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Abstract—As sessile marine organisms, soft corals may use chemical or/and physical factors of defense
against fish predators for their survival and growth. In Vietnam, corals of the speciose genus Sarcophyton are
abundant on reefs. However, little is known about their defensive traits and strategies. In the study of feeding
deterrence, experiments in the field and in an aquarium were conducted using only crude extract, only scler-
ites, and a mixture of both from Sarcophyton cinereum, S. glaucum, S. serenei, S. trocheliophorum and Sarco-
phyton sp. For all species, pellets containing a mixture of crude extract and sclerites were consumed by reef
fishes from 0.8 to 14.6% (in the field, F) and from 0.3 to 13.3% (in aquarium, A); crude extract was consumed
from 5.2 to 42.6% (F) and from 7.4 to 64.0% (A); and sclerites were consumed from 34.6 to 100% (F) and
from 30 to 83.3% (A). The consumption of pellets containing S. serenei sclerites was significantly reduced
both in the field assays with reef fishes and in the aquarium assays with the moon wrasse Thalassoma lunare
(P <0.05), which showed sclerites as a dominant physical factor in the S. serenei feeding deterrence. Overall,
in Sarcophyton soft corals, the effect of fish predation prevention was most pronounced in the combination
of both chemical and physical defense factors, followed by the chemical and then the physical factor alone.
Hence, both chemical and physical factors of defense against predation may contribute to the Sarcophyton

abundance on reefs.
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INTRODUCTION

In coral reef assemblages, soft corals (Octocorallia,
Alcyonacea) influence productivity and also provide a
food supply and habitat for other organisms [12]. They
represent major components of the sessile benthos
contributing to the diversity of tropical reef communi-
ties [11, 13, 39] including those inhabiting the South
China Sea [5, 9, 17]. Like many other sessile marine
organisms including sponges, zooanthids, and hard
corals, soft corals often produce numerous bioactive
substances for their protection that provide deterrence
of predators and parasites, inhibition of pathogenic
microorganisms’ growth [21], anti-fouling action [8,
23], or advantage in space competition [1, 32, 33].
Some soft corals such as Sinularia polydactyla, Sarco-
phyton ehrenbergi, Rhytisma fulvum fulvum, Heteroxe-
nia ghadargensis, and Xenia crenata have been found
to use secondary metabolites to defend themselves
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against carnivorous fish predators [3, 4, 16, 19, 36, 37,
39]. Other species, including Sinularia compressa,
S. kavarattiensis, and S. candidula, may utilize their
bioactive compounds to prevent fouling on their sur-
faces or to protect their organisms from viral infections
[2, 6, 23]. Therefore, the conspicuous richness of
chemical defense factors in soft corals may contribute
to their invasive potential and ability to occupy space
on reefs [13, 22, 29].

In contrast to the strong structural skeleton in hard
corals, tissues of most soft corals contain small scler-
ites embedded in the coenenchyme. Some studies sug-
gest that the density, shape, and size of sclerites in soft
corals may contribute to the deterrence of predators
[28, 31, 37]. On the other hand, predatory reef fish
were not found to be deterred from feeding on the soft
coral Rhytisma fulvum fulvum although its sclerites
make up about 80% of tissue dry weight [19]. Also,
another study showed that the predation of reef fish
was not affected even by a double natural concentra-
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tion of sclerites in Ovabunda crenata [16]. Therefore,
the role of sclerites as a factor of defense against pred-
ators is still not clear and remains controversial.

In Vietnam, soft corals are represented by approxi-
mately 200 species from 45 genera and 14 families [17].
The highest their biodiversity is distributed in the Nha
Trang Marine Protected Area (MPA) (142 species),
the Ly Son MPA (60 species), and the Cu Lao Cham
(CLC) MPA (45 species). Nevertheless, the highest
coverage values of soft corals with a major contribu-
tion of the genus Sarcophyton were recorded from the
CLC MPA [18]. It is possible that an efficient defense
against fish predation could contribute to this success.
However, there is a lack of experimental data to con-
firm or reject this role.

This paper presents the results of the predation
deterrence experiments in the field and in an aquar-
ium using feed pellets containing crude extracts
and/or sclerites from five Sarcophyton species com-
mon in Vietnam.

