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SCOPE OF THIS WORK

Sipunculan detailed taxonomy has often been neglected in ecological studies although
some of the species may play an important role in: (a) the destruction of limestone and
coral reefs (b) the agricultural economy (edible species and/or used as bait). In fact, the
larger representatives, belonging to the genera Sipunculus, Siphonosoma, Phascolosoma,
are eaten by inhabitants of China, Japan and the islands of the Indo-Malay Archipelago.
The reason for overlooking the species’ composition so often, must be attributed to the
general lack of taxonomists worldwide. In the case of Sipuncula, which according to recent
revisions comprise about 162 to 163 species and subspecies (CUTLER, 1994; HYLLEBERG,
1994), there are less than 10 specialists all over the world.

This is an attempt to compile existing information on the Mediterranean species recorded
so far, presenting for each species: full synonymy of at least the names used in the
Mediterranean records, full description and distinguishing features with accompanying figu-
res, and illustrations where possible, details on its biotope and its geographic distribution
in the Mediterranean and worldwide.
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ABSTRACT

Keywords: Sipuncula, Mediterranean, Taxonomy, Diversity, Ecology.

The sipunculan diversity in the Mediterranean has been up to now scarce and inaccurate.

This monograph is an effort to compile existing information on the Mediterranean
species recorded so far, reviewing the nomenclature used. Full synonymy, description with
emphasis on distinguishing features, distribution in the Mediterranean and worldwide and
ecology are given for each species. A dichotomic key is included along with illustrations for
each species pinpointing the distinctive characteristics in order to facilitate the
student/researcher in identifying a species.

The produced check list of Mediterranean Sipuncula is presented in taxonomic order
according to the classification scheme of GiBes and CuTLER (1987). This work showed that
the phylum is represented in the Mediterranean by 33 species, belonging to five families
and nine genera whereas only 22 species were reported to occur in the prexisting litera-
ture. Higher species diversity (29 species: 88%) is recorded in the Western basin, whereas
in the eastern basin diversity is reduced to 21 species (64%). Worth noticing is the absence
of endemic Sipuncula in the Mediterranean.

The present work extends the known bathymetric distribution of the species in 9 cases.
This result shows the richness of the Sipuncula in the Mediterranean refering to the world
scale: 33 species out of a total of 162 world species, that is 20% are presented in the
Mediterranean.

The majority of them (39%) has a wide geographic distribution, occuring from tropical to
temperate and boreal zones, while the subtropical component is limited to 15%.
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INTRODUCTION

HISTORY OF THE PHYLUM

Phylum: Annelids, Echinoderms or Molluscs?

The phylum is usually considered to be most closely related to the annelids and mol-
luscs, but there is no clear consensus as to its true sister group. Its resemblance to marine
worms has placed it in various controversial positions in the phylogenetic tree for over four
centuries.

The first descriptions of sipunculans, published by RoNDELET (1555), were those of two
animals: the so-called microrhynchoterous and macrorhynchoterous worms respectively.
Two centuries later LINNAEUS (1766) created the name Sipunculus and called Rondelet’s two
species Sipunculus nudus and S. saccatus, respectively, placing them in the Vermes
Intestina. LamARCK (1816) considered sipunculans to be closely related to holothurians,
and hence, placed them among the Radiaires echinoderms, while DeLLE CHIAJE (1823),
who thought they were annelids, proposed the group name Sifunculacei. The Sipuncula
cannot, however, be placed in the phylum of Annelida because of their total lack of seg-
mentation, both during development and in adult form.

QUATREFAGES (1847) conceived the name of Gephyrea as an intermediate between
echinoderms and annelids and regarded sipunculans as degenerated echiuroids.
Sipunculans were firstly raised to phylum rank by Sebcwick (1898) who called them
Sipunculoidea. Nevertheless, since the concept "Gephyrea" offered an easy way of dis-
posing of three groups of very uncertain affinities, it won wide acceptance between the
1850s and 1950s. However, as later studies demonstrated that there was no close rela-
tionship between them, the name Gephyrea was abandoned following HymaN (1959) who
firmly stated that "the name and concept Gephyrea must be obliterated from zoology".
SCHELTEMA (1993), based on similarities in early development, postulated that sipunculans
and molluscs are sister groups. Sipunculans are currently treated as a distinct phylum
called Sipuncula. The currently accepted spelling of the phylum was proposed by STEPHEN
(1964).

