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Abstract.—A new polychaete, Pileolaria aurita new species, of the family
Spirorbidae from the Pacific coast of Honshu, Japan is described. This
species clearly differs from all other species of Pileolaria Claparede, 1868 in
the morphology of the brood chamber, which bears distally two cone-
shaped projections resembling cat ears. Besides, it is the only species of
Pileolaria with collar chaetae that lack cross-striation. Worms were found at
depths of 20-22 m attached to empty oyster shells directly or to bryozoans
covering those shells. The shells were collected from sandy bottoms below
artificial reefs constructed for recreational scuba diving.
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Traditionally, the family Serpulidae is
divided into three subfamilies: Spirorbi-
nae, Serpulinae, and Filograninae (e.g.,
Rioja 1923, Fauvel 1927). Pillai (1970)
elevated the Spirorbinae to the family
status. Later, a number of authors (e.g.,
ten Hove 1984, Smith 1991, Kupriyanova
2003, Kupriyanova et al. 2006), based on
the results of cladistic analyses of mor-
phological and molecular data sets, con-
cluded that spirorbins are monophyletic
and nested inside Serpulidae. Kupriya-
nova (2003) states that Spirorbinae is a
sister group to Serpulinae; however, the
results of analyses of both molecular
(Lehrke et al. 2007, Kupriyanova et al.
2009) and combined morphological and
molecular data sets (Kupriyanova et al.
2006) indicate that neither Serpulinae nor
Filograninae are monophyletic and that
Spirorbinae is a sister group to a clade
containing mostly “filogranins’ and some
“serpulins.” Nevertheless, an elaborated
taxonomic system below the family level
in the Spirorbidae needs to be revised if
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the rank of the group is to be lowered to
the subfamily and such a revision is
clearly out of the scope of this paper.
Therefore, for the time being, we main-
tain family Spirorbidae for practical
reasons.

Pileolaria Claparede, 1868 is the largest
spirorbid genus (about 20 species) be-
longing to the subfamily Pileolariinae
Knight-Jones, 1978. The representatives
of this subfamily incubate embryos within
a cup formed by invagination of the
opercular ampula. Genera Pileolaria and
Simplaria Knight-Jones, 1978 have com-
pletely closed brood chambers without
soft-walled sacs; their primary opercula
are not fused with the mature brood
chambers and usually detach after the
chamber is completely formed. Species of
Pileolaria have sickle chaetae at third
thoracic chaetigers and thus, differ from
species of the morphologically similar
genus Simplaria that lacks sickle chaetae
at the third thoracic chaetiger.

A previously undescribed species of
Pileolaria (Polychaeta: Spirorbidae: Pi-
leolariinac) was found in the material
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collected from off the Pacific coast of
Honshu, Japan. This species is described
below as a new species, Pileolaria
aurita.

Materials and Methods

The material was collected using SCU-
BA by the authors during a short field
trip in October 2000. Specimens were
fixed in 4% formalin and preserved and
stored in 70% ethanol; their chaetal
structure and distribution were studied
on temporal glycerin slides. The body of
one specimen without an operculum
(stored separately) was mounted in poly-
vinyl-lactophenol (PVLP).

The holotype is deposited in the Zoo-
logical Institute of the Russian Academy
of Science, St. Petersburg, Russia (ZISP).
Paratypes are deposited in the ZISP;
Kitakyushu Museum of Natural History
& Human History, Kitakyushu, Fu-
kuoka, Japan (KMNH); Natural History
Museum and Institute, Chiba, Chiba,
Japan (CBM); Benthic Invertebrate Col-
lection of Scripps Institution of Oceanog-
raphy, University of California, San
Diego, U.S.A. (SIO); Natural History
Museum, London, UK (NHML); Aus-
tralian Museum, Sydney, Australia (AM),
and private collection of Alexander V.
Rzhavsky stored in A. N. Severtsov
Institute of Ecology and Evolution, Rus-
sian Academy of Sciences, Moscow
(IEE).

Family Spirorbidae Pillai, 1970

Tube calcareous, spirally coiled dex-
trally or sinistrally; body asymmetrical,
abdomen turned over thorax 90 degrees
in achaetigerous zone between thorax and
abdomen; thorax adjoins to substratum
dorsally; 3-5(7?) thoracic chaetigers; col-
lar chaetae simple or with special fin-and-
blade chaetae; sickle chaetae sometimes
present in 3-5 thoracic chaetigers; ab-
dominal chaetae flat geniculate; embryos
incubated in tube or in opercular brood
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chamber; larvae lecithotrophic, pelagic
stage brief or absent.

