including
basal members) of the phylum. The metamerism
of the rhynchocoel in the Cephalotrichidae (
which, along with Tubulanidae s.1. and Carino-
midae, represent the most basally branching
clades within the phylum (Andradeetal.,2012))
deserves thorough attention. This group pos-
sesses a complex of unique synapomorphies
(nephridia with terminal mushroom units, the
brain enclosed by longitudinal musculature, sub-
epidermal diagonal musculature, cephalic rhyn-
chocoel vessel—see Chernyshev, 2013), which
allow considering it as a relatively specialized
family among the palaconemerteans. In this
context, an evolutionary evaluation of any
metameric structure found only within a family
or even a genus (as is the case with Neurone-
mertes) in terms of ancestral metamerism can
hardly be valid.

In addition, there is thus far no ground to
associate the metamerism of the nervous sys-
tem and that of the rhynchocoel in the Cepha-
lotrichidae, because the ring nerves are located
behind the mouth and the rhynchocoel septa
are located both behind and in front of the
mouth.

In a previous study (Chernyshev, 2011), we
noted that metameric structures characterize
evolutionarily advanced taxa of nemerteans and,
as a rule, are synapomorphies of these groups.
Thus, the metamerically arranged diverticula of
therhynchocoel are interpreted as a synapomor-
phy of the suborder Reptantia, while the
metameric transverse vessels - as a synapomor-
phy of the clade Tetraophthalmida in the subor-
der Reptantia.
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The best known example of metamerism in
nemerteans is that of the genus Annulonemertes,
which includes one described and two unde-
scribed species of “‘segmented”’ nemerteans (Berg,
1985; Chernyshev, Minichev,2004). Molecular-
phylogenetic analysis (Sundberg, Strand, 2007)
revealed that the metamerism of Annulonemertes
is an apomorphic state that involves only the
epidermis and musculature and, in the opinion of
the authors, cannot be referred to as true segmen-
tation. The metamerism of Annulonemertes is
considered by them as a possible adaptation for
life in the interstitial environment.

Some species of Cephalothrix (namely, C.
mediterranea) also live in the interstitial zone;
however, it is not clear what advantages they
may gain from metamerism. C. simula is a
relatively long nemertean living under the stones,
among the calcerous algae, within the rhizoids
oflaminarians and the roots of seagrasses; hence,
the metamerism of'its nervous system cannot be
explained by the unusual habitat. We can sug-
gest three interpretations of the presence of the
ring nerves in Cephalothrix: (1) synapomorphy
of the Cephalotrichidae or of the entire order
Archinemertea (Cephalotrichidae + Cephalot-
richellidae); (2) an adaptive feature of nemerte-
ans havinga very long body; and (3) plesiomor-
phic state descended from the ancestral group.
In the second and third cases, the findings of
these metameric nerves could also be expected
in other groups of nemerteans. Evidently, the
nervous system of the palaeonemerteans needs
further investigations using the immunocy-
tochemical methods and confocal laser scan-
ning microscopy, because the metameric struc-
tures in these long worms are difficult to reveal
with the traditional methods (serial histological
sections).
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