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ABSTRACT: The ovulid gastropod Cyphorna gibbosum IS a widespread and common predator of 
gorgonian octocorals ('sea whips') on Caribbean coral reefs. C. gibbosum is not randomly distributed, 
but tends to be clumped into small groups. To examine possible causes of this phenomenon, field and 
laboratory experiments were performed with C. gibbosum and Plexaura hornornalla, a common 
Caribbean gorgonian. These experiments suggest that clumping in C. gibbosum is produced by 
mucous trail following. Gregariousness may have evolved in C. gibbosum to increase the protection 
afforded by distastefulness and aposematism, although other explanations cannot be excluded. 
Octocoral-gastropod interactions possess several important parallels to terrestrial plant-herbivore 
systen~s. Further comparison of these systems may provide new insights into predator-prey coevolution. 

INTRODUCTION 

Gorgonians (Coelenterata: Anthozoa: Octocorallia) 
are common, conspicuous members of Caribbean coral 
reef communities. In spite of their conspicuousness, 
gorgonians are rarely eaten by predators (Randall 
1967, Vermeij 1978, Bakus 1981). This observation is 
intriguing, since predation on coral reefs is intense 
(Glynn e t  al. 1972, Bakus 1964, 1971, 1981, Sammarco 
et al. 1974, Brock 1979, Sammarco 1980, Huston 1985). 

Gorgonians possess several lines of defense against 
predators, including sclerites of calcium carbonate 
(Bayer 1961), nematocysts (Barnes 1980, Hyman 1940), 
and large amounts of secondary compounds (Tursch et 
al. 1978, Fenical 1982, Faulkner 1984). Since predation 
can play an important role in the structuring of ecologi- 
cal communities (Slobodkin 1962, Paine 1966), these 
defenses may significantly affect the patterns of dis- 
tribution and abundance of gorgonians. 

A few organisms have circumvented the defenses of 
gorgonians. Perhaps the most notable of these is 
Cyphoma gibbosum, a gastropod in the family 
Ovulidae. This snail, which is common on coral reefs 
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throughout the Caribbean (Ghiselin & Wilson 1966, 
Kinzie 1971), feeds exclusively on gorgonians. 

Kinzie (1971) concluded that Cyphoma gjbbosum 
was a generalist within the order Gorgonacea, with no 
inter-specific prey preferences. Other studies suggest 
that Cyphoma gibbosum favors certain species of gor- 
gonians (Birkeland & Gregory 1975). For any given 
prey species, however, individual Cyphoma gibbosurn 
are not distributed randomly, but tend to be clumped 
into small groups (Birkeland & Gregory 1975, Hazlett & 

Bach 1982). The most dramatic examples of clumping 
are those reported by Kinzie (1971) of a group of 17 C. 
gibbosurn grazing on a single gorgonian colony, and 
the observations of Birkeland & Gregory (1975) of 
aggregations of 16, 28, and 35 individuals. 

Hazlett & Bach (1982) found that the clumped dis- 
tribution of Cyphoma gibbosum was not explained by 
colony size, or by the distance to the nearest neighbor- 
ing gorgonian colony. These authors contended that 
clumping could be produced by intercolony variation 
in the quahty of the gorgonians, as perceived by the 
snails. Hazlett & Bach suggested that these differences 
in prey quality could be the result of intraspecific 
variation in the secondary metabolite content of gorgo- 
nians. 

Variation in secondary metabolite content is well 
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documented in Plexaura homornda, an abundant gor- 
gonian on shallow Caribbean coral reefs. A single 
chemical compound, prostaglandin A? (PGA2), com- 
prises 2 to 8 %  of the wet weight of P. homomalla 
(Weinheimer & Spraggins 1969, Schneider et  al. 1977, 
Dominguez et al. 1980). Prostaglandins are fatty-acid 
derivatives with potent, hormone-like effects on a wide 
range of biological processes (Hall & Behrman 1982). 
PGA2 appears to provide P. homomalla with an effec- 
tive defense against predatory fish (Gerhart 1984a, b). 
In spite of the large amount of PGA2 in its tissues, 
however, P, homornalla is readily consumed by 
Cyphoma gibbosum (Kinzie 197 1, Gerhart 198413). 