MATERIALS AND METHODS
Study Area

The CLC MPA is located in the coastal waters of
central Vietnam (15°55” N, 108°28" E). The CLC
MPA was established in 2005 and then became the
core zone of the UNESCO Hoi An-Cu Lao Cham
Biosphere Reserve in 2009. According to Hoang and
Thai [18], coral reefs there support 45 taxa of soft cor-
als in 13 genera and 7 families. The coverage of soft
coral ranges from 7.7 + 3.4 to 40.3 + 7.7% with an
average of 21.2 + 7.0% [18]. The genus Sarcophyton is
a major contributor, with its coverage on reefs reach-
ing 30%.

Sample Collection

Three replicate samples of five Sarcophyton species—
Sarcophyton cinereum, S. glaucum, S. serenei, S. tro-
cheliophorum, and Sarcophyton sp. were collected by
SCUBA diving from a depth of 3—10 m in the CLC
MPA. Each sample was 0.5—1.4 kg wet weight. After
collection, the samples were transported to the labora-
tory, where the volume was calculated using water dis-
placement. A subsample of each sample was fixed in
70% ethanol for morphological identification.

Extraction

At the first step, a fresh sample (whole colony) was
immersed in 1000 mL ethyl acetate at room tempera-
ture for 24 h [22]. The obtained crude extract was fil-
tered through a paper filter, and the solvent was
removed on a rotary evaporator. The extracted coral
tissue was stored in a freezer at —20°C until further
processing. After being extracted in the first step, the
sample was cut into small cubic pieces (about
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0.5 cm?), then immersed into a mixture of dichloro-
methane (DCM) and methanol (MeOH) (1 : 1 v/v),
and left for 24 h at room temperature [39]. This second
crude extract was also filtered through filter paper, and
the solvent was evaporated until drying out. The crude
extract after the 1st and 2nd steps was combined,
weighed, and kept at —20°C for the preparation of feed
pellets. The natural concentration of the crude extract
was estimated on the basis of the volumes of the coral
samples, which were 20, 27, 23, 16, and 23 mg/mL for
S. cinereum, S. glaucum, S. serenei, S. trocheliophorum,
and Sarcophyton sp., respectively. These were used as a
reference for making the feed pellets.

Sclerites Preparation

Each colony of the Sarcophyton soft corals was cut
into several small pieces and immersed in 12% sodium
hypochlorite for 12 h two or three times to remove soft
tissue. Collected sclerites were rinsed 3 times with dis-
tilled water, dried at 80°C until complete drying out,
and weighted. The natural concentration of sclerites
was estimated by dividing the dry weight of sclerites by
the volume of the colony: 180, 70, 420, 70, and
10 mg/mL, respectively, for S. cinereum, S. glaucum,
S. serenei, S. trocheliophorum, and Sarcophyton sp.

Food Preparation

Feed pellets for the field assay were prepared
according to Pawlik and Fenical [27] and Hoang et al.
[16] with some modifications. A mixture of 30 mL dis-
tilled water, 1.30 g Phytagel (Sigma-Aldrich), and
1.38 g squid powder (cuttlefish Sepia aculeata,
cleaned, freeze-dried, and ground into powder) were
stirred up well and boiled for 5 min, then cooled to
40°C or lower. The crude extract of soft corals dis-
solved in ethanol and/or soft coral sclerites was added
at the natural concentration and mixed well (0.7 mL of
S. cinereum; 1.0 mL of S. glaucum, 1.9 mL of S. serenei,
0.6 mL of S. trocheliophorum, and 0.8 mL of Sarcophy-
ton sp.). The viscous material was poured into a plastic
mold with a 1 mm? mesh mosquito net. After the
matrix cooled to room temperature, the solidified gel
was removed from the mold, cut into small pieces of
the same size, and weighed. Feed pellets for the aquar-
ium experiment were prepared according to Pawlik
et al. [26]. The ethanolic crude extract was mixed well
with 0.3 g alginic acid (Sigma-Aldrich), 0.5 g pow-
dered squid, and distilled water to reach the final vol-
ume of 10 mL. The mixture was loaded into a 10 mL-
syringe and expelled slowly into a 0.25 M CacCl, solu-
tion to form a “noodle” food material. After rinsing
with seawater, the “noodle” was cut into pieces of
about 3 mm in length and 1 mm in diameter for the
feeding experiment. The feed pellets containing the
original concentration of sclerites and the diluted
extracts (50 and 25% of the natural extract concentra-
tion) were prepared for testing the antipredator effec-
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tiveness of sclerites. The control pellets were prepared
in the same way as the treatment pellets, but without
the crude extract and/or sclerites and with the same
amount of ethanol.

