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Observations. Colonies of anthozoans are clonal
groups of organisms which are physically connected to
each other (Fautin 1999). The exclusively solitary
growth of sea anemones is well established and has
been assumed both in major reference works (Dunn
1982, Shick 1991, Fautin 1999) and in research papers
(Francis 1988, Grasshoff & Gudo 1998, Won et al. 2001,
Daly et al. 2002). Herein we present a first report on a
colonial sea anemone and briefly discuss the implications of this discovery.
During a 1 yr research project in 1994–1995 and
3 further expeditions to Chile in 1997–1998, 1999–
2000 and 2001, we observed specimens of Cereus
herpetodes from the intertidal zone down to depths of
22 m. We found very few solitary individuals. Instead,
the anemones form band-like colonies within their
entire range of distribution from Arica (18° 30’ S,
70° 19’ W) to Bahia Tic Toc (43° 42’ S, 73° 00’ W). Flat,
irregular, patch-like colonies are restricted to sites subjected to extreme currents; e.g. near Pingueral
(36° 32’ S, 72° 55’ W), where clusters of colonies locally
cover up to 50% of rocky surfaces (Fig. 1A). The
largest band-like colonies of C. herpetodes range up to

35 cm in length, and patch-like colonies are up to 17 ×
14 cm in area and 2 cm tall, with more than 150 mouth
openings of different sizes.
Histological sections revealed that multiple mouth
openings (Fig. 1B) result from repeated longitudinal
fission through the pharynxes; fission proceeds in a
proximal to distal direction. The resulting pharynxes
are occasionally of similar size, but more often differ
substantially (Fig. 1B,C). We observed extremely small
pharynxes <1 mm in diameter which were connected
to only 2 mesenteries and originated from a pharynx
40 times larger in diameter. Pharyngeal fission occurs
either between pairs or within pairs of perfect mesenteries (Fig. 1C). After fission of the pharynx is complete, additional mesenteries are inserted and the
2 pharynxes grow slightly apart.
The gastric cavities of the resulting zooids communicate through channels distal to the joint pedal disc.
Estimating from their size in preserved specimens,
the channels seem too small to allow the passage of
larger food particles; however, these openings are
large enough to allow the exchange of gastrocoelic
fluid. In addition, compared to actiniarians in general,
the mesenteries have exceptionally large marginal
stomata that facilitate fluid exchange within the
colony.
The mode of incomplete fission of polyps in Cereus
herpetodes leads to flabello-meandroid colonies
(Fig. 1C). It constitutes a mode of colonial growth hitherto known only from stony corals that is described as
‘polystomodaeal intramural intratentacular budding’
(e.g. genus Euphyllia; Fig. 1D). There is no indication
that solitary polyps result from these divisions, but
whole polystomodaeal portions of the colonies with
independent tentacular crowns seem to separate as a
form of asexual proliferation. In several of the colonies
examined, most of the zooids had reproductive tissue.
This indicates that the polystomodaeal colony is a permanent condition in C. herpetodes, and that colonies of
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ABSTRACT: Sea anemones, a conspicuous group of marine
benthic invertebrates, are considered to be strictly solitary
animals. This is in contrast to almost all other orders of the
class Anthozoa, which have colony-forming members, the
best known examples being reef-building corals. Here we
show that the sagartiid sea anemone Cereus herpetodes
(McMurrich, 1904) from Chile forms flabello-meandroid
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upon the debated evolution of Anthozoa and the principles of
colony formation within this group.
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Fig. 1. Colonial sea anemone Cereus herpetodes (A–C) compared with stony coral Euphyllia sp. (D). (A to C) C. herpetodes.
(A) Clusters of colonies (Pingueral site, colony at 5 m depth) locally cover up to 50% of rocky surfaces. (B) Small colony with 3
tentacular crowns on a common pedal disc; stomodaea marked by white peristomes (aquarium colony). (C) Schematic drawing of
cross-section through small colony; black outline: body wall; dark grey areas: pharynxes with siphonoglyphs (black spots); radial
lines: perfect and (larger) imperfect mesenteries; dotted lines: oral opening of pharynx in fission. (D) Euphyllia sp. Part of flabellomeandroid colony (photo M. Grasshoff)

this species can be classified as polycentric (Wells &
Hill 1956).
Discussion. A gradual transition from solitary individuals with a single mouth to colonies with many
mouths can be seen within the coral family Fungiidae
(Veron 2000). We agree with Rosen’s (1986) conclusion
that scleractinian mouths are homologous, whether
they are produced by extratentacular or by intratentac-