Although the evidence is not totally conclusive, there is a consensus that there was an
ancestral form common to the sipunculans, annelids and molluscs in existence by the ear-
liest Paleozoic Period. From this point there are three possibilities, each supported by some
part of the data:

* the annelids separated from an ancestor that later gave rise to the sipunculans and mol-
luscs

* the molluscan stock diverged first, followed by the sipunculan-annelid separation

* the sipunculans diverged from a stock that subsequently became the common ancestor to the
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molluscs and annelids.
The first model, supported by the paleontological, biochemical and embryological data
appears to be the most probable one (CUTLER, 1994).

Evolution: Evidence of Fossil Records

We have no definitive fossil sipunculan or any fossil that is an acceptable ancestor
(Morris, 1985). However, the similarity of fossil burrows and borings to those made by
modern sipunculans suggests that sipunculans were present from the mid-Paleozoic
Period.

The sipunculan origin of ancient burrows is supported by recent evidence that
Quaternary deep sea burrows along the northwest African and Norwegian continental
slopes were made by sipunculans belonging to the genus Nephasoma. The fossil burrows
were most common in claystones but also present in sandstone formations. There are a
few thin deep-water members of the genus Nephasoma that could have constructed bur-
rows with these dimensions. Other possible sipunculan burrows include holes in Miocene
deposits at depths of 1000-3000m off New Zealand (HAYWARD, 1976).

Coral assemblages containing sipunculans borings are known from Upper Jurassic,
Miocene, Pliocene, and Pleistocene times (HymaN, 1959; PISERA, 1987). ROGER (1952) men-
tioned the finding of fossil madreporarian corals from the Miocene and Plio-Pleistocene of
the Indo-Malay region and of tabulate corals from the middle Devonian of Europe that have
basal deformities similar to those produced at present by Aspidosiphon and plausibly
ascribable to sipunculans. Many fossils of the Devonian tabulate coral Pleurodictyum con-
tain overgrown gastropod shells, most of which were occupied by a secondary resident,
possibly a sipunculan like the modern Aspidosiphon (BRetT & COTTRELL, 1982). Solitary
corals with sipunculan symbionts are known from the Upper Cretaceous and the Miocene
times. The sipunculan is clearly an Aspidosiphon, probably A. muelleri.

In conclusion, despite the lack of direct evidence, existing data support the following
points:

1) Sipunculans were living in soft-bottom burrows at least by the mid-Paleozoic Period

(Devonian) and probably earlier (Cambrian) and

2) Some sipunculans have lived in association with corals since mid-Paleozoic times and

throughout the Mesozoic and Cenozoic times.

The Sipuncula thus seem to be an ancient taxon with an unknown history of divergence
and retrenchment. It is a group that underwent early but conservative cladogenesis, and its
members occupied diverse niches early in its history (hard/soft, shallow/deep, warm/cold)
and persist in these niches at the present time.

THE SIPUNCULAN ECOLOGY
Habitat

Sipunculans are exclusively marine benthonic animals. They appear very adaptable to a range
of temperatures and depths, living from the intertidal zone to considerable depths (extending into
ultra-abyssal waters to a depth of 7000m: MurINA, 1973). Very few species are restricted to cold
water deeper than 3000m, some live only in warm water less than 10m deep, and a few are found
between 10 and 4000m over a wide range of temperatures (CutLER & CuUTLER, 1987b). With
regard to salinity, they are absent from brackish waters. They lead a sedentary existence, in bur-
rows in sandy, muddy, silty, gravelly, or shelly bottoms, in clefts and interstices of rocks and in
porous lava. They occur in the holdfast tangles of kelp, under beds of eelgrass and other vege-
tation, among coralline algae, under rocks, among corals, especially in cavities in rotting coral
rocks or under slabs of decaying coral, in sponges, in empty shells and tubes of other animals,
and in almost any protected situation (Plate ).
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Some species live in clean, coarse sand (e.g. Siphonosoma cumanense) while others
live only a few meters away in finer sand with more silt or clay (E. CuTLER, 1965). According
to HymaN (1959), in general sipunculans avoid pure sand, no doubt because of its paucity
of nutritional material.

