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ABSTRACT

The crude organic extracts of the endemic gorgonian Phyllogorgia dilatata and two sponge species
Aplysina fulva and Mycale microsigmatosa were evaluated for anti-fouling properties through field
experiments. To investigate this property in ecologically meaningful conditions, crude extracts from
these invertebrates were incorporated at concentrations naturally found in these marine organisms
into a stable gel used as a substratum for fouling settlement. Crude extract from A. fulva showed no
significant anti-fouling property at the natural concentrations used in the field experiments. In fact,
fouling organisms settled significantly more on gels treated with A. fulva extract than on the con-
trol gel. On the other hand, both M. microsigmatosa and P. dilatata yielded crude extracts that ex-
hibited a selective action inhibiting only the settlement of barnacles. The evidences obtained here
by means of field experiments can provide a basis for future development of one kind of natural
antifoulant technology to prevent marine biofouling.

Key words: marine invertebrates, anti-fouling, secondary metabolites.

RESUMO

Avaliação experimental de metabólitos secundários de
invertebrados marinhos como antiincrustantes em campo

As propriedades antiincrustantes dos extratos brutos da gorgônia endêmica Phyllogorgia dilatata e
de duas espécies de esponja, Aplysina fulva e Mycale microsigmatosa, foram avaliadas por intermédio
de ensaios de campo. Para investigar essas propriedades sob condições ecologicamente relevantes,
as concentrações naturais dos extratos brutos encontrados nesses invertebrados foram incorporadas
a um gel estável que serviu de substrato para o assentamento de organismos incrustantes. O extrato
bruto de A. fulva não mostrou efeito antiincrustante na concentração natural usada nos experimentos.
De fato, os organismos incrustantes colonizaram significativamente mais o gel contendo extrato de
A. fulva do que o gel-controle. Por outro lado, ambos os invertebrados, M. microsigmatosa e P. dilatata,
produzem extratos brutos que foram seletivamente ativos contra o estabelecimento de balanídeos. As
evidências obtidas aqui, por meio de experimentos em campo, podem ser importantes subsídios para
futuras investigações visando à aplicação industrial de produtos naturais antiincrustantes em tecnologias
de prevenção da bioincrustação marinha.

Palavras-chave: invertebrados marinhos, antiincrustação, metabólitos secundários.
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INTRODUCTION

Marine biofouling is a result of bacterial
growth, algae and sessile invertebrates on submer-
ged surfaces, both natural and man-made. Despite
being a natural process, fouling is currently one
of the most important problems facing marine
technology (Gerhart et al., 1988; Callow, 1986).
Fouling organisms may colonize man-made struc-
tures, creating problems such as surface alteration
(Davis et al., 1989; Safriel et al., 1993), speed
reduction and increase of fuel consumption of ships
(Champ & Lowenstein, 1992; WHOI, 1967), or
corrosion, weight increase and distortion of the
initial configuration of submerged structures
(WHOI, 1967).

Marine benthic organisms also constitute
potential substrates for fouling organism settlement,
including growth of bacteria, algae and inver-
tebrates (Wahl, 1989; Uriz et al., 1992; Willemsen,
1996). However, benthic marine organisms have
developed a great variety of potential defenses
against fouling organisms, including possession
of spines (Dyrinda, 1986; Davis et al., 1989),
surface sloughing (Davis et al., 1989), production
of mucus (Dyrinda, 1986; Davis et al., 1989), low
surface energy (Targett, 1988; Davis et al., 1989;
Wahl, 1989; Davis & Wright, 1990), and the pro-
duction of secondary metabolites (Pawlik, 1992).
Marine secondary metabolites exhibiting antifouling
properties have been isolated from several marine
organisms including bacteria, seaweeds, seagrasses,
sponges, ascidians, bryozoans, and gorgonians
(Davis et al., 1989; Clare, 1996).

In addition to benthic organisms protection
against fouling, marine secondary metabolites could
possibly provide an alternative to the commercial
metal-based antifouling coatings that are in use
today (Michalek & Bowden, 1997). In fact, se-
condary metabolites produced by marine sessile
organisms, like seaweeds, corals and sponges,
represent a new perspective on preventing over-
growth by epibionts and could potentially be used
as commercial anti-foulants (Willemsen & Ferrari,
1993). This idea is not necessarily new (see Bakus
et al., 1985; Gerhart et al., 1988; Davis et al., 1989;
Pawlik, 1992), but here we approach the concepts
as an environmentally safe alternative to currently
used commercial anti-foulants. Considering the
environmental hazards involved in traditional anti-
fouling coatings based both on heavy metals and

broadly toxic biocides, it becomes necessary to
find an alternative as non-toxic technologies to
control marine biofouling.