Subfamily Pileolariinae Knight-Jones,
1978

Type genus.— Pileolaria Claparéde, 1868

Embryos within chamber (or cup)
formed by invagination of opercular
ampulla and sometimes used for more
than one brood. With two types of adult
opercula: one only distal plate with talon
and another brooding chamber of various
structure. Larvae with single white at-
tachment gland. Thoracic uncini narrow,
with 1-3 longitudinal rows of teeth and
blunt anterior peg. Abdominal uncini
distributed symmetrically. Largest ab-
dominal tori located in anterior or
posterior half of abdomen. Abdominal
chaectae flat geniculate, pennant-shaped,
usually with thick (optically dense) pro-
jecting heel; blade length usually some-
what shorter than that of largest collar
chaetae, width decreases regularly toward

tp.

Genus Pileolaria Claparede, 1868

Type species.—Pileolaria militaris Cla-
parede, 1868

Talon of distal plate generally small
and slightly eccentric, but not peripheral;
distal plate shed during brood chamber
development; brood chamber deeply in-
vaginated sac totally enclosing embryos,
except for pore capable of opening and
closing; lining of brood chamber forming
calcified dome distally, but not calcified
proximally or on side bearing pore;
opercular peduncle inserted between first
and second radioles on left side, so that
non-calcified part of chamber near center
of branchial crown; tubes always sinistral;
collar and thoracic membrane margins
not fused dorsally; special collar chaetae
with basal fins and blades that bear
marginal serration and usually distinct
cross-striation; sickle chaetae present in
third thoracic fascicles; 3 thoracic chaeti-
gers.
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Pileolaria aurita, new species
Fig. 1

Material examined.—Holotype. Body
without tube in ethanol. Operculum with
embryos in brood chamber detached from
body, in same vial (ZISP 1/50575),
35°09'36"N, 139°08'46"E (diving spot
“Rock Triangle,” off Iwa, Manazuru
Peninsula, Sagami Bay, Honshu, Japan),
18 Oct 2000, depth 20-22 m, on empty
oyster shell, coll. A. V. Rzhavsky & E.
Nishi.

Paratypes.—5 specimens in ethanol
(ZISP 2/50576); 2 specimens in ethanol
(KMNH, IvR 500.494, 500.495) and 3
specimens in ethanol (CBM-ZW 1029,
1030, 1031) (Japan); 5 specimens in
ethanol (SIO A1915); 5 specimens in
ethanol (NHML 2010.223-2010.227); 2
specimens in ethanol (AM W.36830); 5
specimens in ethanol and one whole
mount of body on slide, detached oper-
culum in ethanol (IEE 1/2748, 2/2749,
2a/2749). Same location as holotype.

Description—Tube (Fig. 1A) chalky
white sinistrally coiled, up to 2 mm in
whorl diameter; coiling initially in one
plain, tight and steep-sided, but distal
whorl often overlaps previous one, mouth
ascending and often facing upward from
substratum; with 1-3 (often 2) distinct
longitudinal ridges, high or low. When
median ridge absent, tube almost qua-
drangular in cross-section. Tube surface
between these two ridges usually only
slightly convex or almost flat. Sometimes
only one outer ridge present.

Specimens with primary opercula ab-
sent in material. Domed distal part of
brood chamber and its lateral walls from
side opposite branchial crown calcified.
Two distal cone-shaped projections locat-
ed symmetrically outside of branchial
crown and resembling cat ears. Projec-
tions divided by V-shaped gap. Laterally
from top of ear-shaped projections
two seams continuing up to lower border
of calcified zone where small gaps
with rounded edges present (Fig. 1B, C).

Some brood chambers with about 10
embryos.

