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ABSTRACT: The ovulid gastropod Cyphoma gibbosum Linnaeus is a specialist consumer of gorgonian
octocorals. Although the direct effects of its feeding do not appear to be great, the indirect consequences
may be substantial. An 8 wk study of the gorgonian Plexaura homomalla Esper in Curagao found that C.
gibbosum occurred primarily on the lower 30 cm of colonies, and that there were significant correlations
between C. gibbosum density and the extent of colony fouling on the lower 30 cm of colonies. This
correlation occurred whether one measured initial fouling, final fouling, or change in fouling during the
8 wk. There were no significant correlations of C. gibbosum density and fouling for colony portions
more than 30 cm above the holdfast. These findings and direct observations in the field suggest that
feeding by C. gibbosum increases fouling of gorgonians by exposing the axial skeleton and providing
settling sites for fouling propagules. Because fecundity of P. homomalla is reduced when fouling
separates colonies into a series of smaller aggregates, the indirect effects of C. gibbosum grazing could

strongly affect the fitness of P. homomalla and other gorgonians.

INTRODUCTION

Octocorals (Coelenterata: Anthozoa: Octocorallia)
are abundant on coral reefs throughout the tropical
Indo-Pacific and western Atlantic. The gorgonian
octocorals (Gorgonacea), popularly known as sea fans
and sea whips, are particularly common on shallow
reefs in the Caribbean Sea, the Florida Keys, USA, and
Bermuda (Bayer 1961, Kinzie 1973).

Gorgonian octocorals are consumed by few predators.
Randall (1967} noted that gorgonian tissue was absent
from the gut contents of most reef fishes. Bakus (1981)
demonstrated that most gorgonians and other conspicu-
ous, sessile reef invertebrates contained extractable
substances that were toxic to fish. Recent experiments
have shown that the calcium carbonate sclerites and
secondary metabolites of some gorgonians can deter
fish feeding (Gerhart 1984, Pawlik et al. 1987, Gerhart et
al. 1988, Harvell et al. 1988, Harvell & Fenical 1989).

In spite of these defenses, several species of ovulid
gastropods readily consume gorgonians (Kinzie 1970,
Patton 1972, Lasker & Coffroth 1988, Lasker et al
1988). In the tropical western Atlantic, one of these
gastropods, Cyphoma gibbosum (the 'Flamingo Tongue
snail’), frequents shallow reefs and feeds exclusively on
gorgonians (Kinzie 1970). C. gibbosum consumes with-
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out ill effect even those gorgonian species that contain
high concentrations of sclerites or toxic secondary
metabolites (Kinzie 1970, Hazlett & Bach 1982, Gerhart
1986, Harvell & Suchanek 1987, Harvell & Fenical
1989).

Cyphoma gibbosum rarely kills its hosts (Kinzie 1970,
Birkeland & Gregory 1975), and damaged gorgonians
can regenerate their lost tissues (Silveira & Van't Hof
1977). However, grazing by C. gibbosum may increase
gorgonian fouling. A number of authors have observed
that uninjured gorgonian tissue is rarely overgrown by
epibionts (Burkholder 1973, Targett et al. 1983, Stand-
ing et al. 1984, Rittschof et al. 1985, Gerhart 1989, Davis
et al. in press). It has been suggested that exposure of
the axial skeleton by physical abrasion or predation can
allow the settlement of epibionts, and that this fouling
may decrease the fecundity (Wahle 1983a) and increase
the mortality of gorgonians (Kinzie 1974, Silveira &
Van't Hof 1977, Wahle 1980, Wahle 1985).

Although the relationship between predation and
gorgonian fouling has important implications for gorgo-
nian ecology and evolution, this relationship has not
been systematically examined or quantified. Therefore,
the goals of this study were: (1) to examine systematically
the association of predation by Cyphoma gibbosum and
fouling of the gorgonian Plexaura homomalla; (2} to
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quantify the degree of correlation between these factors;
and (3) to observe the sequence of events that linked
gorgonian fouling to gastropod predation.