The prostaglandin content of Plexaura homomalla 
varies from location to location within the Caribbean 
(Schneider & Morge 1971, Schneider et  al. 1977, 
Gerhart 1984b). In some areas, colonies contain 15(S)- 
PGA2, while in other locations, P. homomalla contains 
mostly the 15(R) isomer of PGA,. In several mamma- 
lian bioassays, 15(S)-PGA2 is highly potent, while 
15(R)-PGA2 possesses little or no activity (Nakano 
1968, 1969, Nakano & Kessinger 1970, Spraggins 
1972). If the activity differences of 15(R)- and 15(S)- 
PGA2 in Cyphoma gibbosum parallel those observed 
in mammals, then C. gibbosum may prefer colonies of 
Plexaura homomalla which contain the less potent 
15(R) isomer of PGA2. 

Thus, the clumped distribution of Cyphorna gib- 
bosum may occur because some prey colonies are more 
acceptable to the snails than others. If so, then snails 
transplanted to gorgonian colonies that were previ- 
ously occupied by C. gibbosum should remain longer, 
on average, than snads moved to previously vacant 
colonies. Furthermore, if differences in the acceptabil- 
ity of colonies are caused by variation in secondary 
metabolite content, this variation should be demon- 
strable by chemical analysis of the tissue. 

Alternatively, snails may choose colonies at random, 
and subsequently attract other snails to the occupied 
colony. If this is true, then Cyphoma gibbosum trans- 
planted to previously vacant colonies should remain as 
long, on average, as those moved to previously 
occupied colonies. Furthermore, consistent chemical 
differences between occupied and vacant colonies 
should not be found, and snarl-occupied gorgonians 
should be chosen more frequently than unoccupied 
gorgonian colonies. 

The latter hypothesis presumes that snails have, for 
some unknown reason, evolved gregarious behavior. 
In terrestrial insects, gregariousness is frequently 
associated with distastefulness, presumably to better 
exploit the defensive benefits of unpalatability (Fisher 
1958). Cyphoma gibbosum appears to sequester secon- 
dary chemicals from its gorgonian prey (Steudler et al. 
1977). Since many gorgonian secondary compounds 

are toxic or noxious (Tursch et al. 1978, Bakus 1981), C. 
gibbosurn also may be distasteful. If so, then gregari- 
ousness in this snail may lead to decreased susceptibil- 
ity to predation. 

To test these hypotheses, I performed a series of field 
and laboratory experiments at Curaqao, Netherlands 
Anhlles, where Plexaura homomalla reportedly con- 
tained a mixture of 15(R)- and 15(S)-PGA2 (Schneider 
& Morge 1971). The objectives of these experiments 
were: (l) to document the distribution of Cyphoma 
gibbosum on colonies of Plexaura homomalla; (2) to 
determine if snail-grazed colonies of P. homomalla 
differed significantly from ungrazed colonles in their 
size, population density, proximity to other gorgo- 
nians, or prostaglandin isomer content; (3) to deter- 
mine if colonies of P. homomalla that were previously 
chosen by C. gibbosum were more acceptable to the 
snails than colonies that had not been chosen; (4) to 
determine whether individuals of C. gibbosum 
attracted others as they grazed on their gorgonian 
prey; (5) to elucidate the role of mucous trail following 
in the production of the clumped distribution of C. 
gibbosum; (6) to determine whether C. gibbosum was 
unpalatable to predators. 

MATERIALS AND METHODS 

The study was performed at Kaap Malmeeuw and at 
CARMABI Buoy Two on the southwest coast of 
Curaqao. These locations have been described by Van 
den Hoek et al. (1978). 

Intercolony distribution of Cyphoma gibbosum. Fifty 
colonies of Plexaura homornalla were selected 
haphazardly and marked with numbered plastic tags. 
Tags were tied to a nearby piece of dead coral to 
reduce disturbance of the gorgonian. The colonies 
were examined 4 to 5 times wk-l, from September 13 
through November 7, 1983. Five additional colonies of 
P. homomalla, each occupied by at least 2 s n d s ,  were 
added to the study on September 27, 1983. All observa- 
tions were made using SCUBA. 

The following data were taken for each numbered 
colony: ( l)  the distance to the nearest neighboring 
gorgonian; (2) the distance to the nearest neighboring 
colony of Plexaura homomalla; (3) the distance to near- 
est gorgonian colony occupied by a snail; (4) the max- 
imum height of the colony. Tissue samples were col- 
lected from each colony at the end of the study and 
later analyzed by high efficiency thin-layer 
chromatography (HETLC) to determine the 15(R)- and 
15(S)-PGA2 content of the tissue (Schneider & Morge 
1971, Schneider et al. 1977, Gerhart 1984b). 

