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ABSTRACT: Blooms of marine benthic cyanobacteria are recurrent in several locations
at the Colombian Caribbean. In these events, cyanobacteria grow over the substrate
and benthic organisms although their effect has not been fully assessed. is study
evaluated interactions between cyanobacteria and hermatypic corals, in order to identify
any deleterious effects that could be related to allelopathic mechanisms. Organic extracts
from cyanobacteria collected in San Andres, Old Providence and Rosario islands were
tested against embryos of the reef-building coral Orbicella annularis. e indirect
effect of cyanobacterial extracts was also assessed by resuspending the extracts in
seawater and monitoring polyp retraction and recovery of the coral Madracis mirabilis
(=auretenra). Additionally, the effect of direct contact between cyanobacterial extracts
and the coral Porites porites was assessed by incorporating cyanobacterial extracts into
Phytagel™ gels and placed in direct contact with the coral. Aer 24, 48 and 72 h
of exposure, chromatographic profiles of associated zooxanthellae was evaluated by
HPLC. A deleterious effect on the zooxanthellae was evidenced by an increase in
pheophytin, a degradation product from chlorophyll. e competitive abilities of algae
and cyanobacteria should be considered as a constraint to reef restoration initiatives.
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Cyanobacteria have the ability to compete with corals due to their growth rates, defenses
against herbivory and potentially allelopathic mechanisms.
Keywords: Alellopathy, corals, cyanobacteria, interspecific competition.
RESUMEN: Afloramientos de cianobacterias marinas bentónicas son recurrentes
en varias localidades del Caribe colombiano. En estos eventos, las cianobacterias
crecen sobre el sustrato y organismos bentónicos sin que su efecto se haya evaluado
completamente. Este estudio evaluó interacciones entre cianobacterias y corales
hermatípicos con el fin de identificar efectos perjudiciales que podrían estar relacionados
con mecanismos alelopáticos. Extractos orgánicos de cianobacterias recolectadas en
las islas de San Andrés, Providencia y las Islas del Rosario fueron evaluados contra
embriones del coral hermatípico Orbicella annularis. También se evaluó el efecto
indirecto de extractos de cianobacterias resuspendidos en agua de mar para determinar
retracción de pólipos y recuperación del coral Madracis mirabilis (=auretenra).
Adicionalmente, se evaluó el efecto del contacto directo de extractos de cianobacterias y
el coral Porites porites mediante la incorporación de los extractos en geles de PhytagelTM

dispuestos en contacto directo con el coral. Después de 24, 48 y 72 h de exposición,
los perfiles cromatográficos de las zooxantelas asociadas al coral fueron evaluados por
HPLC. Un efecto negativo sobre las zooxantelas se evidenció por el incremento en
feofitina, producto de degradación de la clorofila. Las capacidades competitivas de algas
y cianobacterias debieran considerarse como un factor que podría incidir negativamente
en iniciativas de restauración arrecifal. Las cianobacterias tienen la capacidad de
competir con corales debido a sus tasas de crecimiento, defensas contra herbivoría y
potenciales mecanismos alelopáticos.
Palabras clave: Alelopatía, cianobacterias, competencia interespecífica, corales.

INTRODUCTION

Coral reefs are one of the most important, diverse and productive
ecosystems on the planet. ey thrive in clear waters of tropical seas and
are fundamental in the development of a very complex ecosystem. Coral
reefs provide substantial economic and ecological services to society and
the environment. e reef structure protects coastal areas, mangroves and
seagrasses from erosion (Moberg and Folke, 1999; Ritson-Williams et
al., 2009). e reef structure also provides habitat for many organisms
including species of commercial interest such as crabs, lobsters and
mollusks (Jennings and Polunin, 1996; Birkeland, 1997; Mumby and
Steneck, 2008).

Competition determines the structure and composition of coral
reefs communities (Birkeland, 1997). In coral reefs, the increasing
competition between algae and corals has become an important factor
for reef resilience (reviewed in Puyana, 2018). e process of coral reef
recovery is difficult because juvenile corals must settle in substrates now
dominated by algae and cyanobacteria which are very effective colonizers
aer disturbances (McCook et al., 2001; Hughes et al., 2007; Diaz-
Pulido et al., 2010). e dominance of algae and cyanobacteria can
become a serious bottleneck for the settlement and recruitment of corals,
depending on the local and dominant characteristics of algal communities
(McCook et al., 2001; Diaz-Pulido et al., 2010).

Benthic mats of algae and/or cyanobacteria occupy available substrate
but also form physical barriers hampering coral recruitment (McCook
et al., 2001; Diaz-Pulido et al., 2010; Ford et al., 2018). Experimental
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evidence has shown that cyanobacterial mats rely on chemically mediated
effects affecting the settlement, survival, and recruitment of coral larvae
(Kuffner et al., 2004; Kuffner et al., 2006).

Hence allelopathic mechanisms may play significant roles in the
processes of competition between coral reef benthic organisms,
impacting reproductive processes, physiology, growth, and survival of
reef communities (acker et al., 1998; Chaves Fonnegra et al., 2008;
Chadwick and Morrow, 2011).