Collar and thoracic membrane with
free dorsal margins. Preserved specimens
uncolored or flesh-colored. Crystalline
patches not observed. First chactal fasci-
cles each with 4-7 collar chaetae
(Fig. 1D); special chaetae bent fin-and-
blade, with finely serrated blade without
cross-striation and well-defined gap be-
tween fin and blade; some capillary
chaetae (Fig. 1E) also present in first
fascicle. Chaetae of second and third
thoracic chaetigers simple (Fig. 1F) and
sickle chaetae (Fig. 1G) with coarsely
serrated blades and smooth basal parts
also present in third fascicle. Serrated part
of sickle chaetae approximately 3—4 times
longer than smooth basal part. Two
thoracic tori on each side of body.
Thoracic uncini (Fig. 1H, J) with blunt
anterior pegs and 1-2 longitudinal rows
of teeth. Size of individual uncini in each
torus significantly decreasing away from
notochaetae. Smallest thoracic uncini of
same length as abdominal uncini, largest
about 3 times longer. About 12-17
abdominal chaetigers. Two abdominal
chaetae (Fig. 1K) per fascicle throughout
length of abdomen. Some anterior ab-
dominal chaetigers bearing three chaetae
and posterior only one. These flat genic-
ulate, with ‘“knee” projecting beyond
shaft and distinctly serrated tapering
blade; blade length shorter than blades
of smallest collar chaetae. Hooked capil-
lary chaetae not observed in specimens
examined by compound microscopy. Ab-
dominal uncini (Fig. IL) with blunt
anterior peg and numerous longitudinal
rows of teeth, distribution fairly symmet-
rical on both sides of body. Largest tori in
middle-posterior part of abdomen.

Differential diagnosis and remarks.—
The new species differs from all Pileolaria
in having two symmetrical projections on
the distal part of the brood chamber and
two lateral seams. Many species of the
genus bear projections on the distal part
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Pileolaria aurita. A. Tube, paratype, scanning electron micrograph (paratype series IEE 1/2748).
B, C. Brood chamber without embryos, lateral and dorso-lateral views, paratype (paratype series IEE 1/
2748). D-H, J, L. Chaetae, holotype. D. Fin-and-blade collar chaeta. E. Companion capillary chaeta from
first chaetiger. F. Simple chaeta from second and third chaetigers. G. Sickle chaeta from third chaetiger. H.

Largest thoracic uncinus chaetae. J. Smallest thoracic uncinus. K. Flat geniculate abdominal chaeta. L.
Abdominal uncinus. Scales: A = 0.5 mm; B, C = 0.3 mm; D-H, J, L = 0.02 mm.
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of the brood chamber, but these projec-
tions are either in the shape of numerous
spines, as, for example, in Pileolaria
spinifer Knight-Jones, 1978, Pileolaria
tiarata Knight-Jones, 1978 (Knight-Jones
1978: Figs. 9D, E, 10D-G), or only one
spine like in Pileolaria heteropoma (Zi-
browius 1968) (Zibrowius 1968: pl. 11,
Figs. 20, 21; Bianchi 1981: Fig. 58C).
Projections of brood chamber in Pileo-
laria lateralis Knight-Jones, 1978 are in
the form of 1-5 randomly placed spines
(Knight-Jones 1978: Figs. 7TE-G). Projec-
tions of the shape similar to those of P.
aurita may be present in Pileolaria ex gr.
berkeleyana (Rioja 1942) but these, if
present, are arranged in lateral rows
(Knight-Jones et al. 1979: Fig. SA (d)).
Lateral seams on the calcified zone of the
brood chamber are unknown for any
other Pileolariinae.

Many Pileolaria have large crystalline
patches (one, two, or numerous) on the
dorsal side of the achaetous zone sepa-
rating the thorax and the abdomen,
usually of different shades of red and
sometimes species-specific. As a rule,
these patches are well visible in preserved
material even after a long storage, though
sometimes they may change their color, as
in, for example, Pileolaria militaris Cla-
paréde, 1868 (Knight-Jones et al. 1979).
Sometimes color may disappear as a
result of preservation, which has been
noted by Knight-Jones & Knight-Jones
(1977) for P. heteropoma and occasionally
for P. ex gr. berkeleyana (pers. obs.). So it
is not clear whether the lack of crystalline
patches is a characteristic feature of the
new species or a result of color fading
after a long preservation.

Absence of cross-striation in collar
chaetae is atypical for the genus, which
clearly distinguishes the new species from
all other Pileolaria. The cross-striation
has not been described for P. heteropoma
by Zibrowius (1968) and is absent in his
figures, but Harris (1968) and Bailey
(1969) suggest that cross-striation is

distinct in P. heteropoma. Nevertheless,
Knight-Jones & Knight-Jones (1977) re-
ported that P. heteropoma has a weak
cross-striation of the collar chaetae
blades.