Transplant experiments with Cyphoma gibbosurn. 
During the months of October and November 1984, 54 
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colonies of Plexaura homomalla were tagged at CAR- 
MABI Buoy Two. Of these colonies, 22 were occupied 
by Cyphoma gibbosum, and the remainder were va- 
cant. At the beginning of the experiment, all snails 
were removed from the occupied colonies. Single 
snails were placed on some colonies to produce 5 
treatm.ents. In Treatment A,  12 prev~.ously occupied 
colonies were kept without snails. In Treatment B, a 
single snail was added to each of 11 colonies, all 
previously occupied. In Treatment C, 1 snail was trans- 
planted to each of 1 1  previously vacant colonies. Treat- 
ment D was comprised of 11 colonies, all previously 
vacant, which were artificially damaged on each day of 
observation by removing 1 to 2 cm2 of tissue with a 
knife. Treatment E, in which 10 previously vacant col- 
onies were left undisturbed, served as a control. The 
unique mantle markings of each snail were observed 
and recorded so that individual snails could be recog- 
nized. 

On each day of observation, the number of snails on 
a colony was noted. Colonies in Treatments B and C 
were maintained at 1 snail per colony, by adding a new 
snail to vacated colonies, and by removing colonizing 
snails if more than 1 snail was present. All colonies 
were observed 7 times. Observations were terminated 
after 9 d due to a severe, week-long storm which sub- 
jected the study site to heavy wave surge and siltation. 

Mucous trail foUowing. The following experiment 
was performed to determine whether mucous trails 
influenced the prey choices of Cyphoma gjbbosum. 

Individuals of Cyphoma gibbosum were collected 
from Plexaura flexuosa or P. homomalla and placed in 
a seawater table. A section of the original host colony 
was also collected and transferred to the seawater 
table. Two branches of equal size were cut from the 
section of gorgonian, and mounted in holders on a 
plexiglas plate. A snail was then placed on the plexi- 
glas at a point equidistant from the 2 gorgonian 
branches, and allowed to choose one of the branches. If 
the snail moved off the plexiglas without choosing 
either branch, its mucous trail was removed by grasp- 
ing it, peeling it off the plexiglas, and then rubbing off 
any adhering strands of mucous. The snail was then 
replaced at the origin and permitted to choose again. 
This process was repeated until the snail chose one 
gorgonian branch or the other. This constituted one run 
of the experiment. After the first run, a n~ucous trail led 
from the starting point to one of the 2 gorgonian 
branches. In subsequent runs, snails were placed at the 
same starting point. After 5 runs, all mucous was 
removed from the plexiglas, and the experiment was 
repeated. 

Three controls were employed. To ensure that the 
choices of the snails were not biased by their surround- 
ings, the plexiglas plate was rotated 90 degrees after 

the second run and after each subsequent run. To make 
sure that the snails were not influenced by differences 
in the gorgonian branches, the branches were 
switched between Runs 3 and 4 .  Finally, to ensure that 
choices were not biased by some inherent tendency of 
the snail to move left or right, 5 snails were allowed to 
choose several times, but their muco.us trails were 
removed from the plexiglas after each run. The direc- 
tions of the turns of each snail were recorded. 

Assay of the palatability of snail tissues. Four 
Cyphoma gibbosum were killed by chilling, and then 
dissected into sections of mantle, viscera, and foot 
muscle. Foot muscle was carefully skinned to remove 
adhering mantle and mucous glands. Sections of these 
tissues were then offered one at  a time, underwater, to 
bluehead wrasses Thalassoma bifasciatum. The 
acceptance or rejection of each piece of tissue was 
recorded. Pieces of fish, cut to the same size as the 
sections of snail tissues, were offered as a control. To 
determine whether the wrasses became satiated dur- 
ing the course of the experiment, the pieces of fish 
were offered at the beginning and end of the experi- 
ment. 

Statistical methods. All statistical tests were per- 
formed using the procedures described in Sokal & 
Rohlf (1981). 

RESULTS 

Intercolony distribution of Cyphoma gibbosum 

The distribution of Cyphoma gibbosum on the 50 
randomly selected colonies of Plexaura homomalla is 
given in Table 1. This distribution differs significantly 
from random expectation (G test for goodness-of-fit to a 
Poisson distribution; G = 6.4; P < 0.025). Multiple 
groups were observed more frequently than expected 
on the basis of chance, while single snails were 
observed less frequently. 