METHODS

Study site. The study was performed at Kaap Mal-
meeuw, Curagao, Netherlands Antilles. This area has
been described in detail by Hoek et al. (1978).
Cyphoma gibbosum Linnaeus in this location predomi-
nately occupy the lower 30 cm of Plexaura homomalla
Esper colonies (Gerhart 1989).

Field methods. Fifty-four colonies of Plexaura
homomalla were marked with plastic tags, ranged in
depth from 6 to 11 m, and varied in height from 19 to
110 cm. Colonies were examined 4 to 5 d wk ™! for 8 wk.
During each observation, the number of Cyphoma gib-
bosum occupying each colony was recorded, and the
distance from the colony holdfast to each gastropod
measured. Colony size was quantified by measuring the
maximum height of each gorgonian. Measurements of
fouling were made at the beginning and end of the study
period. The amount of fouling on each colony was
quantified by measuring, tothe nearest 0.5 cm, the linear
dimension of fouled sections of axial skeleton. The total
amount of fouling for each colony was then expressed as
the sum of the lengths of the fouled sections.

Statistical analyses. All statistical tests were per-
formed as described by Sokal & Rohlf {1981). Correlation
coefficients were calculated between the initial level of
fouling and the initial number of gastropods occupying
the colony, between the final amount of fouling and the
average number of Cyphoma gibbosum per colony, and
between the change in fouling during the study interval
and the average number of C. gibbosum per colony. The
statistical significance of changes in the amount of
fouling on snail-occupied, unoccupied, and fouled but
unoccupied colonies was determined by Wilcoxon's
signed ranks test. Fouling on low (<30 cm from the
holdfast) versus high (> 30 cm from the holdfast) sections
of gorgonians were compared using Student's t-test.

RESULTS
Intra-colony distribution of fouling and gastropods

During the study 96 % (1000 of 1038) of Cyphoma
gibbosum observation were of gastropods occupying the
lower 30 cm of marked Plexaura homomalla colonies
(Table 1). The mean height of these marked colonies was
60.3cm (n =54, SE = 2.72 cm), and more than 90 % of the
colonies were greater than 30 cm in height. Thus, C.
gibbosum tended to occupy the lower sections of P.
homomalla at this study site (see also Gerhart 1989).

Table 1. Plexaura homomalla. Intra-colony distribution of foul-

ing on marked gorgonian colonies. Fouling and occupancy by

Cyphoma gibbosum were concentrated on the lower sections

of colonies. Average fouling levels (and SE in parentheses) are

based on measurements of 54 colonies. See text for statistical
tests and significance levels

Intra-colony location (all colonies):

<30 cm > 30 cm
above holdfast above holdfast

No. observations of
Cyphoma gibbosum

(colony-days) 1000 (96 %) 38 (4 %)
Average fouling (cm)
At inception 16.0 (0.5) 0.7 {0.2)
At completion 23.2 (5.8) 0.2 (0.02)
Change in fouling +7.2 (2.5) —0.5(0.3)

At both the inception and completion of the study,
colony fouling was greater in lower sections of the
gorgonians than in higher sections of the colonies
(Table 1; n = 54 colonies; Wilcoxon's signed ranks test,
Ts = 5.6 for the comparison of fouling at the inception of
the study, and 6.3 at the completion of the study; both
testssignificant with p < 0.001) (Fig. 1). Thus, fouling was
greater in the sections of Plexaura homomalla that were
most heavily occupied by Cyphoma gibbosum.