Field Assay

The field assay was conducted at the same sam-
pling place of the reef in the CLC MPA. Feed pellets
were suspended on a vertical fishing line with a buoy at
one end and weight at the nother end in the reef. The
feed pellets were distributed as a pair of one pellet con-
taining crude extract and/or sclerites and the other
control (containing ethanol only) in each hanging
position of the line. For each experiment (n = 3), three
pellets were made, resulting in a total of nine pellets
(replicate and sub-replicate) for each species. Reef
fishes feeding on the feed pellets were observed by
SCUBA divers from a distance of 4 m. The line was
collected if either control or treatment pellets were
eaten, or after 3 h. After each field bioassay, the
remaining feed pellets were weighted to determine the
amount consumed. Unused treatment pellets were re-
extracted to determine whether they retained the nat-
ural concentration of crude extracts or if the concen-
tration of crude extract decreased due to degradation
or leaching. The results showed that the natural con-
centration of crude extract in the feed pellets was not
lost after the field bioassay.

Aquarium Experiment

The feeding choice assay was conducted in the
Department of Aquaculture Technology, Institute of
Oceanography, Vietnam Academy of Science and
Technology. The moon wrasse Thalassoma lunare was
selected for the aquarium assay because it is a com-
mon species in the region and a well-known generalist
feeder preying on benthic invertebrates such as soft
coral [30]. Each fish (» = 10, with 12—15 cm in total
length, collected from the CLC MPA) was placed in a
tank filled with 40 L of seawater at 25°C and exposed to a
12 hlight : 12 h dark cycle. The fish were fed artificial fish
feed every day at 9:00 a.m. After two weeks of acclimati-
zation to the new tank, the fish were adapted to feeding
on control feed pellets for one week.

In each test, moon wrasse were offered a control
pellet and then, if they ate, one treatment pellet (con-
taining crude extract, sclerites, or both). The feed test
was conducted by feeding the fish alternately control
and treatment pellets. In case the fish ignored the
treatment pellet, another control pellet was offered in
order to discriminate between the deterrence of the
treatment pellet and satiation. A pellet was considered
“rejected” when it was ignored, spit out, or the fish
swam away from it and consumed a control pellet
thereafter. The feed trials were repeated with each Sar-
cophyton species (n = 3) by using 10 control and 10
treatment pellets, resulting in a total of 60 pellets, and
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the number of consumed or rejected pellets was
counted.

Experiments were conducted from 9:00 to 11:00
AM for eight weeks. Different treatment pellets were
tested on different days and repeated for each fish,
with a 3- to 5-day rest between each test. In all, over
660 trials were conducted.

Data Analysis

The feeding deterrence in the field and aquarium
assay was assessed by pairwise comparison of the con-
sumption rates for control and treated pellets using the
paired #-test. The discrimination between control and
treated pellets was tested by the Fisher’s exact test for
each soft coral species independently. Since fish may
have learning ability, the statistical evaluation of the
extract deterrence was based solely on the acceptance
or rejection of the first treated pellet according to
Hoang et al. [16].

RESULTS

In the field, food pellets were observed to be eaten
mostly by wrasses (Labridae), damselfishes (Poma-
centridae), triggerfishes (Balistidae), and groupers
(Serranidae), which are common reef fishes in the
area. The proportion of pellets consumed varied
depending on the tretment pellets and the soft coral
species.

As shown in Fig. 1, the proportion of consumed
pellets containing only crude extracts at a natural con-
centration varied among five Sarcophyton species
(5.2—42.6%). Except for S. serenei, those from four
species showed a significant difference (p < 0.05) vs.
control.

While almost all pellets containing a natural con-
centration of sclerites from the four soft coral species
(S. cinereum, S. glaucum, S. trocheliophorum, and Sar-
cophyton sp.) were consumed by the reef fishes
(Fig. 2), only 34.6 £ 9.2% (mean * SF) of pellets con-
taining S. serenei sclerites was eaten (p < 0.05).

Pellets containing a mixture of crude extract and
sclerites at a natural concentration (0.8—14.6%) were
consumed to a significantly lesser extent by reef fishes
(Fig. 3) (p <0.05).