The average number of snails per day observed on a 

Table 1. Cyphoma gibbosum. Summary of distribution on 50 
randomly selected colonies of Plexaura homomalla. Data are 
from the 1st day of observation in 1983. Observed frequencies 
differ significantly from random expectation (0.025 > P 

> 0.01) 

Number of Observed Poisson 
snails per frequency expected 

colony frequency 

0 4 1 37.8 
1 5 10.8 
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colony during the study period was not significantly 
correlated with the size of the colony (r, = 0.208, P > 
0.05), nor was it significantly correlated with distance 
to the nearest neighboring gorgonian colony (r, = 
- 0.122, P>0.2),  distance to the nearest colony of Plex- 
aura homomalla (r, = - 0.016, P>0.2), or distance to 
the nearest colony occupied by a snail (r, = -0.188, 
P>O.l). 
AU 55 colonies of Plexaura homomalla examined in 

1983 contained only 15(S)-PGA2. Thus, snail-occupied 
colonies of P, homomalla did not differ in their PGA2 
isomer content from colonies which were unoccupied. 
Furthermore, no other qualitative differences in the 
chemical content of occupied colonies could be 
detected by the HETLC analyses (Fig. 1). This result 
was confirmed by additional sampling and analysis of 
13 snd-occupied and 45 unoccupied colonies in 1984. 

An earlier report (Gerhart 1984b) erroneously stated 

SOLVENT FRONT, 

Fig. 1. One plate from the HETLC analysis of gorgonian 
tissue. The sample in lane 2 is from a snail-occupied colony. 
Samples in other lanes are from vacant colonies. 'S' is written 
below standards of 15(S)-PGA,, while 'R' is written above 

standards of 15(R)-PGA, 

Table 2. Data and description of treatme 

that Plexaura homomafla from Curaqao contained 
15(S)-PGA2 mlxed with varylng amounts of 15(R)- 
PGA2, and that the amount of 15(R)-PGA2 seemed to 
vary clinally with depth and wave exposure. This is not 
the case. What had appeared to be 15(R)-PGA2 in 
earlier work was actually a different compound with 
TLC mobility closely approximating that of 15(R)- 
PGA2. Using slightly modified TLC conditions, this 
compound was consistently more mobile than 15(R)- 
PGA2, and gave a different color when visualized with 
10% phosphomolybdic acid in ethanol, followed by 
heating. The compound was present in all freshly col- 
lected samples of P. homomalla. 

Transplant experiments with Cyphoma gibbosum 

The movements of Cyphoma gibbosum to and from 
colonies of Plexaura homomalla are summarized in 
Table 2. The number of colonizations by C. gibbosum 
of previously vacant colonies (Treatments C, D, and E) 
was low; these frequencies of colonization did not 
differ significantly from each other (G test for inde- 
pendence, P>0.1). The number of colonizations for 
previously occupied colonies with no added snails 
(Treatment A) was somewhat higher, but did not differ 
significantly from the expected rate of colonization, 
which was calculated by combining the data for previ- 
ously vacant colonies (G test for goodness-of-fit, 
P>0.1). Previously occupied colonies with 1 added 
s n d  (Treatment B) showed a significantly higher rate 
of colonization than expected (G test, G = 9.8, 
P< 0.005). 

Some gorgonian colonies were repeatedly selected 
by Cyphoma gibbosum. In Treatment A (previously 
occupied colonies, no snails added), all 4 colonizing 
s n d s  chose the same colony. In Treatment B (previ- 
ously occupied colonies, 1 snail added), the 8 coloniz- 
ing snails were distributed over 3 colonies. 

rnts in the snail transplant experiment 

Treatment Number of Number of Number of Number of 
Colonies colonized colonizing snails leaving 

gorgonians snails the colony 

A: Previously occupied 12 1 4 
colony, no sna~ls  added 

B: Previously occupied 11 3 8 2 1 
colony, 1 snail added 

C: !+eviously vacant 11 0 0 8 
colony, 1 snail added 

D: Previously vacant 11 2 2 
colony, artificially damaged 

E: Previously vacant 10 2 2 
colony, no snalls added 
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Sixty '10 (9 of 15) of the colonizations occurred less chose the other branch. This result was significantly 
than 48 h after a previous colonization or desertion. different from random expectation, assuming an  equal 
This frequency was higher than expected by chance (G chance of choosing either branch (G test for goodness- 
test for goodness-of-fit; G = 5.2; Pc0.025). of-fit, G = 7.6, P<0.01). 

