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Abstract

Three types of organ (acrorhagi and catch tentacles in sea anemones, and sweeper tentacles in corals)
are described with regard to both morphology and 'aggressive' function. Species known to possess such
organs are listed. Research on the functions of these particular organs is reviewed and some exceptions
to their usual behaviour patterns are highlighted. Further research on allogeneic recognition might shed
more light on the phylogeny of anemones and corals.

Introduction

All free-living organisms require space in which to
live, and animals and plants have evolved a great
variety of means by which they can maintain or
expand it. Amongst Cnidaria, for instance, the
hydroid Hydractinia echinata (Fleming) has
evolved a size refuge from competition, whereby
a colony may grow too large to be overgrown
subsequently by a superior spatial competitor
such as Podocoryne carnea (Sars), another
hydroid (McFadden, 1986). A sea anemone may
simply swallow another as if it were prey, or or-
gans such as acrorhagi or catch tentacles may be
used to sting, incapacitate or kill a competitor
(Williams, 1975). Scleractinian corals exhibit an
even wider range of options, including the simple
overgrowth of colonies, extracoelenteric digestion
by mesenterial filaments (Lang, 1971, 1973), con-
tact avoidance through tissue withdrawal or se-
cretion of a cementum wall to separate soft tissue,
i.e., xenogeneic incompatibility (Hildemann et al.,
1975), and the use of sweeper tentacles to sting
competitors (den Hartog, 1977).

These interactions may involve individuals or
colonies of other cnidarians. Whether they should
be variously described as aggression, defence or
feeding behaviour is unclear, but generally the net
result is to keep individuals or colonies separate
from each other by some means. This review deals
only with those forms of behaviour, usually
termed 'aggressive', involving the use of one of 3
kinds of organ, viz., acrorhagi and catch tentacles
which occur in 2 infraorders of anemones, and
sweeper tentacles which occur in 4 suborders of
hard corals. The questions arise: what differences
and similarities occur in their structure and use;
what are the physiological bases of their use; what
selection pressures affect them; and what does
study of them contribute to our knowledge of the
phylogeny of the Actiniaria and Scleractinia?

Organs of 'aggression'

Organs of 'aggression' occurring in the infra-
orders Endomyaria and Acontiaria of the order
Actiniaria (anemones) and in the order Sclerac-
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tinia (corals) are usually used in interactions with
other hexacorallians, and only rarely in those with
members of other classes of cnidarian (Bigger,
1980).

Acrorhagi

Acrorhagi have been reported only from certain
genera of anemones in the family Actiniidae
(Endomyaria). When present, they occur in a
circlet below the tentacle crown (Stephenson,
1928). The potential to develop them is con-
sidered a generic character, but occasional indi-
viduals of a species may still lack them. Acrorhagi
are hollow sacs, their cavities continuous with the
coelenteron. They can be dilated and, by move-
ments of the column (overtopping), brought into
contact with an encroaching anemone. After con-
tact, pieces of acrorhagial ectoderm of the 'aggres-
sor' adhere to the body of the victim whilst dis-
charging into it the large holotrichous nemato-
cysts ('atrichs' in the older literature) charac-
teristic of acrorhagi (Abel, 1954). The victim may
then move away from the 'aggressor' or even
detach completely from the substrate. Within a
few days necrosis may ensue, sometimes causing
death (Williams, 1978; Brace, 1981). The behav-
ioural sequence usually occurs only following
repeated tentacular contact with a genotypically
distinct anemone: mere proximity has been held
not usually to initiate the response (Francis,
1973).

The following 13 species of 5 actiniid genera
have been shown to exhibit this so-called aggres-
sive behaviour with the use of acrorhagi: Actinia
equina (L.) (see Abel, 1954); Actinia tenebrosa
Farquhar (see Ottaway, 1978); Anemonia sargas-
sensis Hargitt (see Bigger, 1980); Anemonia sul-
cata (Pennant) (see Sauer et al., 1986); Antho-
pleura elegantissima (Brandt) (see Francis, 1973);
Anthopleura artemisia (Pickering) (see Francis,
1973); Anthopleura ballii (Cocks) (see Williams,
1978); Anthopleura xanthogrammica (Brandt) (see
Bigger, 1980); Anthopleura krebsi Duchassaing &
Michelotti (see Bigger, 1976); Anthopleura asiatica
Uchida & Muramatsu (see Fujii, 1987);

Bunodosoma cavernata (sensu Verrill, non Bosc)
(see Bigger, 1980); Bunodosoma biscayensis
(Fischer) (see den Hartog, 1987); and Phymactis
clematis (Drayton) (see Brace, 1981).