A vast range of substances has been described
(and patented) as anti-foulants, although the
majority of tests have been laboratory-based, using
the larvae of fouling organisms such as barnacles
and bryozoans (Rittschof et al., 1986; Davis &
Wright, 1990; Sears et al., 1990; Martin & Uriz,
1993; Willemsen, 1994, 1996; De Nys et al., 1995).
Only a small part of the scientific community
working in this area has been conducting
ecologically relevant experiments, i.e., field assays,
which expose test surfaces to the colonization of
a natural community of settling organisms using
natural concentrations of metabolites found in
source organisms (Gerhart, 1986; Bingham &
Young, 1991; Henrikson & Pawlik, 1995; Da Gama
et al., 2002).

In fact, mechanisms by which marine orga-
nisms inhibit the establishment of fouling can be
investigated at a variety of levels, from the mo-
lecular to the ecological (Steinberg et al., 1998).
From a molecular perspective, marine secondary
metabolites appear to inhibit bacterial colonization
by interfering with bacterial AHL-acylated homo-
serine lactone regulatory processes (Kjelleberg et
al., 1997). In a biological approach, a settlement
of foulers on gels containing extracts of marine
organisms is measured under to field conditions
(Henrikson & Pawlik, 1995, 1998).

In the present study we have evaluated the
anti-fouling properties of secondary metabolites
extracted from marine invertebrates through field
assays.

MATERIAL AND METHODS

Organisms
Samples of marine invertebrates were collected

at Cabo Frio Island, Rio de Janeiro State, including
the endemic gorgonian Phyllogorgia dilatata and
the sponges Aplysina fulva and Mycale microsig-
matosa. These three species were chosen because
they are known to produce a vast array of secon-
dary metabolites (Faulkner, 2001 and other authors’
reviews cited therein) and are very abundant in
the region and apparently free of epibionts (the
authors, pers. observ.). After collected, these inver-
tebrates were washed in seawater in the laboratory
(Marine Station of the Institute of Marine Studies
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Almirante Paulo Moreira, Arraial do Cabo, Rio
de Janeiro State) to eliminate associated organisms.

Extraction procedures
Before the extraction procedures, the biolo-

gical material was dried in the dark and at room
temperature to avoid photolysis and thermo-de-
gradation of the secondary metabolites. Portions
of the specimens were used for obtaining volu-
me through displacement using a graduated, heavy,
dry test tube and were weighed again to obtain the
dry weight. Wet: dry weight ratios were determined
for each species. The three invertebrate species
were then submitted to exhaustive and successive
extractions in a combination of organic solvents
(dichloromethane and methanol, DCM:MeOH),
in the proportion of 2:1, following standard na-
tural products chemistry procedures. To increase
the effectiveness of extraction, the invertebrates
in the aforementioned solvents were submitted to
ultrasound for 15 minutes (Branson model 3210).
The solvent was eliminated in a rotating evaporator
under reduced pressure to determine the natural
extract concentration for each species.

Field assays
The field assays were done according to

Henrikson & Pawlik (1995), with some inno-
vations (Da Gama et al., 2002). The hardened
gel used as substratum was maintained in the
mold, so as to allow only one of the faces of the
plates to loose extracts via diffusion. Only one
side of the gel was exposed to the currents to
reduce the diffusion rate of the extracts, standar-
dizing the equivalent volume to 35 ml of extracted
biological material. This methodology was
developed to assess two fundamental aspects of
the bioassay for biofouling effects.

First, the extract is totally incorporated into
the medium and is not exposed on only one surface,
thereby simulating natural situations, where the
products are within the organism. Secondly, it is
liberated slowly, as it presumably occurs in live
organisms.

Circular plastic plates containing phytagelTM

(Sigma Chemical Co.) were used. Extracts of the
invertebrates were added to some of the plates
(treatments) while only solvent was added to others
(controls). Control plates (n = 6) were prepared
with a mixture of 1.52 g phytagel with 35 ml of

distilled water, followed by heating to boiling point
in a microwave oven. The mixture was then vigo-
rously stirred with a glass rod, while adding 0.5
ml methanol and pouring it into a circular mold
(Petri dish) for hardening. In the treatments (n = 6)
an aliquot of the extract to be tested was mixed
with the solution (diluted in 0.5 ml methanol) after
cooling to ≤ 60oC. The extract added to each 35
ml gel was the natural equivalent of the extraction
of 35 ml of live material, in an attempt to reproduce
the concentrations of the metabolites in the source
organisms (natural concentration by volume).

Establishment of fouling was measured as
percent-cover using a dot-grid method (Foster et
al., 1991; Henrikson & Pawlik, 1995). A high
number of points (236) were used to avoid underes-
timating rare species and to reduce deviation among
replicates (Dethier et al., 1993).