Similarly, the ratio of pellets consumed by moon
wrasse in the aquarium experiment also varied
depending on the treatment pellets and the soft coral
species (Fig. 4). The pellets containing crude extracts
were consumed in a range of 7.4—64.1%, showing a
significant difference vs. control for all the Sarcophy-
ton species (Fisher’s exact test, p < 0.05), except
S. serenei (p > 0.05). On the other hand, the pellets
containing only sclerites were consumed at 30—83.3%
as compared to the controls, but this effect was only
significant for S. serenei (p < 0.05). However, the pel-
lets containing a mixture of crude extract and sclerites
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Fig. 1. Proportion (%) of pellets containing only the crude
extract from five soft coral species consumed by reef fishes
compared to that of control pellets in the field experiment;
* significant difference (p < 0.05) vs. control.

were consumed to a significantly lesser extent than the
control ones for all five Sarcophyton species (p < 0.05).
The result indicated that a mixture of crude extract
and sclerites of Sarcophyton soft coral showed the
strongest antipredator effect, at least at natural con-
centration, in both the field and aquarium experi-
ments.

Further, the deterrent effect decreased with
decreasing crude extract concentration and at the
same natural concentration of sclerites for all five Sar-
cophyton species (Fig. 5). The proportion of these
treatment pellets consumed by moon wrasse was sig-
nificantly different vs. control (p < 0.05) for the five
species.

DISCUSSION

In the present study, the crude extract from four
(out of five) Sarcophyton species showed the feeding
deterrence effect in both the field assays with reef
fishes and the aquarium assays with moon wrasse,
T. lunare. Several studies have found that the crude
extract from Octocorallia plays an important role in
the defense factors against fish predators in tropical
Pacific waters [14, 15, 35], in the Red Sea [16, 19], the
Caribbean [13], and other regions [1, 24]. The result of
the experiments with pellets containing a mixture of
crude extract and sclerites at a natural concentration
has clearly indicated that in the Sarcophyton species
this combination of factors protected the corals from
reef fishes more effectively than the crude extract or
sclerites alone. This may explain why Sarcophyton, a
potential food supply for reef fishes, is rarely con-
sumed by them [3], although fish predators are abun-
dant in Cu Lao Cham [25].

The lack of the antipredator effect of sclerites from
four out of five studied Sarcophyton species suggest
that sclerites alone may play only a minor role in soft
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Fig. 2. Proportion (%) of pellets containing only sclerites
from five soft coral species consumed by reef fishes com-
pared to that of control pellets in the field experiment; *
significant difference (p < 0.05) vs. control.

corals’ defense against predatory fish. According to
studies, the feeding deterrence of sclerites may be
effective only in some parts of the colony, where their
concentration is particularly high, e.g., in tips of the
gorgonian Annella reticulata [28] or at the base of a
Sinularia colony [37]. Other studies emphasize the
influence of the size, shape, and density of sclerites of
soft corals and sponges on the deterrence effect against
predatory fish [7, 20, 37]. For the S. serenei species,
the coenenchymal sclerites in a disc colony (with a
length of 0.9 mm) and in the stalk colony (1.5—1.7 mm
in length) were often found to be larger than in other
species [8; This study]. S. serenei sclerites showed the
feeding deterrence effect against tropical fish at a nat-
ural concentration (0.42 g/mL), which was much
higher than for the other species tested. Thus, a com-
bination of sclerite size, shape, and high concentration
could be responsible for the significant antipredator
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Fig. 3. Proportion (%) of pellets containing a mixture of
crude extract and sclerites from five soft coral species con-
sumed by reef fishes compared to that of control pellets in
the field experiment; * significant difference (p < 0.05) vs.
control.
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effect shown by S. serenei. However, the feeding deter-
rence might also be explained by a lower quality of
food for predators, since the treatment pellets contain-
ing sclerites were of a lower nutritional quality than the
control pellets [11].

The feeding deterrence effect was still apparent
when the concentration of crude extract in the pellets
was reduced to 25% of the natural concentration
found in Sarcophyton tissue, with the natural concen-
tration of sclerites. This means that the studied Sarco-
phyton species may be consistently resistant to fish
predation even when secondary metabolite concentra-
tions vary under different environmental conditions,
as described earlier [13, 35]. Although the chemical
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compounds in the crude extract from the species in
our study are not yet identified, the findings have
clearly demonstrated their feeding deterrence, as evi-
denced by their impressive effect not only towards cer-
tain species (e.g., Thalassoma lunare) but also towards
other common reef fishes. Further study is needed to
assess the composition of effective metabolites and
elucidate whether they act additively or synergistically.

In this study, the prevention of fish predation has
confirmed the chemical defense in Sarcophyton spe-
cies, while the physical defense was pronounced in
some species. Our results support the assumption that
the use of chemical and physical factors by soft corals
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against fish predation can be one of the explanations
for their abundance on reefs in Vietnam.
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