Allelopathy is the process by which an organism produces chemical
compounds that negatively affect the growth, development, health,
behavior, and reproduction or population biology of another species.
Allelopathy has been very difficult to demonstrate in aquatic
environments due to the hydrodynamic character and the complexity of
communities in those environments. is mechanism may be frequent
in sessile organisms that compete for resources such as space or access to
light including algae and sponges, among others (De Nys et al., 1991;
Littler and Littler, 1997; Steinberg et al., 1998; Engel and Pawlik, 2000;
Richelle-Maurer et al., 2003; Titlyanov et al., 2007; Chaves-Fonnegra et
al., 2008).

Marine cyanobacteria produce a large number of biologically active
compounds, important for their survival (Nagle and Paul, 1998; Tan and
Goh, 2009; Engene et al., 2011; Leão et al., 2012), for the establishment
and persistence of cyanobacterial blooms (Leão et al., 2012) and as
inhibitors of potential competitors such as algae, microalgae, aquatic
plants and even other species of cyanobacteria (Jüttner et al., 2001; Berry
et al., 2008).

Currently, cyanobacteria are a frequent sight in several reef locations,
although reef ecologists still consider algae and cyanobacteria as the
same category when performing field surveys. Cyanobacterial mats form
multispecies consortia and grow on other organisms such as corals and
octocorals causing polyp retraction, bleaching or the death of coral tissue
under cyanobacterial mats or in areas where mats come in direct contact
with corals (Paul et al., 2005; Smith et al., 2008; Puyana and Prato, 2013;
Puyana et al., 2015; Ford et al., 2018) (Figure 1).
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Figure 1
a-b Cyanobacterial mats overgrowing so corals of the genus Antillogorgia. So
coral tissue under cyanobacterial mats was dead and disintegrated upon contact

leaving behind the gorgonin matrix which was rapidly fouled. c. Cyanobacterial mat
overgrowing corals and macroalgae. d. Cyanobacterial "lumps" overgrowing corals and

coralline algae. All pictures taken in Old Providence Island by Julian Prato, (2013).

MATERIALS AND METHODS

Study Area

Field assays were conducted at Isla Grande, in the archipelago of Islas
del Rosario (10°11' N, 75°48' W). e archipelago is a set of low-lying
islands surrounded by extensive coral formations, located 54 km to the
southwest of the Bay of Cartagena, Colombian Caribbean (Figure 2). e
area, comprising approximately 120 km2, is part of the Parque Nacional
Natural Corales del Rosario and San Bernardo (PNNCRSB). e area
is located within the area of intertropical convergence (ITCZ), under
the constant influence of winds from the Northeast and Southeast. e
annual average sea surface temperature is 27.5 °C, with an annual rainfall
of approximately 1013 mm and salinity close to 35. Tidal variation in the
area is low, ranging between 17 and 58 cm (Sánchez et al., 1999).
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Figure 2
Map of Isla Grande (archipelago of Islas del Rosario). e star indicates the location of the

site "Ministerio" where field experiments were performed. (Map drawn by Nicolas Restrepo).

Sample collection and identification

e Agencia Nacional de Licencias Ambientales (ANLA) and Ministerio
de Ambiente y Desarrollo Sostenible granted permission to Universidad
Nacional de Colombia to collect samples and perform this research
(Permission 4 of 10/02/2010, Anexo 2, Contrato de Acceso a Recurso
Genético 108).

Biological material for cyanobacterial identification and organic
extract preparation was collected at San Andres. Old Providence Island
and Islas del Rosario between 2012 and 2014. Samples of cyanobacteria
were manually removed by SCUBA and introduced in bags of very
fine mesh. Once at the surface, samples were transferred to ZiplockTM

bags and frozen. A small portion of the sample (approximately 15 g),
was preserved in a solution of 4 % formalin in seawater in order to
perform taxonomical analyses. Cyanobacterial identification was carried
out with a Nikon microscope coupled to a computer with the NIS-
Elements Br 2.30 Imaging soware. e most important characters
for taxonomic identification included cell shape, length, and width,
the presence of mucilaginous sheath covering the filaments and shape
offilament terminals following Komarek and Anagnostidis, (2005).

Extract preparation

Frozen samples of cyanobacteria were lyophilized to then subjected to
extraction with a 1:1 mixture of methanol-dichloromethane. Extracts
were concentrated under vacuum evaporation, weighed and kept frozen
until they were used. Small quantities of each extract were placed in
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individual vials and weighed. Once in the laboratory and prior to each
assay, extracts were fully resuspended in very small volumes of ethanol-
acetone (<100 (mL), vigorously shaken and the mixed with seawater to
the final test concentration. e ethanol-acetone mixture fully solubilized
extracts so no filtration was required.

Lethality assay against

Artemia salina

e lethality assay against Artemia salina is widely used to evaluate
the toxicity of organic extracts and for the screening of potentially
bioactive extracts and fractions (Sam, 1993). For the assay, cysts of
Artemia were incubated, until hatching, in artificial seawater (3.8 %
sea salt) at a temperature between 26-30 °C. For the assay, 15 nauplii
were placed in each well of 24 well plates filled (1.5 mL) with filtered
seawater. Artemia nauplii were then exposed to different concentrations
of cyanobacterial extracts resuspended in ethanol-acetone (< 100 (mL)
and seawater. For this assay, we evaluated extracts 32, 36, 38 y 42 at
concentrations of 1000, 500, 100 and 10 mg mL-1 in triplicate. Negative
controls consisted of pure seawater and seawater with the same amount
of the ethanol-acetone mixture used to fully resuspend the extracts. A 100
(mg mL-1 potassium dichromate solution was used as positive control.
e number of surviving nauplii was assessed 24 hours aer addition of
the extracts. e LC50 was determined by the Reed-Muench graphical
method following Sam, (1993).