Catch tentacles

These organs occur only in the Acontiaria
(Actiniaria), in certain genera of several families.
They occur usually in the primary (inner) cycle of
the feeding tentacles and sometimes also in the
secondary and tertiary cycles. They can usually be
recognized by their thick, blunt appearance when
contracted, their peculiar 'searching' movements
during which they extend to many times the length
of the feeding tentacles, and microscopically by
their holotrich nematocysts (Williams, 1975).
Catch tentacles do not occur on every individual
of those species known to possess them.

If a catch tentacle touches a feeding tentacle or
the column of a neighbouring anemone, the tip
often becomes stuck fast to it. The catch tentacle
slowly retracts until a constriction appears where
it breaks, just behind the tip. The victim usually
contracts, retaining the detached tip of the
'aggressor's' catch tentacle, and may retreat from
the 'aggressor'. Necrosis of tissue around the
adhering tip may occur a day or so later, some-
times resulting in death (Williams, 1975). Catch
tentacles have been recognized so far in the fol-
lowing 16 species, belonging to 10 genera: Cereus
pedunculatus (Pennant) (see Gosse, 1858-59);
Diadumene schilleriana (Stoliczka) (see Stoliczka,
1869); Diadumene leucolena (Verrill) (see Verrill,
1866); Diadumene neozelanica Carlgren (see
Carlgren, 1929); Diadumene kameruniensis
Carlgren (see Carlgren, 1929); Diadumene cincta
Stephenson (see Stephenson, 1925); Flosmaris
bathamae Hand (see Hand, 1961); Habrosanthus
bathamae Cutress (see Cutress, 1961); Hali-
planella luciae Verrill (see Williams, 1975);
Metridium senile (L.) (see Portielje, 1933);
Sagartia elegans (Dalyell) (see Gosse, 1858-59);
Sagartia troglodytes (Price) (see Dalyell, 1848);
Sagartia ornata (Holdsworth) (den Hartog, pers.
comm.); Sagartiomorphe carlgreni Kwietniewski



541

(see Carlgren, 1940); Tricnidactis errans Pires (see
Pires, 1988); and Verrillactis paguri England (see
England, 1971). These 10 genera are assigned to
6 families: Diadumene - Diadumenidae; Hali-
planella and Tricnidactis - Haliplanellidae;
Sagartia, Cereus, Habrosanthus and Verrillactis -
S agartiidae; Metridium - Metridiidae; Flosmaris -
Isophelliidae; Sagartiomorphe - Sagartiomor-
phidae.

Sweeper tentacles

Sweeper tentacles occur only in the Scleractinia
(hard corals). They are similar in form and general
behaviour to the catch tentacles of the Acontiaria,
although detachment of the tentacle tip after con-
tact with another coral polyp does not seem to
have been recorded. As with catch tentacles,
sweeper tentacles do not occur on every polyp (or
colony) of those coral species known to possess
them. Sweeper tentacles have been observed in 13
species referred to 11 genera: Agaricia agaricites
(L.) (see Lewis & Price, 1975); Dichocoenia stokesi
Edwards & Haime (see Bak & Elgershuizen,
1976); Euphyllia ancora Veron & Pichon (see
Sheppard, 1982); Galaxea fascicularis (L.) (see
Fujita, 1983); Madracis mirabilis (Duchassaing &
Michelotti) (see Bak et al., 1982); Madracis decac-
tis (Lyman) (see Chornesky, 1983); Merulina
ampliata (Ellis & Solander) (see van Moorsel, in
Ates, 1988); Montastrea cavernosa (L.) (see Lewis
& Price, 1975); Plerogyra sinuosa (Dana) (see van
Leeuwen, in Ates, 1988); Pocillopora damicornis
(L.) (see Wellington, 1980); Pocillopora robusta
Verrill (see Wellington, 1980); Porites andrewsi
Vaughan (see Sammarco et al., 1982); and
Stephanocoenia michelinii Edwards & Haime (see
Bak & Elgershuizen, 1976). The 11 genera are
referred to 9 families: Euphyllia and Plerogyra -
Caryophylliidae; Merulina - Merulinidae; Mon-
tastrea - Faviidae; Galaxea - Oculinidae;
Dichocoenia - Meandrinidae; Agaricia - Agari-
ciidae; Pocillopora and Madracis - Pocilloporidae;
Stephanocoenia - Astrocoenidae; Porites -
Poritidae. These families fall into 4 suborders:
Astrocoeniidae and Pocilloporidae - Astro-

coeniina; Faviidae, Merulinidae, Meandrinidae
and Oculinidae - Faviina; Poritidae and
Agariciidae - Fungiina; Caryophylliidae - Caryo-
phylliina.