Transplanted Cyphoma gibbosum remained longer When the mucous trails were removed between runs, 
on previously vacant colonies than on previously Cyphorna gibbosum made 12 turns to the right and 13 
occupied colonies (Fig. 2; Wilcoxon 2 Sample Test; turns to the left. 
P<O.Ol).  

60 1 
PREVIOUSLY OCCUPIED COLONIES Assay of distasteful qualities of snail tissues 

U) 
J - 

40- 
U) 

b 
8 

2 0  - 

0 
1-2 3-4 5 6  7-8 2 9  DISCUSSION 

The acceptance and rejection of sections of snail 
tissue are shown in Table 3. Mantle tissue was rejected 
significantly more frequently than the control food 
items (G test, G = 19.1, PC0.005). AU pieces of fish 
were eaten, whether offered at  the beginning or the 
end of the experiment. 

LENGTH OF STAY (DAYS) 

1 1 PREVIOUSLY VACANT C 

LENGTH OF STAY (DAYS) 

Fig. 2. Cyphoma gibbosurn. Lengths of stay when trans- 
planted to (A) previously occupied colonies of Plexaura 
homomalla, (B) previously vacant colonies of P. hornomda 

Mucous trail following 

Fourteen snails were offered a choice between a 
gorgonian branch with a mucous trail leading to it, and 
another branch without a mucous trail. Twelve snails 
chose the branch with a trail leading to it, while 2 

The distribution of Cyphoma ylbbosum on colonies 
of Plexaura homomalla is not random. Rather, snails 
tend to congregate on certain colonies. This result 
confirms earlier observations that C. gibbosum is gre- 
garious (Birkeland & Gregory 1975, Hazlett & Bach 
1982). 

Cyphorna gibbosum does not favor previously 
occupied colonies over previously vacant colonies. 
Rather, the opposite appears to be true: C. gibbosum 
placed on previously occupied colonies left more 
quickly than snails transplanted to previously vacant 
colonies (Fig. 2A, B). Thus, grazing seems to decrease 
the acceptability of colonies of Plexaura homomalla to 
C. gibbosum. This decreased acceptability could be 
due to the mobilization of predation-induced defenses 
in the gorgonian, or to a decrease in the nutritive 
quality of the tissue due to grazing. The decrease in 
acceptability also may result simply from the removal 
of tissue from the colony, thus reducing the total 
amount of tissue available to each occupying snail. 
Although HETLC indicated no qualitative differences 
in grazed versus ungrazed colonies of P. homomalla, 
increases in the amount of secondary compounds can- 

Table 3. Acceptance and rejection of tissues of Cyphoma gibbosum by the bluehead wrasse Thalassoma bifasciatum. Sections of 
fish were offered as a control 

Type of Number of pellets Number of pellets Number of pellets 
tissue eaten irnmehately rejected, then eaten inspected and ignored 

Fish 15 (100 %) 0 0 
Foot 6 (100 %) 0 0 
Viscera 3 (75%) 1 (25 0'0) 0 
Mantle 4 (31%) 6 (46 I b )  3 (23 %) 
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not be ruled out, since quantitative chemical differ- 
ences between colonies could not be reliably detected 
by HETLC. 

Cyphoma gib bosun^ appears systematically to sam- 
ple newly encountered gorgonians. Snails sometimes 
make trails of regularly spaced, shallow bites on the 
gorgonians which they occupy (Fig. 3). Of the trails 
observed on 50 colonies in the field during 11 d of 
observation in 1983, over 80 O/o (13 of 16) were pro- 
duced by newly colonizing snails (Gerhart 1984b). The 
remainder were made by snails which moved to a new 
part of the gorgonian. Sampling trails were also 
observed on other species of gorgonians in the same 
area. This behavior suggests that snails routinely and 
methodically sample newly-encountered gorgonian 
tissue, perhaps to assay its quality. 

Individuals of Cyphoma gibbosum do not attract 
others as they graze upon their prey. In the snail 
transplant experiment, artificial damage (Treatment D) 

did not seem to attract snails, nor did snails appear to 
attract others by releasing a diffusible substance, since 
previously vacant colonies with added snails (Treat- 
ment C) were not colonized during the study period. 