Lethality assay against fertilized coral eggs (embryos) of the scleractinian
coral Orbicella annularis (Ellis and Solander, 1786)

We evaluated the effect of organic extracts of marine cyanobacteria
against fertilized coral eggs (embryos) of the scleractinian coral Orbicella
annularis in order to assess the potentially harmful effects of extracts of
these microorganisms in the embryos' survival. e coral O. annularis was
selected because it is an important reef-building species in the Colombian
Caribbean (Reyes et al., 2010). Additionally, the gametogenic cycle and
date of the mass spawnings of this species is well known, facilitating the
successful collection of their larvae (Sánchez et al., 1999; Alvarado and
Acosta, 2009).

Embryos of Orbicella annularis were collected with gamete traps
during the mass spawning that took place in September 2014 at Isla
Grande, Rosario Islands. e design of gamete traps and collection
method is thoroughly described in Alvarado and Acosta, (2009). Right
aer spawning, gamete collectors were sealed and carefully brought to
the surface to be quickly transported to the laboratory at CEINER,
Centro de Investigación, Educación y Recreación de San Martin de
Pajarales, Rosario Islands. Once in the laboratory, the suspension of
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gametes in seawater was filtered to remove predators such as copepods
and other planktonic invertebrates. Subsequently, a cross-fertilization of
eggs was performed. In order to achieve so, gamete packets were shaken
to break them and male and female gametes were separated by means
of special filters. e male gametes of one colony were used to fertilize
the eggs obtained from another colony. Eight hours later, fertilized and
unfertilized eggs were manually separated using glass capillaries under a
stereoscope. Fertilized eggs had a pink reddish coloration and an oval
shape. ey were also active. Once dead, the embryos lost their shape
and smooth texture. All successful embryos were transferred to plastic
containers with fresh, filtered seawater. roughout this process and
during the whole experiment temperature was kept at 28 °C and a salinity
of 35.

e embryo lethality assessment started about 14 hours aer
fertilization. For the assay, ten embryos were placed in each well of 24 well
plates filled (1.5 mL) with filtered seawater. Embryos were then exposed
to different concentrations of cyanobacterial extracts resuspended in
ethanol (< 100 (mL) and seawater. For this assay, we evaluated extracts
32, 36, 38 and 42 at concentrations of 1000, 500, 100 and 10 (g mL-1

in triplicate. Controls consisted of plain seawater and seawater with the
same amount of ethanol used to resuspend each extract at the different
concentrations tested. Embryo mortality was assessed 6, 18 and 24 hours
aer exposure to the extracts and only when embryo survival in the
seawater control was greater than 75 % (Fearon and Cameron, 1997).

Polyp retraction assay against agments of the scleractinian coral Madracis
mirabilis (=auretenra) (Locke, Weil and Coates, 2007).

Corals are highly sensitive to exogenous compounds and quickly retract
their polyps if environmental conditions are not favorable. A rapid
and sensitive way to evaluate an indirect potential allelopathic role of
organic compounds is the evaluation and extent of coral polyp retraction
and subsequent recovery upon exposure to the substance ofinterest
(Petritchtcheva et al., 2002; Richelle-Maurer et al., 2003).

e polyp retraction assay was carried out with fragments of the yellow
pencil coral Madracis mirabilis (=auretenra). is species has a wide
distribution in the Colombian Caribbean , has a great capacity for tissue
regeneration, low susceptibility to diseases and easily reproduces asexually
by fragmentation (Reyes et al., 2010). Coral fragments were collected
manually by SCUBA in the fringing reefs North of Isla Grande, Islas
del Rosario in November 2014. ey were stored in airtight plastic bags,
brought to the surface and immediately transferred to 40 L containers.
Once at the CEINER facilities the fragments were placed in 4000 L tanks
with filtered seawater, natural lighting, and continuous recirculation.
Each fragment was attached to small individual ceramic tiles using an
epoxy resin to maintain a vertical position. Corals were acclimatized
for three days and fed with freshly hatched Artemia salina nauplii
(Petritchtcheva et al., 2002).
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For the assay, each coral fragment was introduced in 600 mL glass
containers. Once polyps where fully extended, cyanobacterial extracts
were resuspended in an ethanol-acetone mixture (< 100 mL), mixed
with seawater to reach the desired concentration and then added to each
container. Extracts evaluated were 32 and 38 and were selected due to
their great local abundance and high toxicity against A. salina.

Each extract was tested at a low concentration (2 mg mL-1) and a
high concentration (11 (mg mL-1). ese concentrations were selected
prior to the experiment in order to detect coral responses in an adequate
time frame. Two controls were used. e same volume of the ethanol-
acetone mixture used to resuspend the extracts and an 11 |mg mL-1

solution of table sugar (sucrose). e sugar solution was used to verify
that the addition of a "harmless" organic compound did not generate
adverse effects on the corals. All experiments were run with three to five
replicates. Once the extracts were added, individual coral fragments were
monitored at 10, 25, 40, 60, 90, 150, 210 and 270 minutes. By the end
of the experiments, coral fragments were transferred to containers with
clean and circulating sea water to monitor polyp recovery at 340, 470
to 1200 minutes. e number of retracted polyps at different times was
counted in five different (1 cm2) subareas of each coral fragment.

