CRUSTACEAN DEFENSE OF HOST POCILLOPORID CORALS
AGAINST PREDATION BY DRUPELLA CORNUS, A
CORALLIVOROUS SNAIL IN MO’OREA, FRENCH POLYNESIA
KATHERINE J. HENDRICKSON
Integrative Biology, University of California, Berkeley, California 94720 USA
Abstract. Obligate exosymbionts of pocilloporid corals, specifically crabs of the genus
Trapezia and alpheid snapping shrimp, defend their hosts from echinoderm predation.
This study examines the defensive capabilities of Trapezia serenei and Alpheus lottini, two
common exosymbionts of corals in Mo’orea. Corals containing both exosymbiont species,
each species individually, and no exosymbionts were fed to the corallivorous snail
Drupella cornus in a series of lab trials. The 4 treatment groups were analyzed for
differences in scarred coral area and snail behavior. The presence of either exosymbiont
reduced Drupella predation relative to the control treatment, but defensive abilities
differed between the two species. Only the presence of both exosymbionts significantly
reduced coral consumption relative to the control treatments, implying multiple
exosymbionts are necessary for effective defense against corallivores. The frequency of
Drupella predation in the presence of both exosymbionts was significantly lower than
with undefended corals. A potential synergistic effect on defense by the two species is
examined. The protection of host corals by multiple exosymbionts is of great ecological
consequence as corals are threatened worldwide.
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lottini, Drupella cornus, Pocillopora sp., crustacean guard, predation
INTRODUCTION
Coral reefs are one of the most complex
and productive ecosystems on the planet,
supporting a large number of species from
numerous taxonomic groups. Many species
are
inter-connected
through
ecological
processes that help form and maintain the
ecosystem. This complex web of interactions
helps add stability and diversity to the entire
ecosystem (Hoegh-Guldberg 1999). The
occurrence of symbiosis in reefs helps
generate high biological diversity as species
reciprocally exploit or facilitate each other.
This fundamental and often long-lasting
association between two different species
provides a foundation for evolution over time,
particularly evident in symbiotic mutualisms.
The delicate mutualism between coral and
algae allows Scleractinian corals to physically
construct a reef, providing home to an array of
other marine organisms (Rotjan and Lewis
2008). Many crustaceans have evolved
symbiotic relationships with corals. Fossils
from the Eocene epoch show crabs to be
present among corals, proving this symbiotic
relationship to be long-lasting and allowing
for successful co-evolution of these groups
(Schweitzer 2005).

Many natural and anthropogenic stressors
currently threaten coral reefs worldwide.
Some well-documented stressors include over
fishing, rising sea temperature from climate
change, disease, and pollution (HoeghGuldberg 1999). Corallivory, or consumption
of live coral tissue, is a biotic stressor with the
potential to cause significant coral mortality
when in combination with other stressors
(Rotjan and Lewis 2008, Kita et al. 2005).
There are corallivores in many taxonomic
groups,
including
fish,
echinoderms,
crustaceans, annelids, and mollusks (Rotjan
and Lewis 2008). Two large echinoderm
corallivores present in Mo’orea are the crownof-thorns starfish Acanthaster planci (Linnaeus,
1758) and the cushion star Culcita novaeguineae
Muller & Troschell, 1842. A. planci is wellknown for consuming large volumes of coral
and occasionally decimates entire reefs during
population outbreaks (Rotjan and Lewis 2008,
Birkeland and Lucas 1990). Another
corallivore in the Indo-Pacific region are
marine gastropod snails of the genus Drupella,
which are much smaller in comparison (shell
length up to 5cm) to either corallivore
mentioned
earlier.
These
snails
also
periodically aggregate in large numbers and
have caused widespread coral mortality on
particular reefs throughout the Indo-West