Cyphoma gibbosum produced mucous trails in the 
field and in the laboratory. In the laboratory, these 
mucous trails strongly influenced the prey choices of 
C, gibbosum. Mucous trails also seemed to influence 
prey choices in the field; C. gibbosum frequently col- 
onized gorgonians which were recently vacated or 
occupied, suggesting that the snails could detect the 
movement of other snails on or off a colony. These 
observations suggest that C. gibbosum produces and 
follows mucous trails as it moves between gorgonians. 
A number of other marine gastropods exhibit similar 
behavior (Paine 1963, Peters 1964, Crisp 1969, Cook 
1971). 

The number of Cyphoma gibbosum encountering a 
gorgonian is therefore influenced by mucous trails 

Fig. 3. Row of evenly spaced, shallow bites made by an individual Cyphorna gibbosum as  it first occup~ed a gorgonian. The row 
of bites extends from the base o f  the colony to the snail, which can be seen half-way up the colony. Scale is in cm 



Gerhart: Gregariousness in a gorgonian-eating gastropod 26 1 

leading to the colony, while the residence time of a 
snail is influenced by the amount of prior predation on 
the colony. These 2 processes can explain several 
behavioral patterns of C. gibbosum. Assuming that the 
mucous trails are directionless, recently occupied col- 
onies would tend to be occupied by additional C. 
gibbosum, while recently vacated colonies would tend 
to be colonized by a new snail. Thus, trail-following 
can account for the observations that some gorgonian 
colonies are chronically occupied by C. gibbosum, and 
that the snails are clumped into small groups (Hazlett 
& Bach 1982). Furthermore, snails that first colonize a 
gorgonian should remain for a relatively long time, 
since the colony has not been previously grazed. Addi- 
tional snails will tend to follow the first colonizers, and 
the number of snails on the gorgonian will increase. As 
grazing continues, the acceptability of the colony will 
decrease, and snails should leave more and more 
quickly. Eventually, the rate of emigration should 
exceed the rate of colonization, and the number of 
snails on the gorgonian should decrease. Thus, the 
number of snails on a colony should increase, reach a 
plateau, and then begin to decline. Patterns of this type 
were observed in the field (Fig. 4). 

l 
I I I I I I I 

2 7 1 0  4 1 1 0  1 2 / 1 0  2 0 1  1 0  

D A T E  

Fig. 4.  Cyphoma gibbosum. Formation and dispersion of a 
group 

Although trail-following provides a mechanism by 
which snails aggregate, it does not explain why 
Cyphoma gibbosurn is gregarious. Grazing seems to 
decrease colony acceptabdity, yet snails seek out other 
snails. This suggests that gregariousness provides the 
snails with some benefit, which counter-balances the 
reduction in acceptability produced by grazing. 

One possible explanation for the gregarious 
behavior is that Cyphoma gibbosum is distasteful, and 
that gregariousness leads to decreased predation by 
effectively conditioning predators to the unpalatability 
of the snails. The connection between gregarious 
behavior and distastefulness is well known in the ter- 
restrial environment, and has been discussed for many 
years, usually in relation to kin selection (Fisher 1958). 

Km selection is unlikely in Cyphoma gibbosurn, 
since this gastropod possesses a planktonic larval 
stage (Bandel 1973). The duration of the planktonic 
phase of C. gibbosum larvae is unknown. If the larvae 
of C. gibbosum remain in the plankton even for a very 
short length of time, however, then C. gibbosum would 
rarely occur in family groups. 

Kin selection is not necessary, however, to explain 
gregariousness as a predation-reducing adaptation. 
Many coral reef predators have very restricted ranges 
(Cameron 1976). Gregariousness concentrates a 
number of snails in a small area; therefore, local pre- 
dators should be familiar with the distasteful proper- 
ties of the snails, and the mean number of attacks per 
snail should be low. If Cyphoma gibbosum were 
widely dispersed, each snail would be surrounded by 
naive predators, and the average number of attacks per 
snail would be high. Thus, gregariousness in C. gib- 
bosum could lead to decreased susceptibility to pre- 
dators. 