Field assessment of the allelopathic potential of cyanobacterial extracts

Field experiments were carried out in April 2012. To assess the
allelopathic potential of cyanobacterial extracts, these were incorporated
into gels of the polysaccharide PhytagelTM, a commercially available
agar substitute gelling agent, and placed in direct contact with healthy
corals following acker etal, (1998) and Rasher and Hay, (2010). e
gel was prepared by mixing the PhytagelTM powder with hot water
following the manufacturer's instructions and vigorously mixed. Once
the gel had cooled, test extracts resuspended in acetone were blended into
the PhytagelTM mixture and rapidly poured into acrylic molds covered
with fine plastic mesh. e gels were then allowed to stiffen. e plastic
mesh conveys greater strength to the gels allowing easier manipulation
during field assays. Controls consisted of plain PhytagelTM and the same
amount of acetone (< 100 mL) used to resuspend the extracts. Extracts
tested BPVA, LP, and LF was incorporated into the gel at the natural
concentration of 6 % (Prato, unpublished data). Aer hardening, the
PhytagelTM covered plastic mesh was cut into strips.

e field experiment was performed close the site Ministerio, north of
Isla Grande, were dense stands of Porites porites were found. Treatment
and control plastic mesh bands were soly placed over individual coral
twigs and secured with plastic cable ties (Figure 3). ere were five
replicates for each cyanobacterial extract. Controls consisted of a band
of PhytagelTM extract, to assess whether there was an effect by direct
contact with a solid surface and a band of PhytagelTM with food-coloring
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(shading control) in order to emulate the coloration of the extract -which
tends to be dark green- and discard bleaching responses attributable to
darkening. In addition, at the time of removal of the experiment, five
coral fragments (from the same colony) were removed to compare with
experimental treatments. Treatments were removed aer 24, 48 and 72
hours. Once the bands were removed, coral responses such as bleaching,
tissue regression or necrosis were registered. Individual coral twigs were
fragmented from the colony with pliers, wrapped individually in tin
foil and introduced in mini ZiplockTM bags. e bags were immediately
carried to the surface and frozen immediately in a bath of dry ice and
acetone, which lowered the temperature to -70 °C, thus preventing
degradation of photosynthetic pigments. Coral fragments were kept
frozen until analysis.

Figure 3
Effect of cyanobacterial extracts upon direct contact with the coral Porites porites. a.

Untreated coral. b, c and d. Coral bleaching aer 24, 48 and 72 hours respectively. e.
Signs of necrosis (at 72 h) evident at the time of polyp removal for chemical analyses.

Gels were gradually removed in order to evaluate bleaching, a
clear indicator of stress in corals (Titlyanov et al., 2007). Since
the visual assessment of coral bleaching may be subjective, we used
chromatographic techniques to assess the abundance and variation of
the major photosynthetic pigments aer contact with extracts. For
this experiment several assumptions were made, (1) each of the coral
fragments (treatment or control) was influenced by the same level of
light radiation, (2) diversity and proportion of zooxanthellae clades in
the coral (Knowlton and Rohwer, 2003) was the same in the fragment
and the colony, (3) concentration of photosynthetic pigments between
fragments at time zero and without any treatment was the same, (4) polyp
removal and subsequent preparation of organic extracts were carried out
in a uniform way for all treatments and controls.
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Pigment analysis and quantification

e photosynthetic performance of coral-associated zooxanthellae has
been evaluated with underwater PAM fluorometry (Rasher and Hay,
2010). However, given the cost of the device, we analyzed pigment
content by HPLC following Kleppel et al., (1989) and Venn et al.,
(2006). For the extraction of photosynthetic pigments from coral
fragments, these were thawed at room temperature and polyps covering
an area of 1 cm2 were removed with pliers and tweezers. e polyp
biomass was then extracted with acetone at 0 °C and sonication for two
minutes. All these procedures were carried out in a dark chamber in
order to prevent pigment degradation by exposure to light. Extracts were
filtered through Pasteur pipettes with cotton plugs, concentrated under
rotary evaporation and stored under a nitrogen atmosphere in the freezer.
Prior to injection into the HPLC, crude extracts were resuspended in 90
% aqueous acetone and a 2:1 (v/v) ammonium acetate ion pair solution
was added in order to increase hydrophobicity and retention time of the
molecules of interest (Horvarth et al., 1977). Each extract was filtered
using PVDF membranes 0.45 μm in diameter. 100 μL of each extract at
a concentration of 1.33 mg mL-1 was injected (2 mg in 1 mL acetone
extract plus 0.5 mL solution of the ion pair solution) into a RP-18
PhenomenexTM column, which was maintained at room temperature and
eluted with a tertiary mobile phase gradient (0.5 M ammonium acetate
in methanol/water 85:15, acetonitrile/ethyl acetate 90:10 and 100 %
acetonitrile), at a flow rate of 1 mL min-1 for 50 minutes, with linear
changes, following Louda et al., (2000). Spectral reading was carried out
at 420 nm (Levy et al., 2003). Preliminary identification of pigments was
based on UV absorption spectra and retention times of chromatogram
compared to the data reported in the literature (Louda et al., 2000; Venn
et al., 2006), since it was not possible to acquire adequate standards of
dinoflagellate pigments. erefore, only xanthophylls and chlorophylls
were considered in the analysis, as well as pheophytin, a chlorophyll
degradation product. Pigment quantification was carried out based on
the areas under the curve of each chromatogram according to integration
made by the chromatograph.