Extract degradation
To ensure that there were no substances in

the crude extracts, which were artifacts from degra-
dation after heating, we performed thin layer chro-
matography (TLC) on each extract, before and after
heating to 80-100oC. Generation of artifacts is a
well-known subject in the natural products che-
mistry literature (see Cronin et al., 1995).

Statistical analysis
Analysis of variance (ANOVA) and Tukey’s

Honestly Significant Difference (HSD) were used
to test for differences among percent cover of
fouling on the treatments.

RESULTS

Total cover
In general, two distinct stages encompassing

the initial establishment of microfouling were obser-
ved, followed by colonization of macroscopic orga-
nisms (macrofouling). With respect to total cover
of fouling through time (Fig. 1), there were not
very significant differences of mean percent cover
among treatments over the weeks (ANOVA, p >
0.05). In fact, a pairwise comparison by Tukey-
HSD demonstrated that gels containing extract of
P. dilatata had less settlement of fouling organisms
in two weeks (4th and 5th), while gels containing
extracts of both A. fulva and M. microsigmatosa
had total covers similar to control gels.
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Fig. 1 — Total percent cover of fouling on control and experimental plates over seven weeks of experiment.

Cover by organism groups
In this analysis only selected species presenting

more than 10% percent cover in one week or signi-
ficant differences in more than one week (ANOVA,
and HSD Tukey test) were used. Accordingly, Figs.
2 to 7 present changes in percent cover of organism
groups such as biofilm, barnacles, the brown alga
Colpomenia, coralline algae, and Dictyotacean and
Ectocarpacean algae.

The biofilm, presumably including unidentified
microscopic organisms such as bacteria, microalgae,

and protozoans, reached a mean maximum of 75%
coverage at about the second week in all treatments
(Fig. 2). Biofilm covers were similar among all
treatments (p > 0.05).

More apparent and measurable covers of
barnacles were observed only after 3 weeks of
experiment in all treatments (Fig. 3). After 4 weeks,
both treatments containing extracts of P. dilatata
and M. microsigmatosa had a significantly smaller
cover of barnacles than both A. fulva extract and
the control (p < 0.05).
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Fig. 2 — Percent cover of biofilm on control and experimental plates over seven weeks of experiment.
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Fig. 3 — Percent cover of barnacles on control and experimental plates over seven weeks of experiment.

Only after 3 weeks was cover by the brown
alga Colpomenia observed in all treatments (Fig.
4). In the 5th week, higher but not significant diffe-
rence (p > 0.05) in percentage cover of Colpomenia
was observed in plates containing extracts of A.
fulva and M. microsigmatosa compared to control
or plates containing extracts of the gorgonian P.
dilatata.

Coralline algae had a significantly higher
percentage cover in control plates and others con-
taining extracts of A. fulva and M. microsigmatosa
(Fig. 5), compared to no occurrence of this algal
type in the plates containing P. dilatata extract
(p < 0.05).

Measurable covers of Dictyotacean algae
were observed in all treatments during only 4 weeks,
from the 3rd to the 6th (Fig. 6). However, Dictyo-
tacean algae had significantly higher percentage
cover in control and in treatments containing ex-
tracts of A. fulva and M. microsigmatosa, compared
to P. dilatata in the 4th week (p < 0.05).

In general, covers by Ectocarpacean algae
were very similar on the control and on all treat-
ment plates during the experiment (Fig. 7). How-
ever, significantly smaller cover by Ectocarpacean
was observed in plates containing extract of P.
dilatata only in two weeks (4th and 5th), compared

to remaining control and treatment plates (p <
0.05).

DISCUSSION

The results described herein on the deve-
lopment of fouling communities represent the
usual successional stages reported in the literature
(see Wahl, 1989). After about 2-3 weeks of im-
mersion the establishment of biofilm occurred,
followed by the establishment of macroscopic
organisms.

The pattern of biofilm establishment was si-
milar in all experiments and in the control, demons-
trating that none of the invertebrate crude extracts
was able to inhibit the establishment of this stage
of microfouling. On the other hand, a quite distinct
composition of macrofouling was observed in all
treatments and in the control.

Whether microfouling is a general prerequisite
for subsequent settling has not been determined
(Little, 1984). Since the observed biofilm establish-
ment pattern was very similar in all treatments and
in the control and since the specific composition
of macroscopic foulers was different, we assumed
that biofilm may not be important to subsequent
succession.
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Fig. 4 — Percent cover of the brown alga Colpomenia on control and experimental plates over seven weeks of experiment.