Pacific region (Morton and Blackmore 2008).
The degree of damage and biological impact
on corals from Drupella corallivory is similar
to that from A. planci (Turner 1993). Although
population outbreaks of Drupella sp. have
been linked to heavy rainfall or hurricanes,
overabundance of nutrients, increased water
temperature,
and
disease,
the
exact
mechanism is not well understood (Kita et al.
2005). Baker et al. (2008) suggest that injured
corals release products that concentrate these
predatory snails and cause local coral
mortality.
Pocilloporid
corals
host
obligate
exosymbiotic
crustaceans
that
provide
valuable functions to their host, including
cleansing and defense against echinoderm
attacks (Glynn 1976, 1983). The coral branches
provide a physical refuge for trapeziid crabs
and alpheid shrimp, which in turn feed on
excess mucus polyps the corals produce
(Stimson 1990).
Trapeziid crabs remove
deleterious sediment particles off the coral
branches and many corals would die in the
absence of this service (Stewart et al. 2006).
Trapeziid crabs alter feeding preferences of A.
planci and reduce the damage their host coral
suffers from an attack (Pratchett 2001).
Trapezia spp. crabs and the snapping shrimp
Alpheus lottini Guerin-Meneville, 1829 detect
an oncoming predator like A. planci by
chemical cues (Glynn 1980) and display
defensive behavior like pinching and breaking
spines (Glynn 1976). Some trapeziid crabs and
A. lottini also help defend their host corals
from C. novaeguineae (McKeon et al. in review).
The appendages involved in aggressive
behavior in obligate crustaceans are large in
comparison to those on related free-living
species (Patton 1994).
This study examines whether the crab
Trapezia serenei Odinetz, 1984 and the shrimp
Alpheus lottini, common exosymbionts of
Pocilloporid corals in Mo’orea, French
Polynesia, are capable of defending their host
coral from the snail Drupella cornus (Roding,
1798). The crabs and shrimp should display
similar defensive behavior and reduce the
coral damage from Drupella as is similarly
documented for echinoderm corallivores, and
laboratory experiments will be conducted to
test this hypothesis. A potential synergistic
relationship between these two crustaceans on
coral defense will also be examined. In theory,
the health of corals should incorporate the
defense against natural predators by
exosymbionts living among their branches.

METHODS
Study site
This study was conducted in October and
November of 2009 on the island of Mo’orea
(Figure 1), a part of the Society Island
Archipelago in the South Pacific (French
Polynesia). Mo’orea is located 17 kilometers
northwest of the island of Tahiti, the easternmost Society Island.

Mo’orea

Figure 1. Island of Mo’orea and zoom in of
Cook’s Bay showing Gump Lab. Darker grey
indicates reef zone and symbols indicate
collection sites
Study organisms
The particular coral exosymbionts used in
this study were Trapezia serenei (Figure 2) and
Alpheus lottini (Figure 3). Fourteen species of
the genus Trapezia are found in French
Polynesia, out of approximately 20 worldwide
(Poupin 2006). The crabs often inhabit the
coral branches in an adult male-female
breeding pair, and there may be multiple pairs
of different species of Trapezia coexisting on
the same coral colony. Adult trapeziid crabs
will only tolerate conspecifics if they are much
smaller
in
size.
There
are
many
morphologically similar crabs of the genus
Trapezia that are only distinguishable by color
(Patton 1994), and Trapezia serenei has a
distinct pink coloration. There are two color
morphs of Alpheus lottini in Mo’orea; one is a
bright reddish-orange, while the other is a

Figure 3. Alpheus lottini
Figure 2. Trapezia serenei

Photo used with permission:
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creamy-grey. Both color morphs have
distinguishable white eyes, spotted claws, and
assymetrical claws. These shrimp also
associate in male-female pairs (Gotelli and
Abele 1983). The formation of these strict crab
and shrimp pairs may also result from one
individual excluding another of the same sex
(Patton 1994). These particular crustaceans
were for chosen for this study because they
are the most conspicuous exosymbionts and
are commonly found coexisting on Pocillopora
colonies in Mo’orea.
Two species of Pocillopora, P. verrucosa
(Ellis & Solander, 1786) and P. meandrina Dana,
1846, were chosen as coral hosts for this study.
These species were selected given their high
abundance in the barrier reef of Mo’orea. They
are morphologically similar and both
commonly hosted the symbiont crustacean
pairs that I wished to observe.
Drupella cornus was chosen for this
experiment given the lack of studies of
symbiont crustacean defense against this
corallivore. It consumes substantially less live
coral tissue than the two echinoderm
corallivores mentioned earlier, and thus small
coral colonies could be used in the feeding
experiment.