Inter-colony distribution of fouling and gastropods

For colony sections less than 30 cm from the holdfast,
the initial amount of fouling, the final amount of fouling,
and the change in fouling (Table 2) were greater on
gastropod-occupied colonies than on unoccupied col-
onies (Student's t-test; n; = 22 snail-occupied colonies,
n, = 32 unoccupied colonies; p < 0.05 for all 3 tests).
Fouling less than 30 cm from the holdfast increased
significantly during the study on colonies occupied by

Table 2. Plexaura homomalia. Intra-colony distribution of foul-

ing less than 30 cm from the holdfast on marked colonies. For

these Jower sections of colonies, the average level (with SEs in

parentheses) of fouling and the increase in fouling were sig-

nificantly higher on gorgonians that had been occupied by

Cyphoma gibbosum. See text for statistical tests and signifi-
cance levels

Fouling (< 30 cm from colony holdfast) on:
Snail-occupied Unoccupied
colonies colonies
Average fouling (¢m)
At inception 295  (7.8) 6.7 (1.6)
At completion 46.7 (12.5) 7.0 (1.6)
Change in fouling 17.2  (5.5) 0.3 (0.8)
_
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Fig. 1. Plexaura homomalla. Gorgonian colony partially overgrown by firecoral (Millepora complanata). Overgrowth of lower
sections of colonies isolates upper branches into sub-colonies. (Photograph by Dr John Halas, Florida Dept of Natural Resources)

gastropods (Wilcoxon’s signed ranks test; p < 0.005; n =
22 colonies), but not on unoccupied colonies (Wilcoxon's
signedrankstest; p >0.05; n = 32 colonies). The amount
of fouling below 30 cm also did not increase significantly
on colonies that were not occupied by gastropods, but
which were fouled at the beginning of the study (Wilco-
xon's signed ranks test; p > 0.05; n = 20 colonies). Thus,
levels of fouling and the increase in fouling were greater
on the colonies of Plexaura homomalla that were
occupied by Cyphoma gibbosum (Fig. 1).

Correlation of gastropod occupation and fouling

The initial amount of fouling less than 30 cm from the
holdfast was significantly correlated with the initial
number of gastropods occupying the colony (rs = 0.69;
p <0.01; n = 54 colonies; Fig. 2A). Furthermore, in this
section of the colonies, both the final level of fouling
(Fig. 2B) and the change in fouling (Fig. 2C) were
significantly correlated with the average number of
gastropods occupying the colony (r; = 0.71 and 0.74,
respectively; n = 54 and p <0.01 in both cases). In

contrast, for colony sections more than 30 cm from the
colony holdfast, occupation by Cyphoma gibbosum
was not correlated with initial fouling, final fouling, or
change in fouling of the colonies (p > 0.05 in all cases).
For fouled colonies, the degree of fouling was not
significantly correlated with colony size (rs = —0.08;
p > 0.05; n = 35 colonies).

It could be argued that these correlations were driven
entirely by the low amounts of fouling on colonies that
were unoccupied by snails. To eliminate this possibility,
the correlation coefficients werere-calculated using only
data for the 22 colonies that were occupied at least once
by Cyphoma gibbosum during the study period. For
these occupied colonies, the correlation between initial
fouling and the average number of snails per day was
0.48 (n = 22 colonies, p < 0.05). The correlation between
final fouling and the average number of snails per day
was 0.60 (n = 22 colonies, p <0.01). The correlation
between the change in fouling and the average snail
occupation was 0.66 (n = 22 colonies, p <0.01). Thus,
fouling remained significantly correlated with the aver-
agerate of snail occupation, even considering only those
colonies that were occupied by snails.
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Fig. 2. Plexaura homomalla. Fouling (Y axis} and occupation
by Cyphoma gibbosum (X axis) of marked gorgonian colonies.
Data are for the lower sections (<30 cm from the holdfast) of
colonies. Colony fouling at inception of study {r = 0.69).
Fouling at the completion of the study (r; = 0.71). Change in
degree of fouling colony during the study period (1, = 0.74)

Observations of predation and fouling

Feeding scars appeared in colony areas that were
occupied by Cyphoma gibbosum, indicating that occu-
pation reflected gastropod predation. (Furthermore, at
this and other sites in Curacgao, fouled scars on a gorgo-
nian usually indicated the presence of C. gibbosum.)
For example, during the study C. gibbosum stripped
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the coenenchyme from a 9.5 cm long branch of marked
Colony 15, exposing the axial skeleton. This section of
the colony was subsequently colonized and overgrown
by fouling organisms. A similar sequence of events was
observed for other colonies. This sequence of events
was not observed for ungrazed colonies with undam-
aged tissue, or for sections of snail-occupied colonies
that were not occupied by C. gibbosum.

