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Summary. Aggressive interactions among reef corals involving di-
rect interference through extracoelenteric digestion has previously
been considered as a potential mechanism for the maintenance
of high species diversity. In this report I show that induced devel-
opment of sweeper tentacles can reverse initial digestive interac-
tions. In the eastern Pacific these reversals contribute to resource
monopolization by fast growing pocilloporid corals. This suggests
that other mechanisms must account for the maintenance of local
species diversity.

Reef building corals are often space limited. The occurrence of
processes involving exploitative competition (overtopping) and in-
terference competition (aggressive interactions and overgrowth)
has been amply demonstrated (Connell 1973, 1976, 1978; Glynn
et al. 1972, 1976; Lang 1970, 1973; Maragos 1972; Porter 1974).
Aggression, through extracoelenteric digestion, has been described
as a purely transitive phenomenon with exceptions to predicted
outcomes rare (Connell 1976; Lang 1970, 1973). As such, digestive
ability has been emphasized as a counterbalance to rapid growth
rate thus providing a potential mechanism for the maintenance
of coral species diversity (Lang 1973; Porter 1972). Species with
a low linear growth rate yet high digestive ability could prevent
or forestall exclusion by a weaker yet faster growing species. I
show here that induced development of sweeper tentacles can
lead to the reversal of initial outcomes for some digestive interac-
tions. These reversals act to decrease diversity and contribute to
eventual resource (space) monopolization by fast growing branch-
ing corals on reefs in the eastern Pacific.

In corals, a direct interference mechanism ‘‘extracoelenteric
digestion”, involves the ability of an individual colony to extend
digestive mesenterial filaments from the gut and kill the opposing
tissues of an adjacent species immediate to the zone of contact.
This phenomenon occurs mainly between different species, al-
though some limited conspecific involvement has been reported
(Dustan 1975). Digestive interactions do not usually result in death
of the entire colony of the subordinate species unless it is quite
small (<3 cm colony diameter; Lang 1970).

Based on short term field and laboratory experiments using
interspecific pairs of fifty Caribbean species, Lang (1970, 1973)
established a dominance hierarchy: in general, species of the sub-
order Faviina > Fungiina > Astrocoeniina. This ranking suggests
that, with few exceptions, the slower growing massive species are
aggressively dominant over the faster growing branching corals.
Therefore, the contrasting characteristics of digestive rate could
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provide a mechanism for the coexistence of coral space competi-
tors.

Coral reefs in the eastern Pacific are composed primarily of
species belonging to two genera — Pocillopora (Astrocoeniina) and
Pavona (Fungiina) (Glynn et al. 1972; Glynn 1976; Porter 1974).
Pocillopora spp. predominate in shallow water (0-6 m depth) and
Pavona spp. in deep water (6-10 m). Preliminary field observations
based on the presence of post-interactive scars (contact sites be-
tween intergeneric pairs in which a portion of one colony was
killed and encrusted with coralline algae), suggested that Pocillo-
pora was dominant over Pavona (Glynn et al. 1972; Porter 1974).
Observational data collected in this study corroborated these pre-
vious findings (see Table 1). In contrast, laboratory experiments
clearly demonstrated the superiority of Pavona with respect to
mesenterial digestion. In these experiments the outcome of di-
gestive interactions were evident within 0.5 h to 12 h after tissue
contact (Glynn 1974).

Table 1. Field observations of in-situ coral interactions

Species pairs Observed outcomes

Poc. > Pav. Poc. < Pav.  Poc.=Pav.

Pocillopora damicornis
V8. 62 5 2
Pavona clavus

Pocillopora damicornis
vs. 58 14 0
Pavona gigantea

Pocillopora robusta
vs. 36 1 0
Pavona clavus

Pocillopora robusta
Vvs. 47 8 0
Pavona gigantea

Outcomes of coral-coral interactions presented are from random field
observations on reefs surrounding Isla Contadora [Archipiélago de las
Perlas], Republica de Panama. The direction of dominance is indicated
as Pocillopora (Poc.)>dominant over Pavona (Pav.) or, Pocillopora<
subordinate to Pavona. These were designated as such when one species
apparently had caused tissue damage to the other as evidenced by the
presence of exposed skeleton and/or an algal encrustation. Equal (=)
means that both species have sustained damage and indicates an interme-
diate reversal stage. These data indicate that branching corals (Pocillo-
pora spp.) are dominant over massive species (Pavona spp.) under natural
conditions