Time (weeks)

0 1 2 3 4 5 6 7 8
0

1

2

3

4

5

6

7

8

A. fulva

M. microsigmatosa

P. dilatata

Control

P
e
rc

e
n

tu
a
l
to

ta
l
c
o

v
e
r

(%
)

Fig. 5 — Percent cover of coralline algae on control and experimental plates over seven weeks of experiment.
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Fig. 6 — Percent cover of Dictyotacean algae on control and experimental plates over seven weeks of experiment.
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Fig. 7 — Percent cover of Ectocarpacean algae on control and experimental plates over seven weeks of experiment.
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The present study also demonstrated that the
crude extract of A. fulva did not inhibit the esta-
blishment of fouling. However, species of Aplysina
are known to produce a diverse array of secondary
metabolites (Goo, 1980; Gopichand & Schmitz,
1979; McMillan et al., 1981; Ziefer et al., 1995;
Fendert et al., 1999), exhibiting cytotoxic (Gopi-
chand & Schmitz, 1979; Compagone et al., 1999),
anti-microbial (Goo, 1980) and anti-bacterial
activities (Thompson et al., 1985; Muricy et al.,
1993; Newbold et al., 1999). Thus, although a
number of metabolites from Aplysina species have
been screened for biological activity in a variety
of pharmacological assays, the value of these assays
for predicting the anti-fouling effect may be
questionable.

In addition, there is also geographic variation
in the numbers and types of secondary metabolites
produced by the same species collected in different
regions (Pereira et al., 2000). For example, the
chemical variation, both qualitative (diversity) and
quantitative (concentration), of secondary meta-
bolites appears to decrease at higher latitudes in
different populations of the same species (Paul &
Fenical, 1986, 1987; Paul & van Alstyne, 1988).
Thus, it is possible that Brazilian specimens of A.
fulva possess metabolites other than those found
in this species elsewhere.

The sponge A. fulva was found to excrete
substances after collection, changing body color
from orangy to dark brown. Color changes may
be due to oxidative processes in pigments occurring
in this sponge species but not in its secondary
metabolites. However, the stress due to collection
or manipulation can cause both exudation and
degradation of secondary metabolites (see Walker,
1981; Thompson et al., 1985; Walker et al., 1985;
Muricy et al., 1993).

A TLC (Thin Layer Chromatography) analysis
demonstrated that Brazilian specimens of A. fulva
produce diverse secondary metabolites, visible both
before and after the field assays. Thus, we suppose
that secondary metabolites produced by A. fulva
on the Brazilian coast are not active against fouling.

The results obtained from plates containing
extracts of M. microsigmatosa did not exhibit
significantly broad anti-fouling activity either.
In fact, the crude extract of this species inhibited
only the settlement of balanids. In the same way
as compounds produced by Aplysina species,
secondary metabolites from the genus Mycale are

known to exhibit cytotoxic, antiviral, antitumoral,
and antimitotic activities (Thompson et al., 1992,
1994; Fusetani et al., 1991; Northcote et al., 1991;
Perry et al., 1988, 1990). On the other hand, some
studies demonstrated that the crude extract of M.
microsigmatosa did not exhibit antimicrobial acti-
vity (Green et al., 1990; Muricy et al., 1993) or
inhibit microorganisms in laboratory assays (Green
et al., 1990; Muricy et al., 1993), but in the present
study exhibited specific anti-fouling activity against
the settlement of balanids.

The crude extracts of P. dilatata also inhibited
only the establishment of balanids. In fact, the more
common fouling organisms were absent or rare on
P. dilatata observed in the field (the authors, pers.
observ.).

The gorgonian P. dilatata is an endemic spe-
cies on the Brazilian coast and is known to produce
one sterol (Kelecom et al., 1980) and two nardo-
sinane sesquiterpenes (Kelecom et al., 1990;
Fernandes & Kelecom, 1995), a cembranoid diter-
pene (Epifanio et al., 1999) and a germacrane
sesquiterpene (Martins & Epifanio, 1998). The
cembranoid diterpene is a potent chemical defense
against predators on the Brazilian coast and this
particular class of compounds has feeding de-
terrence properties, protecting octocorals from
different predators both in tropical and temperate
regions (Epifanio et al., 1999).

Diterpene alcohols produced by the brown
seaweed Dictyota menstrualis deter feeding by
several species of herbivores and may also prevent
fouling organisms from colonizing the surface of
this alga (Schmitt et al., 1995). Given the multiple
ecological functions of some secondary metabo-
lites, it seems unlikely that these metabolites would
have evolved in response to consumers only, much
less in response to any particular consumer. It is
therefore not surprising that secondary metabolites
from P. dilatata are effective against predators and
also prevent the specific establishment of balanids.
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