Recent research

Acrorhagi

Following bel's elucidation in 1954 of the
function of acrorhagi in Actinia equina, little inter-
est was stimulated, and Bonnin confirmed these
results only in 1964. A further delay ensued until
the work of Francis (1973) on Anthopleura elegan-
tissima. However, this was soon followed by a
succession of papers demonstrating similar
behaviour in further species (Bigger, 1976, 1980;
Ottaway, 1978; Williams, 1978; Brace, 1981;
Sauer et al., 1986). Meanwhile, studies were being
carried out which showed that the so-called
aggressive behaviour of anemones enables them
to compete for space. This is true both of groups
of clonal species such as Anthopleura elegantissima
(see Francis, 1973) and of solitary species such as
Actinia equina (see Brace & Quicke, 1986).
Although 'aggression' usually follows contact
between two genetically distinct anemones, it may
occasionally occur spontaneously in Anthopleura
elegantissima (see Francis, 1973) and Actinia
equina (see Williams, 1978); or maybe not at all
after contact, for example between Anthopleura
ballii and Anemonia sulcata (see Williams, 1978),
and between genetically dissimilar individuals of
Actinia tenebrosa (see Ayre, 1982) or Anthopleura
krebsi (see Bigger, 1980). Conspecific habituation
has been demonstrated for Anthopleura xantho-
grammica by Sebens (1984) and Actinia equina by
Brace & Santer (1991).

Actinia equina has been used to test for water-
borne compounds which might cause apparently
spontaneous behaviour (R.B. Williams, unpubl.).
Twenty anemones living at least 2 m apart on a
beach were each collected into separate polythene
bags, carefully avoiding any cross-contamination
by mucus. They were subsequently each kept
alone in dishes of 100 ml of artificial seawater for
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24 h and then the water from each of 10 random
dishes was exchanged with the water of one of the
10 remaining dishes. No resulting acrorhagial
response was observed over the ensuing 3 h.
Attempts were then made to evoke responses by
placing fresh mucus from the 10 originally selected
anemones amongst the tentacles of the 10 remain-
ing individuals. Again, this was unsuccesful: Big-
ger (1976) obtained a similar result with Antho-
pleura krebsi. In Anemonia sulcata, however, a
glycoprotein in the mucus stimulates the acror-
hagial response and an alloimmune memory has
been demonstrated (Sauer et al., 1986).

Catch tentacles

After more than a century of chance observation
on catch tentacles by various workers, P.R.G.
Tranter and R.B. Williams showed that they are
used in apparently 'aggressive' behaviour by
Cereus pedunculatus, Sagartia elegans, Sagartia
troglodytes and Diadumene cincta against other
species of anemone or against genetic variants of
their own species (see Williams, 1975). It was
soon suggested that, by analogy with the acrorhagi
of clone-forming actiniids, catch tentacles of
Metridium senile are used to maintain interclonal
segregation (Purcell, 1977). Further studies on the
mixing of clones indicated that the frequency of
use of catch tentacles by some individuals may
decrease through ensuing habituation (Purcell &
Kitting, 1982). It has also been shown that physi-
cal contact between anemones is required for
catch tentacles to develop from feeding tentacles
and that once they develop, unless occasional
contact is maintained, they will regress. In fact,
they transform from feeding tentacles and back
again with concomitant changes in the nemato-
cyst complement (Purcell, 1977; Watson &
Mariscal, 1983). An attempt (R.B. Williams,
unpubl.) to demonstrate the induction of catch
tentacle development by water-borne
compounds, by keeping 20 Diadumene cincta from
4 different sites individually in glass tubes closed
at each end with gauze all in one 10 1 tank for 20
days, was unsuccessful.