RESULTS

e taxonomical identity and toxicity assessment against Artemia salina
nauplii of the cyanobacterial extracts evaluated in this study are included
in Table 1. Recent studies have shown that the genetic, morphological
and chemical diversity of tropical marine cyanobacteria has been largely
underestimated (Engene et al., 2011; Engene et al., 2012; Engene et
al., 2013a; 2013b; Engene et al., 2018). Accurate species identification
involves molecular and chemotaxonomical analyses which can be quite
complex. We want to point out that our species identification was
performed before the thorough taxonomical revisions of tropical benthic



Acta Biológica Colombiana, 2019, 24(2), ISSN: 0120-548X / 1900-1649

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative

cyanobacteria and was based just on the macroscopical features and
microscopical analyses of the most common cyanobacterial mats. Extracts
were selected based on their local abundance and available amount of
extract in order to run the assays. We also wanted to compare the
allelopathic effects of extracts with greater toxicity (extracts 32 and 38) in
comparison to others that did not exhibit significant toxicity against A.
salina (> 1000 (g mL-1) (extracts 36 and 42).

Table 1
Description, collection details, taxonomical identity and toxicity assessment against Artemia salina
nauplii of the cyanobacterial consortia evaluated in this study. Species identification was performed

before the thorough taxonomical revisions of tropical benthic cyanobacteria and were based on
macroscopical features and microscopical analyses of the most common cyanobacteria in the consortia.

Lethality assay against fertilized coral eggs (embryos) of the scleractinian
coral Orbicella annularis (Ellis and Solander, 1786)

All extracts evaluated were found to be toxic at 500 and 1000 mg mL-1 ,
causing a 100 % mortality of coral embryos in a six-hour period. Controls
with sea water and solvent (ethanol) did not show mortality to the
embryos during the evaluation period up to 18 hours. Aer 24 hours,
controls showed partial mortality therefor observations for this time
frame were not taken into account. e results of the lethality assays
against embryos of O. annularis are presented in Table 2. e extract
that exhibited the greatest toxicity was number 36 (a mixed assemblage
of Lyngbya spp.). is extract caused up to 90 % mortality of embryos at
the lowest concentration (10 mg mL-1) aer only six hours of exposure.
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Table 2
Lethality (%) (average± standard error) of cyanobacterial extracts on embryos of the

coral Orbicella annularis (ten embryos per well, three replicates per treatment). Solvent
(ethanol) and sea water controls did not elicit embryo mortality (6 or 18 hours).

Polyp retraction assay against agments of the scleractinian coral Madracis
mirabilis (=auretenra) (Locke, Weil and Coates, 2007).

All tested extracts led to the retraction of coral polyps with variable speed
and intensity depending on the concentration tested. Solvent and sucrose
controls elicited minimum polyp retraction and allowed rapid recovery.
e results of this assay are included in Table 3. Extract number 38,
caused polyp retraction faster and more severe within minutes of starting
the essay at a concentration of11 mg mL-1. Moreover, coral fragments
exposed to this extract did not fully recover even aer 470 minutes. Only
16 hours aer the initiation of the recovery phase did the corals extend
all their polyps. Coral fragments exposed to cyanobacterial extracts had
a maximum retraction percentage between 80 and 99 %, whereas in
controls, polyp retraction did not surpass 25 %. Aer 20 hours (1200
min) in all cases, corals extended all their polyps displaying full recovery.
Controls with the sucrose solution showed a maximum retraction of
23 % aer 150 minutes. is value, however, was very low and most
of the time polyps were fully extended, suggesting no effects from this
organic substance. Solvent (ethanol) controls had a maximum retraction
rate of 10 %. e strong retraction shown by coral polyps exposed to
cyanobacterial extracts indicates coral stress and could suggest a potential
allelopathic effect.
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Table 3
Percentage of polyp retraction (mean ± standard error) of the coral Madracis mirabilis aer

indirect exposure to two organic extracts of benthic marine cyanobacteria (32 and 38) at
two concentrations (2 mg L-1 and 11 mg L-1). Controls consisted of a 11 mg L-1 sucrose

solution or ethanol. Once the exposure time finished (270 minutes), corals were transferred
to containers with clean seawater and their recovery monitored (340, 470 to 1200 minutes).

Values of "0" indicate that all polyps were extended and that the coral fragment was not
affected by the extracts during exposure time or that they had fully recovered aer 270 min.

Field assessment of the allelopathic potential of cyanobacterial extracts

ree to five coral fragments were analyzed for pigment variation upon
contact with cyanobacterial extracts.

Unfortunately, quite a few of the treatments and replicates were
lost due to excessive water motion. For instance, we lost all treatments
of extract LP aer 48 and 72 hours. Direct contact of corals with
PhytagelTM bands with cyanobacterial extracts had negative effects on
these, evidenced by polyp retraction, bleaching or surface erosion on twigs
of Porites porites. is effect was apparently greater with exposure time.
In some cases black bands, suggestive of colonization or growth of sulfate
reducing bacteria were evident (Figure 3).