Table 2. Coral interaction experiment

Treatment Shallow sites (3 replicates/Treat.) Deep sites (6 replicates/Treat.)
after: 2 days 60 days 270 days 2 days 60 days 150 days
Pocillopora damicornis Po<Pa 2% 0 0 4?2 0 0
Vs, Po>Pa 0 3 3 0 50 5¢
Pavona clavus % reversals - 100 100 - 100 100
Pocillopora damicornis Po<Pa 3 1 1 47 2k 1
vs. Po>Pa 0 2 2 0 3 5
Pavona gigantea % reversals — 67 67 - 60 83
Pocillopora robusta Po<Pa 3 0 0 42 2 2
vs. Po>Pa 0 3 3 0 4 4
Pavona clavus % reversals - 100 100 - 67 67
Pocillopora robusta Po<Pa 3 0 st 2 2
vs. Po>Pa 0 1 3 0 4 4
Pavona gigantea % reversals — 33 100 — 67 67
Congeneric pairs
and no reaction no reaction
Conspecific pairs
Summary of pooled data Po<Pa 11 3 1 17 6 5
Po>Pa 0 9 11 0 16 18
% reversals — 75 92 — 73 78

These results show changes in direction of dominance between same individual pairs through time. Po means Pocillopora, Pa means Pavona.
Criteria for determining direction of dominance are the same as described in Table 1. *-one replicate with no reaction; a-two replicates with
no reaction; b-one replicate with no reaction (for a and b see text for explanation of delayed interaction); c-sponge infection killed Pocillopora

damicornis in replicate no. 3

To test the hypothesis that the vertical zonation pattern among
corals in the eastern Pacific result from differential changes in
digestive ability along a depth gradient, I established 3-6 replicates
of each possible combination (6) between interspecific pairs of
four coral species — Pocillopora damicornis Linnaeus, Pocillopora
robusta Verrill, Pavona clavus Dana, and Pavona gigantea Verrill
in shallow (—1.0 m MLLW) and deep sites (—10.0 m MLLW).
These experiments were conducted over a nine month period on
the southwestern fringing reef at Isla Contadora (Archipiélago
de las Perlas) in the Gulf of Panama. Shallow water experiments
were initiated on 9/XII/78 and those in deep water on 4/IV/79.

The results (Table 2) illustrated that initial outcomes followed
the hierarchy previously proposed; Pavona extended its mesenter-
ial filaments and killed the opposing tissues of Pocillopora. Howev-
er, in the majority of cases reversals in dominance appeared within
7-60 days. These reversals were associated with the modification
of certain feeding tentacles into elongated sweeper tentacles tipped
with enlarged acrospheres. Feeding tentacles are 1-2 mm in length
while sweeper tentacles reach up to 30 mm in length. Sweeper
tentacles were restricted to polyps on branches immediately adja-
cent to the region of contact between coral colonies (Fig. 1c¢).
Concomitant with these morphological changes, the cnidom show-
ed a marked increase in the nematocyst (principally basitrichous
isorhizas; see Mariscal, 1974): spirocyst ratio. Prior to transforma-
tion this ratio was 1:4 (n=12 tentacles), after the elongation of
sweeper tentacles the ratio shifted to 1:0.2 (n=12 tentacles). These
induced changes in tentacle form suggest a switch from food cap-
ture to one of defense and/or aggression (den Hartog 1977).

These events followed a predictable sequence. Within 2 days
after initial contact, Pavona extended its mesenterial filaments
and destroyed tissues of Pocillopora, exposing a portion of the
skeleton (Fig. 1a). The Pavona mesenterial filaments were then
retracted and algae quickly invaded and became established on