As with acrorhagial responses, further work
has revealed inconsistencies in what at first
seemed clear-cut behaviour of catch tentacles.
Kaplan (1983) showed that in Metridium senile
catch tentacles may not be deployed against some
non-clonemates, those of the opposite sex not
being attacked: indeed the non-response may
increase the likelihood of successful fertilization
by increasing the proximity of males to females.
However, in Haliplanella luciae, Fukui (1986)
observed no differences between catch tentacle
interactions between the sexes. Furthermore,
she observed that the individual deploying a
catch tentacle against another is consistently the
one which eventually moves away. However,
Williams (1980) reported for the same species that
the 'aggressor' may not move at all. A charac-
teristic of Haliplanella luciae seems to be that its
catch tentacles do not cause necrosis (Williams,
1980; Fukui, 1986). These recent observations
show that the term 'fighting tentacle' coined by
Purcell (1977) is not appropriate for all anemones.

Sweeper tentacles

Sweeper tentacles were discovered quite recently
(Lewis & Price, 1975). Following den Hartog's
(1977) suggestion that they might have an 'aggres-
sive' function, Richardson et al. (1979) ascribed
to them a defensive role in reversing scleractinian
interactions involving extracoelenteric digestion.
Clearly, colonial coral polyps cannot move away
in response to an aggressor. Sweeper tentacles
develop apparently in response to contact with
digestively superior species of coral or with other
Anthozoa (Chornesky & Williams, 1983;
Wellington, 1980; Chornesky, 1983; Bak et al.,
1982; Fujita, 1983; Hidaka & Yamazato, 1984).
Like most catch tentacles, sweeper tentacles of
some corals cause necrosis (Chornesky, 1983;
Wellington, 1980) but according to Bak &
Elgershuizen (1976) they appear to impart no par-
ticular aggressive advantages to Stephanocoenia
michelinii and Dichocoenia stokesi at least.
Sweeper tentacles arise by transformation of
feeding tentacles (Wellington, 1980), as do catch
tentacles.
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Discussion

Throughout the relevant literature, behaviour in
which acrorhagi, catch tentacles or sweeper ten-
tacles are used is referred to as aggressive, and
indeed, most of the behavioural sequences seem
to fit Carthy & Ebling's (1964) definition of
aggression, although there are exceptions with all
these 3 kinds of organ. However, phrases such as
'attempt to inflict damage' or 'threaten to inflict
damage' (Carthy & Ebling, 1964) seem to be
examples of anthropomorphism. 'Definable
physiological changes' have been demonstrated in
the form of changed electrical activity following
cellular recognition of allogeneic protein by the
acrorhagi of Anthopleura elegantissima (see
Lubbock & Shelton, 1981). There have been some
other attempts, all on actiniids, to elucidate the
mechanisms of self and non-self recognition
(Lubbock, 1980; Bigger, 1980; Ertman &
Davenport, 1981; Sauer et al., 1986) but it is not
yet possible to propose a general hypothesis to
explain all recorded observations. Recognition
seems to be more akin to an immune response to
tissue-bound antigens (see Hildemann et al.,
1979), perhaps involving alloimmune memory
(Sauer et al., 1986), than to repetitive detection of
soluble free molecules as with feeding response
activators (see above: unpubl. results of R.B.
Williams).

Despite the structural similarity of acrorhagi
and verrucae (Stephenson, 1928), Bigger (1982)
considered the former to be homologues of ten-
tacles. Catch tentacles are clearly tentacle homol-
ogues and so, if Bigger's view is accepted, acror-
hagi and catch tentacles must be regarded as
homologous. However, Williams (1975) consider-
ed that acrorhagi and catch tentacles are ana-
logous and constitute a case of convergent evolu-
tion. Catch tentacles and sweeper tentacles, since
they develop from feeding tentacles, are here
considered to be homologous. Comparisons of
the cnidomes of acrorhagi, catch tentacles and
sweeper tentacles were made by Williams (1975),
den Hartog (1977), and Bigger (1988) who has
also reviewed the role of the nematocysts in these
organs.

Future studies might profitably be directed at
attempts to define any physiological changes, par-
ticularly of an electrophysiological nature, in
'aggressive' episodes, and to confirm whether
allogens generally reside in surface-bound pro-
teins or in free mucus. The latter would establish
whether the broadly similar behaviours of all 3
kinds of organ have similar underlying mecha-
nisms. The results might shed more light on the
phylogeny of anemones and corals (see Hand,
1966; Schmidt, 1974).
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