Pigment profile of zooxanthellae associated to Porites porites

Aer HPLC analyses, six pigments were selected for comparisons (1)
dinoxanthin (a xanthophyll), (2) diadinoxanthin (a xanthophyll), (3)
chlorophyll-c, (4) chlorophyll-b, (5) chlorophyll-a and (6) phaeophytin.
Figure 4 shows the qualitative comparison of pigment variation over
time. In all cases, as expected, extracts of untreated Porites tiwgs had
the greatest concentrations of photosynthetic pigments (Figure 5, red
columns). When comparing the effect of the different treatments over
time, it was clear that in all cases (aer 24, 48 and 72 hours of exposure)
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extract BPVA caused the greatest bleaching evidenced as the utmost
pigment reduction in coral twigs. Aer 24 hours of exposure, coral twigs
exposed to extracts LP and BF remained fairly constant in chlorophyll
concentrations with respect to controls. Aer 48 hours of exposure,
the trend was similar, where extract BPVA caused the greatest pigment
reduction particularly in diadinoxanthin concentrations (Pigment 2). By
the end of the observation period (72 hours), it became more evident
there was a shi towards an increasing concentration of chlorophyll a
and phaeophytin. Pigment reduction in coral twigs upon direct contact
with cyanobacterial extracts was greater than in shading (PhytagelTM +
food coloring) or PhytagelTM controls. ese results suggest that coral
bleaching is elicited by the extracts tested, particularly extract BPVA.

Figure 4
Qualitative variation of photosynthetic pigments (mAU) of zooxanthellae associated
with the coral Porites porites over time aer coral exposure to cyanobacterial extracts.

Numbers refer to the following pigments (1) dinoxanthin (xanthophyll), (2) diadinoxanthin
(xanthophyll), (3) chlorophyll-c, (4) chlorophyll-b, (5) chlorophyll-a and (6) phaeophytin.

DISCUSSION

Organic extracts ofmarine benthic cyanobacteria showed deleterious
effects against coral larvae and also induced polyp retraction and
bleaching in adult coral colonies. ese results suggest that cyanobacteria
may produce and release substances that prevent the settlement of coral
larvae thus affecting their recruitment. In that case, there should be a
mechanism by which these substances are actively exuded or passively
released (cell breakdown upon death or mechanical friction against the
substrate).
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Many sessile organisms seem to rely on chemical defenses that protect
them against epibiosis and fouling organisms. ese defenses may be
toxic to larvae of competing organisms or deter larval settlement on
their surface (Fearon and Cameron, 1997). Physical barriers may also
pose a problem for the settlement of coral larvae. Coral larvae might
get entangled on mats of benthic cyanobacteria and die (Kuffner et al.,
2004). Also, as we have witnessed in our study sites, algal meadows
and cyanobacterial mats trap sediments which may also hamper larval
settlement (Birrell et al., 2005). Similarly, lower portions of cyanobacteria
mats may present anoxic conditions, beneficial for nitrogen fixation, but
potentially harmful to coral larvae (Kuffner et al., 2004).

e polyp retraction assay in fragments of Madracis mirabilis,
allowed us to evaluate coral responses to indirect contact with
potential allelopathic substances (extracts) from benthic cyanobacteria.
Petrichtcheva et al., (2002) and Richelle-Maurer et al., (2003) had
previously tested extracts and compounds isolated from the Caribbean
sponges Axinyssa ambrosia and Agelas conifera in the same coral as well.
In the case of Agelas conifera, the minimum concentration in which
the polyps showed retraction was 6 mg L-1 in a period of 270 minutes
(Richelle-Maurer et al., 2003). In this work, we registered a very clear
polyp retraction at much lower (3X) concentrations. Petrichtcheva et al.,
(2002) on the other hand, characterized axynissamine hydrochloride as
the compound responsible for the significant defensive and allelopathic
activity of the sponge Axinyssa ambrosia. at compound caused polyp
retraction at a concentration of 0.007 mg mL-1 and had a LC50= 0.009 mg
mL-1. In our case, cyanobacterial extracts elicited a clear polyp retraction
at lower concentrations (2 mg L-1). Interestingly, all corals recovered and
we did not detect coral mortality at the greatest concentration evaluated
(11 mg L-1). In all these experiments concentrations tested were below the
natural concentrations in the source organisms. Extracts were thus active
at very low concentrations. Clearly, for a substance to have a potentially
allelopathic effect requires its release into the environment. Although it
is difficult to prove how that release actually occurs, in the case of marine
benthic cyanobacteria, water movement and subsequent cell abrasion
could favor the release of compounds that could affect other organisms as
suggested by Titlyanov et al., (2007).

Visual determination of bleaching is obviously very subjective, thus
quantification of individual pigments is a better, although difficult,
approach to evaluate this response. In the past, only variations in the
content of chlorophyll-b were indicative of coral bleaching, it is also
important however, to take into account variations in xanthophyll and
carotene contents (Venn et al., 2006). Although the assay evaluated
the potentially allelopathic properties of cyanobacterial extracts, anoxic
effects or the activity of sulfate reducing bacteria cannot be discarded
(Baumgartner et al., 2006).