with sufficient water flow to maintain the
health of the corals. The corals were handled
as little as possible throughout the experiment
so as to prevent damage, and were only taken
out of the water for long enough to remove all
undesirable symbionts with a skewer. These
symbionts were immediately returned to their
original coral host and were together returned
to the lagoon after the experiment was
complete.
Approximately 25 Drupella cornus snails in
total were collected from inside the barrier
reef east of Cook’s Bay (same location as
corals) and from the forereef west of Cook’s
Bay (17°28'31.91''S, 149°50'28.86''W, see Figure
2) over the course of a week, often from
unhealthy Pocillopora sp. coral colonies. They
ranged from 31-35 mm in length and were all
kept in a 135 Liter glass aquarium with
sufficient water flow for the entirety of the
experiment. Two snails that had been starved
for a minimum of 3 days were randomly
chosen for each experimental trial. After the
snails used in any trial had been starved for 3
days, they would be returned to the greater
population and potentially used again later.

Collection and care of organisms

Feeding experiments

Roughly hemispherical Pocillopora spp.
coral colonies were collected from the barrier
reef east of Avaroa Pass (approximately
17°28'27.36''S, 149°48'54.65''W, see Figure 2).
Appropriate colonies, 13-20 cm in diameter,
were selected that had the desirable species
naturally occurring among their branches.
Corals were collected either by kayak or boat
and transported in a cooler or bucket full of
seawater back to the Gump Wet Laboratory.
They were then immediately placed in big
circular flow-through seawater holding tanks

Coral
colonies
hosting
different
crustaceans were fed to Drupella cornus to
compare their relative defensive efficacies. The
four treatment groups were: 1) No
exosymbionts, 2) pair of Alpheus lottini only, 3)
pair of Trapezia serenei only, and 4) pair of
Alpheus lottini and pair of Trapezia serenei.
Coral colonies were individually placed in
large circular seawater tubs (diameter=1.3m,
water depth=0.75m) at around 6pm and two
snails were placed side-by-side 5 inches away
from the base of the colony. The snails were

removed the following day at 5pm (23 hours
later) and the position of each snail and the
surface area of coral consumed were
documented for each treatment. The feeding
scars were photographed with a scale present
and later analyzed in the program “ImageJ” to
determine the surface area of coral consumed.
Data analysis
The program JMP 5.1 will be used for
statistical analyses. Surface area of coral
consumed in each treatment will be tested for
statistical significance against the control
treatment (no crustaceans present) and all
other treatments using a one-way analysis of
variance (ANOVA) and the Tukey-Kramer
test. A two-way ANOVA will also be used to
test for a possible interaction between species.
To evaluate whether the interaction between
the two different exosymbiont species
influenced their combined defensive ability,
meaning are the effects of both exosymbionts
independent/additive,
synergistic,
or
inhibitory, the equation for emergent
“multiple defender effects” (McKeon et al. in
review), adapted from Soluk and Collins
(1988) test for multiple predator effects, will be
used.
A Chi-square test will be used to analyze
the difference in locations of all snails
observed in each of the four experimental
treatment groups, to see if their behavior was
significantly altered by the presence of any
particular exosymbiont species.