The mantle of Cyphoma gibbosum does appear to be 
unpalatable, since bluehead wrasses tend to reject or 
ignore sections of this tissue. The behavior of C. gib- 
bosum also suggests that the mantle provides protec- 
tion by its distasteful qualities: when handled, C. gib- 
bosum does not immediately retract its mantle, but 
keeps the mantle extended. At the same time, C. gib- 
bosurn curls its foot along the longitudinal axis, so that 
the sole is protected and only the outer surface is 
exposed. The outer part of the foot is covered with 
mantle tissue, and possesses a pattern of brown, zebra- 
style stripes on an orange background. If handling 
continues, the mantle and foot are withdrawn. 

Torn mantles were observed in some living 
Cyphoma gibbosum. These tears may have been 
inflicted during aborted attacks by predators. In 
danaine butterflies, beak marks, produced in attacks 
by birds, are found on the wings of distasteful butter- 
fhes more frequently than on those of palatable forms 
(Brower & Glazier 1975). The presence of mantle tears 
on some C. gibbosum suggests that the distasteful 
mantle can provide a defense against predators. 

The distastefulness of Cyphoma gibbosum may arise 
from the sequestering of gorgonian chemicals. C. gib- 
bosurn is known to contain gorgonian compounds in its 
tissues, although the presence of these compounds in 
the mantle of the gastropod has not yet been demon- 
strated (Steudler et al. 1977). Many gorgonian com- 
pounds are noxious or toxic, and seem to discourage 
predators (Tursch et al. 1978, Bakus 1981, Gerhart 
1984a). By sequestering these compounds, C. gib- 
bosum may derive an  effective defense from its prey. 
Other gastropods also sequester the secondary 
metabolites of their prey, apparently for defensive pur- 
poses (Faulkner & Ghiselin 1983). 
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The mantle of Cyphoma gibbosum is conspicuously 
colored (Bandel 1973, Hazlett & Bach 1982). The dis- 
tasteful qualities of the mantle suggest that these 
bright colors may serve an aposematic function. 

Gregariousness in Cyphoma gibbosum also may be a 
mechanism to provide access to mates. Ghiselin & 

Wilson (1966) stated that individuals of C. gibbosum 
frequently were found in pairs, and hypothesized that 
these pairs formed to allow copulation to take place. If 
so, then pairs of C. gibbosum should consist of 1 male 
and 1 female gastropod more frequently than expected 
by chance. At present, data on the sex ratios of C. 
gibbosum have not been gathered. Birkeland & Gre- 
gory (1975) also noted that single individuals of C. 
gibbosum were observed less frequently than 
expected, and suggested that the drive to mate could 
cause C. gibbosum to aggregate into small groups. In 
Curaqao, I frequently observed copulating pairs of 
snails and the egg masses of C. gibbosum on snail- 
occupied gorgonians. Thus, the search for mates could 
explain the gregarious tendencies of C. gibbosum. 

Although unpalatability and access to mates provide 
2 explanations for gregariousness in Cyphoma gib- 
bosun, other explanations cannot be ruled out. Trail- 
following could increase the chance of finding an 
acceptable colony, since a time period of several days 
or weeks may be required before a colony is rendered 
unacceptable. Mucous trail following also may allow 
C. gibbosum to find gorgonians more quickly, perhaps 
thus decreasing the energy expenditure of the gas- 
tropod, or reducing its exposure to predators. Other 
plausible hypotheses exist. Further research must be 
performed to determine the benefits of gregariousness 
in C. gibbosum. 

Colonial marine invertebrates and their predators 
possess important parallels to terrestrial plant-herbi- 
vore interactions. In both systems, the capacity for 
regeneration in the prey, and the relatively slow rate of 
grazing of the predators, allows the predators to graze 
without usually killing their victims. In both systems, 
the prey are hlghly 'apparent' (Rhoades & Cates 1976), 
long-lived relative to the predator, and protected by 
large concentrations of secondary compounds, as well 
as other defenses. Cyphoma gibbosum and other 
marine predators, especially opisthobranch and ovulid 
gastropods, appear frequently to parallel insect herbi- 
vores in their adaptations and behavior. The monarch 
butterfly Danaus plexippus is gregarious, distasteful, 
aposematically colored, and capable of sequestering 
noxious compounds from its prey (Brower & Glazier 
1975). The same suite of traits may have evolved in C. 
gibbosum. This may be more than a coincidence. The 
continued study of colonial marine invertebrates and 
their gastropod predators, and the comparison of them 
with terrestrial plant-herbivore intera&ons, may pro- 

duce new insight into the ecology and evolution of 
predator-prey interactions. 
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