Behaviour

Several species bore into coral. Many of the boring species have an anterior shield -like
operculum- that plugs the opening of the hole and protects against predation and desic-
cation. Those that burrow in sand or mud secrete mucus to line the hole, but they produce
no permanent tube-making material. The burrows do retain their integrity fairly well as seen
in 50-cm burrows recovered in box cores from depths of 1200-2000m in Norwegian waters
(RomERO & WETZEL, 1987).

Most species have a limited ability to move outside the substratum, but they can move
into or through the sediment quite quickly by extruding the introvert, expanding and
anchoring its tip, and contracting the longitudinal muscles (not the retractors) if the sub-
stratum is suitable. When mechanically disturbed, a sipunculan quickly withdraws the intro-
vert and contracts the body. The stronger and more continuous the stimulation, the
stronger and longer the contraction of the body.

Ecological Significance

In both recent and fossil coral reefs, sipunculans were determined to be the most impor-
tant bioeroders (KLEIN et al., 1991).

Although sipunculans have not been used as specific indicator species of environmen-
tal deterioration, they have been often included in impact studies. For example in assess-
ing effects of pollution in Belfast Harbour (PARKER, 1980), or pollution caused by tin mining
in Thailand (HyLLEBERG & NATEEWATHANA, 1983). The disappearance of sipunculan species
from heavily polluted areas has been documented for a few species such as the case of
Phascolion strombus from Narragansett Bay, Rhode Island (E. CuTLER, 1973), probably due
to human activities. However, sipunculans may also appear as opportunistic species,
occurring in high abundance at disturbed to polluted areas (LEwBEL, 1985).

In conclusion, the phylum’s sensitivity to environmental changes must be investigated in
future. Faunal shifts do occur naturally, and it is not always easy to assign the proper cause
when faunal changes are observed over time.

Zoogeographical distribution

Sipunculans inhabit all seas except extremely brackish areas and are found at all lati-
tudes. Because of their tolerance to a range of temperatures and depths they have a wide
geographic distribution. Moreover, as they are capable of dispersing their planktonic larvae
over hundreds or thousands of kilometers fairly quickly, it is possible for sipunculans to be
distributed over large areas. This makes the zoogeographical boundaries of a species
range difficult to define and delimit (SCHELTEMA & RICE, 1990).

The group undoubtedly centres in warmer waters where the great majority of species are
found. Despite the preference of sipunculans for warm waters, arctic and boreal zones sup-
port many members of the group, with the usual southward spread along the continental
coasts. The most notable representative in terms of geographic distribution is Sipunculus
nudus, which is practically cosmopolitan but is lacking in polar waters. According to a review
work by MurINA (1970) it is inferred that the highest species diversity is found in the Indo-
West Pacific and particularly in the water of the Indo-Malay Archipelago. Thus, these regions
are regarded as the main centre of origin and development of Sipuncula.
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TAXONOMY AND CHARACTERS OF THE PHYLUM

SYSTEMATICS OF THE PHYLUM

As a result of its confused classification, until the 70‘s intermediate taxa (orders and
classes) had not been developed for Sipuncula. STEPHEN & EDMONDS (1972) were the first
to erect four families that are widely used to date. Since the 80's, efforts have been made
to more adequately describe certain genera, establish new families and design key to the
sipunculan genera. CuTLER & GiBBS (1985) applied some evolutionary, phenetic, phyloge-
netic methodologies in a cladistic analysis which resulted in grouping 17 genera into six
families, four orders and two classes. This classification, which was subsequently better
documented and adopted by Giees & CuTLER (1987), came to replace the earlier one of
STEPHEN & EDMONDS (1972).