overall trend between the four coral
treatments is even more pronounced (Table 1)
The results of a 2-way ANOVA show T.
serenei to be the significant crustacean guard
(F=9.15, p=0.008) in this experiment, whereas
A. lottini plays a much less important
defensive role (F=1.12, p=0.31). Corals
containing Trapezia serenei had an average scar
area 1.11 cm2 while those with Alpheus lottini
had an average scar area 3.40 cm2, but the
difference was not statistically significant
(p=0.523). Nonetheless, T. serenei appears to
provide greater defense to the coral than A.
lottini. The 2-way ANOVA also showed no
significant interaction between the two species
(F=0.04, p=0.845).
The average value of coral consumed in
the treatment with both exosymbionts (0.10
cm2) is less than would be expected (0.77 cm2)
given their individual defensive capabilities,
suggesting a potentially synergistic effect on
defense.
Snail behavior
Corals with both exosymbiont species
present were less likely to be fed upon by
Drupella than corals with no exosymbionts.
Only one out of the ten total snails was found
on the corals hosting both T. serenei and A.
lottini, whereas 50% of snails chose to feed on
the undefended Pocillopora colonies. The
Likelihood Ratio test shows snail behavior to
be just barely significantly different between
treatments (X2=7.77, p=0.051).

RESULTS

DISCUSSION

Coral consumption experiments

The results of this study show that
pocilloporid corals benefit from housing
exosymbiont guard crustaceans, particularly
trapeziid crabs and alpheid snapping shrimp,
as they help defend against the corallivore
Drupella cornus. Previous studies similarly
demonstrate the defensive capabilities of
exosymbionts
against
echinoderm
corallivores. The corals containing at least one
exosymbiont species showed an overall
reduction in area of coral consumed by
Drupella compared to the corals containing no
exosymbionts. The presence of both Trapezia
serenei and Alpheus lottini significantly reduced
the area of coral consumed relative to the
control. The presence of either exosymbiont
species alone also reduced coral consumption
relative to the control, but not significantly.
This implies that corals must house multiple

The experimental treatments containing
exosymbionts showed an overall reduction in
surface area of coral consumed by Drupella
(Figure 4) compared to those lacking
exosymbionts. A one-way ANOVA shows a
significant difference between the four
treatments (F=3.44, p=0.042). However, the
results of the Tukey-Kramer test show that
only the presence of both exosymbionts
significantly reduced the area of coral
consumed by Drupella relative to the control
treatments (p=0.048). No other treatments
showed significant differences from the
control treatment. No exosymbiont treatment
was significant from any other exosymbiont
treatment. When averages are computed that
exclude the non-feeding events (zeros), the

Figure 4. Average scar size on Pocillopora sp. coral by 2 snails in feeding experiments with 4
different exosymbiont treatments (T. serenei and A. lottini, T. serenei alone, A. lottini alone,
and none). Stars indicate statistical significance (p<0.05) between treatments and error bars
show one standard error.
exosymbionts for effective defense against
corallivores such as Drupella.
T. serenei proved to be a better defender
than A. lottini and played the significant
defense role in this experiment, which is in
agreement with previous studies. There was
no significant interaction between the two
species, and thus we expect their combined
defensive capability to be an additive
measure. However, given the expected value
for coral damage was slightly higher than the
actual value for the treatments with both
exosymbionts, this suggests a non-additive
and potentially synergistic effect (better than
expected). One possible explanation is the
loud snapping noise of A. lottini helps warn T.
serenei of an approaching predator. This
would potentially increase the defensive
efficacy of the crab while both exosymbionts
still maintained their independent defensive
abilities, resulting in a slight synergistic effect.
Vannini (1985) suggests that trapeziid crabs
could exploit the loud snapping noise made
by A. lottini as a warning for predators to help
defend its host coral. This may explain why
trapeziid crabs tolerate the presence of alpheid
shrimp despite their competition for food and