the dead areas of Pocillopora. From one to two months later,
as tissue regenerated over the dead skeletal portions, sweeper tenta-
cles developed on the peripheral branches of Pocillopora. The
extended sweeper tentacles moved passively in the surge and fre-
quently made contact with the adjacent Pavona colony. These
contacts resulted in the necrosis and sloughing of the Pavona
tissues. The exposed skeleton was then rapidly invaded by filamen-
tous algae and later an encrustation of coralline algae (Fig. 1b).
Once the coralline algae became established it acted as a buffer
zone between the two corals. The sweeper tentacles of Pocillopora
then retracted and reverted to their pre-encounter size and feeding
function. This sequence was repeated at a later date if subsequent
growth by either coral species resulted in renewed tissue contact.
Eventually, however, Pavona was usually overtopped by Pocillo-
pora due to the more rapid linear growth rate of the latter [~5 cm
vs. 1.5 to 2.0 cm/yr for Pavona (Maguire and Porter 1977; Glynn
and Stewart 1973; Wellington unpubl. data)]. In this sequence
it is unclear why Pavona does not retaliate by extending its mesen-
terial filaments in response to sweeper tentacle attack; unless,
perhaps, these tentacles are more powerful than the mesenterial
filaments of Pavona.

Time to digestive reversal appeared to be directly related to
the degree of initial damage sustained by Pocillopora from the
mesenterial filaments of Pavona. In some cases, extensive tissue
sloughing (up to 4 cm) distal to the contract point may have
resulted from secondary bacterial infections of the injured Pocillo-
pora tissues. Recovery and reversal under these conditions proceed
quite slowly, requiring at least several months and account for
some of the non-reversals evident after the 150-270 day observa-
tion periods in Table 2. In the experiments at the shallow site
all replicates were placed in direct skeletal contact. However, 12
of the 24 replicates (3 of 6 replicates/treatment) at the deep site
were placed 1-2 mm apart (polyp contact only). In these replicates
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Fig. 1. Experimental corals show result of initial digestive interaction (a) between Pocillopora damicornis (left) and Pavona gigantea (right)
after 24 h. Arrow indicates contact zone where Pocillopora tissues have begun to slough exposing white skeleton. Reversal of an interaction
(b) after 60 days; Pavona colony opposite Pocillopora is encrusted with algae and recent tissue damage appears as whitened patches on surface
of corallum. (¢) close-up of semi-retracted sweeper tentacles are indicated by arrows. Scale bars in (a) to (c¢) represent 10,10 and 5 mm respectively

extracoelenteric digestion did not occur until 7-8 days after con-
tact. Skeletal separation apparently postponed time to interaction.

Sweeper tentacle development has been described for several
coral species and was originally considered to be a structural
adaptation for food capture (Price 1973; Lewis and Price 1975).
It has been pointed out, however, that resultant changes in the
cnidom of sweeper tentacles resembled those found in the catch
tentacles, acrorhagi and marginal tentacles of the Actiniaria (den
Hartog 1977). These analogous organs are known, or at least
suspected, to be used in both aggressive and defensive interaction
(Purcell 1977; Williams 1975; Francis 1973).

The first field evidence that sweeper tentacles function as defen-
sive organs has recently been reported by Richardson et al. (1979).
Their observations suggest that the sweeper tentacles of the coral
Montastrea cavernosa act to fend off encroachment by Montastrea
annularis — a faster growing, digestively superior species. Richard-
son et al. suggest that this defensive response contributes to the
maintenance of living space for M. cavernosa. The reversal mecha-
nism described in this paper, however, ultimately facilitates the
competitive dominance of rapid growing branching species (Pocil-
lopora spp.) over the slow growing massive corals (Pavona spp.).
That this is possibly a widespread phenomenon is further suggested
by the recent work of Sheppard (1979) in the Indian Ocean. Based
on static observations of naturally occurring interactions (similar
to those presented in Table 1) he suggests that the ability of a
coral to cause tissue damage to another is not associated with
particular taxonomic groups or corallum morphology but is often
correlated with species abundance within a given depth zone. Shep-
pard’s conclusions corroborate, at least in part, the findings of
this report and do not support the linear dominance model of
extracoelenteric digestion proposed for the Caribbean. If sweeper
tentacles defense is a common mechanism employed by rapidly
growing corals, then initial digestive interactions merely delay ulti-
mately sucessful dominance interactions and cannot account for
the persistence of slow growing species in coral communities.
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Rather, mechanisms such as intermediate disturbance or compen-
satory mortality are probably of greater importance to the mainte-
nance of local coral diversity of reefs (Connell 1978).
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