Only two other species of Pileolaria, P.
militaris and P. ex gr. berkeleyana (as
Laeospira rosepigmentata Uchida 1971)
are known from Japanese waters (Uchida
1971, 1978). These species clearly differ
from P. aurita by the morphology of
brood chambers, distinct cross-striation
of collar chaetae, and, probably, by the
presence of the crystalline patches. Pileo-
laria ex gr. berkeleyana is one of the
widely distributed species (or likely spe-
cies-complexes) known world-wide from
the Arctic to the Antarctic. Some authors
(e.g., Knight-Jones et al. 1975, Zibrowius
& Bianchi 1981, Thorp et al. 1986)
suggest that this species invaded in the
northeastern Atlantic from Japan and
established dense populations in the
Mediterranean Sea and off the British
coasts only in the 1970s of the last
century. The species is found at the depths
down to 256 m on various substrata such
as stones, shells, serpulid tubes, Sargas-
sum, and coralline algae. Pileolaria mili-
taris is a widely distributed species on the
shoals in the warm and temperate waters
where it settles on various algae, stones,
and shells.

Another Japanese species of the genus
Simplaria that is morphologically similar
to Pileolaria also differs from P. aurita by
its brood chamber morphology, distinct
cross-striation of collar chaetae, and,
additionally, by absence of sickle chaetae
in the third thoracic chaetiger. Similar to
P. militaris, this species also is widespread
in shallow waters of (sub)tropical and
temperate seas and attaches to stones and
shells.

Etymology.—The species name origi-
nated from the Latin word “aurita,”
which means ‘“‘eared,” because of the
two characteristic projections of the
brood chamber similar to cat ears.
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Ecology.—Worms were found at
depths of 20-22 m on empty oyster shells
and sometimes on bryozoans covering
those shells. The shells were collected
from sandy bottoms below artificial reefs
constructed for recreational scuba diving.
Most likely the oyster shells had fallen to
the bottom from these artificial construc-
tions. No other spirorbid species were
observed in the association with this
species.

Distribution.—off Iwa, Manazuru Pen-
insula, Sagami Bay, Honshu, Japan. Not
known elsewhere.

Acknowledgments

This study was supported by Yoko-
hama National University grant to AVR
in 2000, Japan Society for the Promotion
of Science Invitation Fellowship (JSPS No.
S42300038) and KAKENHI (20008766)
grant to E. K. Kupriyanova, JSPS Short-
Term Fellowship to AVR, and KA-
KENHI (22510100) grant to EN. We
thank E. K. Kupriyanova for help with
the English and critical remarks.

Literature Cited

Bailey, J. H. 1969. Spirorbinae (Polychaeta:Serpuli-
dae) from Chios (Aegean Sea).—Zoological
Journal of the Linnean Society 48:363-385.

Bianchi, C. N. 1981. Guide per il riconoscimento
delle specie animali delle acque lagunari e
costiere italianie 5. Policheti Serpuloidei.
Consiglio Nazionale delle Ricerche, Genova,
190 pp + 66 figs.

Claparéde, E. R. 1868. Les annélides chétopodes du
Golfe de Naples.—Meémoires de la Société de
Physique et d’Histoire naturelle de Geneve
19:313-584.

Fauvel, P. 1927. Faune de France, 16: Polychetes
sédentaires. Paul Lechavalier, Paris, 494 pp.

Harris, T. 1968. Spirorbis species (Polychaeta:
Serpulidae) from the Bay of Naples with the
description of a new species.—Pubblicazioni
della Stazione Zoologica di Napoli 36:
188-207.

Knight-Jones, P. 1978. New Spirorbidae (Poly-
chaeta: Sedentaria) from the East Pacific,
Adantic, Indian and Southern Oceans.—

75

Zoological Journal of the Linnean Society

64:201-240.

, & E. W. Knight-Jones. 1977. Taxonomy
and ecology of British Spirorbidae (Poly-
chaeta).—Journal of the Marine Biological
Association of the United Kingdom 57:
453-499.