shelter among the coral branches.
The
presence of both species in such a limited
space and the lack of aggression between
them imply defending the entire coral colony
is a shared effort (Lassig 1977).
McKeon et al. conducted a study on
synergistic coral defense by crustaceans (in
review) and found corals benefit from hosting
multiple exosymbiont species, in part due to
the variation in defensive efficacy of different
species. McKeon suggests that the different
defense mechanisms utilized by Trapezia
serenei and Alpheus lottini allow them to
provide complimentary benefits to their host.
Glynn (1987) also notes differences in their
defensive behaviors, for while both species are
known to snap and pinch, T. serenei has a
greater repertoire of defensive behaviors
including jerking, lurching, mounting, and
pushing.
In addition to reducing the amount of coral
consumption in the feeding events, the
presence of both exosymbiont species also
significantly deterred Drupella from these
coral treatments altogether compared to the
control. This implies that for effective defense,

Total surface area (cm2) of bleached coral in each treatment
Replicate #

T. serenei pair

A. lottini pair

Empty

1

T. serenei pair +
A. lottini pair
0

0

5.95

7.36

2

0.49

1.21

3.29

7.25

3

0

1.83

5.02

0

4

0

2.49

0

0

5

0

0

2.76

9.76

Mean

0.10

1.11

3.40

4.87

Mean (excluding 0.49
1.84
4.26
8.12
zero’s)
Table 1. Total surface area of scarred Pocillopora sp. coral by 2 snails in feeding experiments
with 4 different exosymbiont treatments (T. serenei and A. lottini, T. serenei alone, A. lottini
alone, and none). Multiple photos were used to calculate these numbers. Means including and
excluding non-feeding events also computed.
exosymbionts must influence the prey
selection as well as feeding behavior of
corallivores. The non-feeding events help
explain the lack of significance between the
different treatment groups, for when the zeros
are excluded the overall trend is even more
pronounced (Table 1). It is likely that a greater
number of replicates would reveal significant
differences
between
Drupella
feeding
occurrences in the four treatment groups used
in this experiment. Morton and Blackmore
(2008) describe Drupella cornus as an
“opportunistic” corallivore of stressed corals
able to modify its feeding strategy to suit what
coral prey is currently available to them. The
results of my study highlight this adaptive
behavior of Drupella, as some individuals fed
on corals containing exosymbionts whereas
others chose to avoid empty corals.
Although the results of this study and
others show the presence of just two different
crustacean guard species provides defense
against corallivores, this represents a
simplified model of the greater coralcrustacean symbiotic system. Increasing
numbers of guard crustaceans (A. lottini and
multiple trapeziid crab species) are positively
correlated with resistance to sea star predation
(Glynn 1987), and thus more than two species
may be needed for effective defense against
corallivores. Up to four or five species of
trapeziid crabs and an alpheid shrimp pair
may inhabit a single, large, healthy
Pocilloporid coral colony. Future studies are
needed to elucidate the precise defensive role
of each exosymbiont species independently
and the collective defensive abilities of
different combinations of species. This will
help clarify additive, synergistic, or inhibitory

effects, as well as density-driven processes
affecting
resource
competition
among
exosymbionts.
Coral mortality caused by corallivory can
have long-term ecological ramifications
despite the protection afforded by multiple
coral
guard
crustaceans.
Obligate
exosymbiotic crustaceans leave corals and
often die when their food source disappears,
further
attracting
and
concentrating
corallivores (Baker et al. 2008). Corals may
regenerate small areas of tissue damage while
suppressing growth and reproduction, but
may never fully recover from significant tissue
damage and eventually be overgrown by
algae (Rotjan and Lewis 2008, Baker et al.
2008). Therefore, the amount of coral tissue
consumed by a marine snail or an echinoderm
is important as it impacts future coral
regeneration rates.
This study shows that the diversity and
actions of coral mutualists may have farreaching
implications
in
the
marine
environment. Corals are the foundation of
tropical marine habitats and provide many
valuable resources to humans, and thus we
must strive to understand some fundamental
ecological processes driving their persistence.
The relationship between exosymbiont
protection of corals, corallivory, and the
overall health of a reef is dynamic and
constantly fluctuating.
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