Shading controls and plain PhytagelTM controls, did not appear to elicit
bleaching in twigs of Porites porites. us bleaching effects were attributed
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to substances present in the treatment gels. In the assay, a suggestive trend
of phaeophytin increase was evident by the end of the observation period.
Phaeophytin is a product of degradation of chlorophyll (Cartaxana et
al., 2003), thus a mechanism by which cyanobacteria could compete
with corals would be affecting the main photosynthetic pigments of
coral associated zooxnathellae thus debilitating the coral host. e
extract that showed the greatest reduction on the concentration of
zooxanthellae photosynthetic pigments was BPVA, which incidentally
exhibited the greatest toxicity against Artemia salina. is extract was
obtained from a mixed consortium of Lyngbya spp. and Oscillatoria spp.
e cyanobacterium once referred to as Lyngbya majuscula is recognized
as a prolific source ooxic and allelopathic compounds. However, recent
genetic and chemotaxonomical studies have reassessed the taxonomy of
the genus Lyngbya and allowed to reclassify this group in a complex of
species within the genera Moorea and Okeania, which explains the great
chemical variability in this group of cyanobacteria (Engene et al., 2011;
Engene et al., 2012; Engene et al., 2013 a, b).

CONCLUSIONS

Our results show that some consortia of marine benthic cyanobacteria
from the Colombian Caribbean have negative effects on corals and
that allelopathic mechanisms may play an important role in competitive
interactions between corals and cyanobacteria. Negative effects may be
either as a result of abrasion by direct physical contact but also due to
potentially allelopathic mechanisms affecting coral larvae and indirectly
or directly affecting adult corals. ese mechanisms along with those
that confer protection against herbivory constitute effective adaptations
enabling cyanobacteria to effectively colonize the substrate, forming large
mats, dominating and surviving in reef environments.

ACKNOWLEDGEMENTS

We acknowledge financial support from Universidad Jorge Tadeo
Lozano, Universidad Nacional de Colombia, Fundación para la
Promoción de la Investigación y la Tecnología del Banco de la República,
Fundación Mariano Ospina Pérez-ICETEX and Colciencias (Project
1216-452-21241). E. Alvarado, V. Pizarro and their research teams
provided remarkable insights on coral reproduction and provided great
help in collecting coral embryos. anks to U Steele, D Ryan Steele,
J Vasquez, N Restrepo, I Hernández and Diving Planet Cartagena for
their help in field work. e continuous support by Rafael Vieira and all
the staff at CEINER in San Martin de Pajarales Rosario Island has been
fundamental for our field work over the years.



Acta Biológica Colombiana, 2019, 24(2), ISSN: 0120-548X / 1900-1649

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative

REFERENCES

Alvarado E, Acosta A. Fertilidad y fecundidad de Montastraea annularis en un
arrecife degradado. Bol Invest Mar Cost. 2009;38(2):91-108. Doi: https:
//doi.org/10.25268/bimc.invemar.2009.38.2.173

Baumgartner L, Reid R, Dupraz C, Decho A, Buckely D, Spear J, et al. Sulfate
reducing bacteria in microbial mats: changing paradigms, new discoveries.
Sediment. Geol. 2006;185(3-4):131-145. Doi: https://doi.org/10.1016/
j.sedgeo.2005.12.008

Berry JP, Gantar M, Perez MH, Berry G, Noriega FG. Cyanobacterial Toxins
as allelochemicals with potential applications as algaecides, herbicides and
insecticides. Mar. Drugs. 2008;6(2):117-146. Doi: https://doi.org/10.33
90/md20080007

Birkeland C. Life and Death of Coral reefs. Chapman and Hall, New York.
1997. 536 p.

Birrell CL, McCook LJ, Willis BL. Effects ofalgal turfs and sediment on coral
settlement. Mar. Pollut. Bull. 2005;51(1-4):408-414.Doi: https://doi.org
/10.1016/j.marpolbul.2004.10.022

Cartaxana P, Jesus B, Brotas V. Pheophorbide and pheophytin a-like pigments
as useful markers for intertidal microphytobenthos grazing by Hydrobia
ulvae. Estuar. Coast. ShelfS. 2003;58(2):293-297. Doi: https://doi.org/1
0.1016/S0272-7714(03)00081-7

Chadwick NE, Morrow KM. Competition among sessile organisms on coral
reefs. In: Dubinsky Z, Stambler N, editors. Coral reefs: An ecosystem in
transition. Springer. Heidelberg, London, New York; 2011. p. 347-371.

Chaves-Fonnegra A, Castellanos L, Zea S, Duque C, Rodríguez J, Jiménez C.
Clionapirrolidine A, a metabolite from the encrusting and excavating
sponge Cliona tenuis that kills coral tissue upon contact. J.Chem. Ecol.
2008;34(12):1565-1574. Doi: https://doi.org/10.1007/s10886-008-956
5-5

De Nys R, Coll J, Price I. Chemically mediated interactions between the red alga
Plocamium hamatum (Rhodophyta) and the octocoral Sinularia cruciata
(Alcyonacea). Mar. Biol. 1991;108:315-320.

Diaz-Pulido G, Harii S, McCook LJ, Hoegh-Guldberg O. e impact of
benthic algae on the settlement of a reef-building coral. Coral Reefs.
2010;29(1):203-208. Doi https://doi.org/10.1007/s00338-009-0573-x

Engel S, Pawlik JR. Allelopathic activities of sponge extracts. Mar. Ecol. Prog.
Ser. 2000;207:273-281.