The diagnostic characters of the families are reviewed in GiBBs & CuTLER (1987).
According to their work two classes namely Phascolosomatidea and Sipunculidea are pro-
posed. It is this classification which was further completed (CuTLER, 1994) that is followed
in our work.

THE SIPUNCULAN MORPHOLOGY
General characteristics

The Sipuncula are unsegmented wormlike animals comprising two sections namely the
trunk (main body) and an introvert, an extending and contracting neck-like "feeler" which
is rapidly run in and out and can be completely invaginated into the trunk by means of
strong retractor muscles (Fig.1, Plate II).

The posterior part (trunk) is fatter than the anterior (introvert) whose mouth is generally
encircled by tentacular outgrowths (tentacles). A ciliated chemoreceptor organ (nuchal
organ) is located on the dorsal margin of the oral disk of most species.

The relative lengths of introvert and trunk vary greatly in different genera and species.
The adult trunk ranges in length from 1-83mm (Nephasoma diaphanes diaphanes,
Onchnesoma steenstrupii steenstrupii) to more than 500-600mm (Sipunculus nudus,
Golfingia margaritacea) but commonly 15-30mm. The trunk may be flask shaped, cylindri-
cal, fusiform, threadlike, oviform, sacklike and so on. Its posterior part is oval or fusiform
in numerous species of Golfingia (Fig.1).

The introvert may be much shorter than the trunk as in the genus Sipunculus, about the
length of the trunk as in most species, or even exceed the trunk length as in some species
of the genera Phascolion, Aspidosiphon and Onchnesoma.

When the introvert is fully extended the mouth is seen in the center of the anterior tip,
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Fig.1: Different Sipuncula shapes and characteristics.
a: anus, t: tentacles, tr: trunk, i: introvert, m: mouth, od: oral disk.

which may be termed oral disk. The mouth leads into an esophagus, followed by a long
recurved intestine, which hangs in the coelom. A conspicuous anus is situated in the mid-
dorsal line anteriorly, on the trunk or the introvert.

The shape of some animals may be molded by the microhabitat in which they live for
example burrows, crevices and especially empty shells of Gastropoda and Scaphopoda,
tests of Foraminifera, polychaete tubes and so on.

Colour: The body colour, rather dull, depends on the type of substratum that the animals
inhabit, as well as on the intestinal content (filled with soil) or on the mass of reproductive
products, which are reflected through the transparent body skin and wall of the gut. It varies
from white, yellow, greyish and red-brown to black. The tentacles are more colourful, hav-
ing yellow, white, pink, violet or green colour.
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Fig. 2: External characteristics and internal features of a sipunculan.

a) cm: circular muscle, Im: longitudinal muscle, a: anus, np: nephridiopores, tp: triangular papillae,
t: tentacles, m: mouth.

b) h: hooks from various genera, pp: papillae, hp: holdfast papillae, mp: mammiform papillae.

c) as: anal shield, i: introvert, tr: trunk, cs: caudal shield.

d) h: hooks, nc: nerve cord, cv: contractile vessel, ms: mesentery, n: nephridium, dr: dorsal retrac-
tor, o: oesophagus, sm: spindle muscle, a: anus, w: wing muscle, ¢: caecum, f: fastening muscle,
vr: ventral retractor, g: gonad, in: intestine.

External features: The entire surface is usually covered by skin formations called papillae,
spines, hooks, holdfast papillae or just skin bodies (Fig. 2a,b). These may be scattered
or arranged regionally. In the genera of Aspidosiphon the anterior end of the trunk is armed
with a shield (Fig. 2c). The presence of shields in sipunculans seems to be associated with
life in dead coral rock. In the genus Phascolion, which habitually dwells in the empty shells
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