ular budding. Therefore, each mouth defines a conceptual zooid which according to the taxon is more or less
modified, or more or less arrested in its development,
and which is sometimes polymorphic (Rosen 1986).
Some authors (Wells 1971) prefer to describe the result
of intratentacular budding as a polystomodaeal individual. Nevertheless, corals, which regularly exhibit
a high number of mouth openings, are generally re-
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garded as colonial (see Rosen 1986, Veron 2000). The
morphological prerequisites for Rosen’s (1986) interpretation of coloniality are also present in sea anemones. Therefore his conclusions can be applied to sea
anemones without further modifications. Sea anemones were considered to be unable to surpass the
clearly defined solitary level, with the exception of
temporary states during fission and the results of
injury. This contradicts findings for Cereus herpetodes.
Specimens of Cereus herpetodes examined by previous authors were observed to have more than 1 oral
opening (up to 3: Carlgren 1959; up to 3 large and
9 small: McMurrich 1904; for photographs of type specimens and original drawings see http://hercules.kgs.
edu/hexacoral/anemone2/index.cfm), but these authors
seemed to be unaware of the fact that they were dealing
with colonies. Due probably to the small numbers and
sizes of specimens examined, and the lack of in situ or
in vivo observations, polystomodaeal specimens of C.
herpetodes were previously interpreted as being ‘in
imperfect division’ (Carlgren 1959) or ‘only a stage in a
complete division’ (McMurrich 1904).
Coloniality in Cereus herpetodes is a unique feature
not shared by the only other species in this genus,
C. pedunculatus (Pennant, 1777) from the northern
hemisphere. In corals, the mode of budding is usually
a generic character. Therefore, in the future, it may
be necessary to erect a new genus for the species
C. herpetodes.
Shick (1991) posed the question ‘Why aren’t there
any colonial sea anemones?’. He then summarized biomechanical and ecological theories to explain the solitary growth of sea anemones. Francis (1988) and Shick
(1991) conclude that sea anemones are an ancient
group that, in the sublittoral, adopted the strategy of
large individual size and unitary lifestyle at an early
stage in response to predation. In intertidal sea anemones, lack of coloniality is explained in terms of
mechanical restriction: protection against desiccation
such as symmetrical retraction of tentacles, and the
retention of coelenteric fluid is interpreted as being
more difficult to achieve for closely conjoined members of a sheet-like colony (Shick 1991). As a result,
polyps with no exoskeleton should necessarily remain
solitary and cylindrical (Grasshoff 1987, Shick 1991,
Grasshoff & Gudo 1998). Our findings suggest that
these explanations for the presence or absence of coloniality in anthozoans need to be reconsidered.
As the only known colony-forming sea anemone,
Cereus herpetodes is a good subject on which to study
the ecological driving forces behind coloniality and its
morphological correlates. The flat shape of C. herpetodes colonies and coloniality itself may be an adaptation to a habitat in which extremely strong water
movement precludes tall cylindrical growth. Flat
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growth is frequently observed in sea anemones that
are subjected to surf impact or extreme currents (Koehl
1977). Dense aggregations of anemones minimize the
dragging effect for each individual (Koehl 1982). The
ratio of exposed perimeter to feeding-surface area
declines more steeply with clonal growth than with
aclonal growth (Francis 1988). Flat colonies of C. herpetodes, which represent the most compact clonal
aggregations, consequently attain an optimum ratio.
The outer walls of neighbouring sections within a
colony of C. herpetodes frequently adhere together
through the adhesive verrucae on the column, leading
to increased stiffness of the colony (Fig. 1C). Resistance against physical removal or damage is increased
by particularly strong attachment to the substratum
and, in many cases, by the attachment of small stones
to the column of C. herpetodes and the presence of
small stones in the gastrocoel.
The average prey success for each clone mate in
dense aggregations with cooperative behaviour is
higher than for completely separate individuals of
comparable size, as larger and more agile prey can be
overpowered and held in such aggregations. In a
colony, each zooid benefits from the capture success of
its clone mates through exchange of coelenteric fluid.
Predators are often abundant in shallow subtidal
water (Paine 1966, Jackson 1985). The frequency of
aggressive encounters and their cost to each individual
will be lower for a ramet fighting back-to-back with a
clone mate than for lone fighters of the same size and
shape; more energy can be expended in protecting the
exposed sides without increasing total investment
(Francis 1988). In Cereus herpetodes, defence mechanisms include fighting tentacles (also termed ‘catch
tentacles’), acontia, stones in the gastrocoel and stones
attached to the outer column wall.
The validity of subdivisions within the Anthozoa has
been a subject of debate that has gained in intensity
(Fautin & Lowenstein 1993, Chen et al. 1995, France et
al. 1996, Grasshoff & Gudo 1998, Berntson et al. 1999,
Stanley & Fautin 2001, Won et al. 2001, Daly et al.
2002). The skeletons of Scleractinia are of multiple origin (Romano & Palumbi 1996, Romano & Cairns 2000),
and may even have been ephemeral. As a result, the
lack of coloniality in Actiniaria is one of the last main
morphological characters justifying separation of Scleractinia and Actiniaria (Daly et al. 2002). Although
Cereus herpetodes exhibits the same mode of colonyformation as some stony corals, from the available data
it is not apparent whether, in these sea anemones,
coloniality is a plesiomorphic or an apomorphic character. Therefore, conclusions on the phylogenetic position of C. herpetodes exclusively based on its coloniality would be premature. Nevertheless, our findings
confirm that relationships among anthozoans are not
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clear-cut and support the hypothesis of Stanley &
Fautin (2001) that it may be more phylogenetically
accurate to merge the order Scleractinia with the
orders Actiniaria and Corallimorpharia.
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