_ , & R. P. Dales. 1979. Spirorbidae
(Polychaeta: Sedentaria) from Alaska to
Panama.—Journal of Zoology 189:419-458.

. , C. H. Thorp, & P. W. G. Gray.
1975. Immigrant spirorbids (Polychaeta: Se-
dentaria) on the Japanese Sargassum at
Portsmouth, England.—Zoologica Scripta
4:145-149.

Kupriyanova, E. K. 2003. Live history evolution in
Serpulimorph polychaetes: a phylogenetic
analysis. Pp. 105-114 in E. Sigvaldadoéttir,
et al., eds., Advances in polychaete research.
Hydrobiologia 496. Kluwer Academic Pub-
lishers, The Netherlands.

, T. A. Macdonald, & G. W. Rouse. 2006.

Phylogenetic relationships within Serpulidae

(Sabellida, Annelida) inferred from molecular

and morphological data.—Zoologica Scripta

35:421-4309.

, H. A. ten Hove, B. Sket, V. Zaksek, P.
Trontelj, & G. W. Rouse. 2009. Evolution of
the unique freshwater cave-dwelling tube
worm Marifugia cavatica (Annelida: Serpuli-
dae).—Systematics and Biodiversity 7:389—
401.

Lehrke, J., H. A. ten Hove, T. A. Macdonald, T.
Bartolomaeus, & C. Bleidorn. 2007. Phyloge-
netic relationships of Serpulidae (Annelida:
Polychaeta) based on 18S rDNA sequence
data, and implications for opercular evolu-

tion.—Organisms Diversity & Evolution
7:195-206.
Pillai, T. G. 1970. Studies on a collection of

spirorbids from Ceylon, together with a
critical review and revision of spirorbid
systematics, and an account of their phylog-
eny and zoogeography.—Ceylon Journal of
Science (Biological Science) 8:100—172.

Rioja, E. 1923. Estudio sistematico de las especies
Ibéricas del suborden Sabelliformia.—Traba-
jos del Museo Nacional de Ciencias Naturales
Serie Zoologica 48:1-144.

. 1942, Estudios anelidologicos V. Observa-
ciones acerca de algunas especies del género
Spirorbis Daudin, de las costas mexicanas del
Pacifico.—Anales del Instituto de Biologia
Nacional Auténoma Universidad de México
13:137-153.

Smith, R. S. 1991. Relationships within the Order
Sabellida (Polychaeta). Pp. 249-260 in M. E.
Petersen and J. B. Kirkegaard, eds., System-
atics, Biology and Morphology of World



76 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Polychaeta. Proceedings of the Second Inter-
national Polychaete Conference, Copenha-
gen, Denmark, August 18-23, 1986.—Ophe-
lia Supplement 5.

ten Hove, H. A. 1984. Towards a phylogeny in
serpulids (Annelida; Polychaeta). Pp. 181-196
in P. A. Hutchings, ed., Proceedings of the
First International Polychaete Conference,
Sydney, Australia, 1983. The Linnean Society
of New South Wales, Sydney.

Thorp, C. H., P. Knight-Jones, & E. W. Knight-
Jones. 1986. New records of tubeworms
established in British harbors.—Journal of
the Marine Biological Association of the
United Kingdom 66:881-888.

Uchida, H. 1971. Spirorbinae (Polychaeta, Serpuli-
dae) from Hokkaido II.—Journal of the
Faculty of Science Hokkaido University,
Series 6, Zoology 18(1):193-226.

. 1978. Serpulid tube worms (Polychacta,

Sedentaria) from Japan with the systematic

review of the group.—Bulletin of the Sabiura
Marine Park Research Station, Kushimoto
2:1-98.

Zibrowius, H. 1968. Etude morphologique, systéma-
tique et écologique des Serpulidae (Annelida
Polychaeta) de la région de Marseille.—
Recueil des Travaux de la Station marine
d’Endoume, Faculté des sciences de Marseille
43(59):81-252.

, & C. N. Bianchi. 1981. Spirorbis marioni et

Pileolaria berkeleyana, Spirorbidae exotiques

dans les ports de la Mediterranée nord-

ocidentale.—Rapports et proces-verbaux des
réunions, Commission internationale pour

I’Exploration scientifique de la mer Méditer-

ranée, Monaco 27(2):163-164.

Associate Editor: Rick Hochberg.