DISCUSSION

Fouling of Plexaura homomalla was significantly cor-
related with the average number of Cyphoma gib-
bosum that occupied the colony. Both fouling and gas-
tropod predation were concentrated on the lower sec-
tions of colonies. In addition, gorgonian colonies that
were occupied by C. gibbosum became increasingly
fouled during the study; colonies without gastropods
did not. Therefore, gastropod predation was correlated
not only with the amount of fouling, but was also
associated with its distribution and increase.

It could be argued that Cyphoma gibbosum favors
large colonies, or that larger colonies are occupied by
more gastropods, or that large colonies were more
heavily fouled due to their larger size and greater age.
If so, then fouling should be positively correlated with
colony size. The correlation between colony size and
fouling, however, was not significant, and explained
only 0.6 % of the variation in fouling between gorgo-
nian colonies.

It could also be argued that the correlations
documented in this study do not reflect a causal rela-
tionship between gastropod predation and fouling, but
rather reflect a preference of Cyphoma gibbosum for
gorgonian colonies that, for unknown reasons, also
tend to become fouled through time. Manipulative field
experiments would help resolve this point. At present,
the strongest evidence for a cause-and-effect relation-
ship is supplied by the direct observation of a sequence
of events relating predation to fouling. In situ observa-
tions indicate that predation by C. gibbosum produced
tissue loss from the axial skeleton of the gorgonian, and
that the bared axial skeleton was subsequently col-
onized by fouling organisms. Undamaged gorgonians
did not become increasingly fouled during the study
interval. Furthermore, fouled colonies with gastropods
became increasingly overgrown as grazing continued,
while fouled colonies without gastropods did not.
These observations suggest that the association of gas-
tropod predation and fouling reflects a cause-and-
effect relationship, and not a spurious correlation
between the 2 variables.

The fouling of gorgonian colonies due to Cyphoma
gibbosum grazing may significantly decrease colony
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fecundity. Wahle (1983b) reported that the fecundity of
Plexaura homomalla was reduced by injuries that sepa-
rated the colony into a series of isolates. Damage of this
type can be particularly significant in high-energy
physical environments, where residence times of C.
gibbosum are extended and damage is restricted to
lower sections of colonies (Gerhart 1989). If fouling
does indeed lead to decreased colony fecundity, then
natural selection should favor the evolution of gorgo-
nian characters that decrease the frequency or severity
of wounding by C. gibbosum.

Feeding scars produced by Cyphoma gibbosum are
readily visible from a distance, and provide cues that
could signal the presence of gastropods to visually-
oriented predators. The mantle of C. gibbosum, how-
ever, is distasteful to fish, and the conspicuous colora-
tion of this gastropod may serve an aposematic function
(Gerhart 1985, 1986). Thus, the unpalatability of C.
gibbosum may permit higher grazing rates in this
marine gastropod.

Cyphoma gibbosum and other predators that graze
upon gorgonians may affect the community structure of
coral reefs by opening substrata for larval settlement.
Gorgonians appear to serve as refuges against preda-
tion for palatable algae (Littler et al. 1987) and inver-
tebrates (Patton 1972, Gerhart et al. 1988). As C. gib-
bosum feeds, it exposes the axial skeleton of Plexaura
homomalla and other gorgonian species (Silveira &
Van't Hof 1977, Harvell & Suchanek 1987). The
exposed axial skeleton offers unoccupied hard sub-
strate that can be colonized by algae and other organ-
isms. Therefore, predation by C. gibbosum on gorgo-
nian octocorals may contribute to the maintenance of
coral reef diversity by opening refuges from predation
for palatable organisms.
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