Engene N, Choi H, Esquenazi E, Rottacker E, Ellisman MH, Dorrestein PC, et
al. Underestimated biodiversity as a major explanation for the perceived
rich secondary metabolite capacity of the cyanobacterial genus Lyngbya.
Environ. Microbiol. 2011;13(6):1601-1610. Doi: https://doi.org/10.111
1/J.1462-2920.2011.02472.X

Engene N, Rottacker EC, Kasvtovsky J, Byrum T, Choi H, Ellisman MH, et
al. Moorea producens gen. nov., sp. nov. and Moorea bouillonii comb. nov.,
tropical marine cyanobacteria rich in bioactive secondary metabolites. Int.
J. Syst. Evol. Micr. 2012;62:1171-1178. Doi: https://doi.org/10.1099/ijs
.0.033761-0

Engene N, Paul VJ, Byrum T, Gerwick WH, or A, Ellisman MH.
Five chemically rich species of tropical marine cyanobacteria ohe

https://doi.org/10.25268/bimc.invemar.2009.38.2.173
https://doi.org/10.25268/bimc.invemar.2009.38.2.173
https://doi.org/10.1016/j.sedgeo.2005.12.008
https://doi.org/10.1016/j.sedgeo.2005.12.008
https://doi.org/10.3390/md20080007
https://doi.org/10.3390/md20080007
https://doi.org/10.1016/j.marpolbul.2004.10.022
https://doi.org/10.1016/j.marpolbul.2004.10.022
https://doi.org/10.1016/S0272-7714(03)00081-7
https://doi.org/10.1016/S0272-7714(03)00081-7
https://doi.org/10.1007/s10886-008-9565-5
https://doi.org/10.1007/s10886-008-9565-5
https://doi.org/10.1007/s00338-009-0573-x
https://doi.org/10.1111/J.1462-2920.2011.02472.X
https://doi.org/10.1111/J.1462-2920.2011.02472.X
https://doi.org/10.1099/ijs.0.033761-0
https://doi.org/10.1099/ijs.0.033761-0


Mónica PUYANA, et al. EXPERIMENTAL APPROACHES FOR THE EVALUATION OF ALLELOPATHIC INTERACTIONS
BETWEEN HERMATYPIC CORALS AND MARINE BENTHIC C...

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative

genus Okeaniagen. nov. (Oscillatoriales, Cyanoprokaryota). J. Phycol.
2013;49(6):1095-1106. Doi: https://doi.org/10.1111/jpy.12115

Engene N, Gunasekera S, Gerwick WH, Paul VJ. Phylogenetic inferences reveal
a large extent of novel biodiversity in chemically rich tropical marine
cyanobacteria. Appl. Environ. Microb. 2013;79(6):1882-1888. Doi: http
s://doi.org/10.1128/AEM.03793-12

Engene N, Tronholm A, Paul VJ. Uncovering cryptic diversity of Lyngbya:
the new tropical marine cyanobacterial genus Dapis (Oscillatoriales). J.
Phycol. 2018;54(4):435-446. Doi: https://doi.org/10.1111/jpy.12752.

Fearon RJ, Cameron AM. Preliminary evidence supporting the ability of
hermatypic corals to affect adversely larvae and early settlement stages of
hard coral competitors. J. Chem. Ecol. 1997;23(7):1769-1780.

Ford AK, Bejarano S, Nugues MM, Visser PM, Albert S, Ferse SCA. Reefs
under Siege-the Rise, putative drivers, and consequences of benthic
cyanobacterial Mats. Front. Mar. Sci. 2018;5:18. Doi: https://doi.org/10
.3389/fmars.2018.00018

Horvarth C, Melander W, Molnar I, Molnar P. Enhancement of retention by
ion-pair formation in Liquid Chromatography with Nonpolar Stationary
Phases. Anal. Chem. 1977;49(14):2295-2305.

Hughes TP, Rodrigues MJ, Bellwood DR, Ceccarelli D, Hoegh-Guldberg O,
McCook L, et al. Phase shis, herbivory and the resilience of coral reefs to
climate change. Curr. Biol. 2007;17(4):360-365. Doi: https://doi.org/10
.1016/j.cub.2006.12.049

Jennings S, Polunin NVC. Impacts of fishing on tropical reef ecosystems. Ambio
1996;25(1):44-49.

Jüttner F, Todorova AK, Walch N, von Philipsborn W. Nostocyclamide M.
A cyanobacterial cyclic peptide with allelopathic activity from Nostoc 31.
Phytochemistry. 2001,57(4):613-619. Doi: https://doi.org/10.1016/S00
31-9422(00)00470-2

Kleppel G, Dodge R, Reese C. Changes in pigmentation associated with the
bleaching of stony corals. Limnol. Oceanogr. 1989;34(7):1331-1335.

Knowlton N, Rohwer F. Multispecies Microbial Mutualisms on Coral Reefs:
e Host as a Habitat. Am. Nat. 2003;(162):S51-S62.

Komárek J, Anagnostidis K. Cyanoprokaryota. 2 Teil/2nd Part: Oscillatoriales.
In: Büdel B, Krienitz L, Gartner G, Schagerl M, editors. Süsswasserflora
von Mitteleuropa. Vol. 19/2. Elsevier/Spektrum. Heidelberg. 2005. p.
1-759.

Kuffner IB, Paul VJ. Effects of the benthic cyanobacterium Lyngbya majuscula
on larval recruitment of the reef corals Acropora surculosa and Pocillopora
damicornis. Coral Reefs. 2004;23(3):455-458. Doi: https://doi.org/10.1
007/s00338-004-0416-8

Kuffner IB, Walters LJ, Becerro MA, Paul VJ, Ritson-Williams R, Beach KS.
Inhibition of coral recruitment by macroalgae and cyanobacteria. Mar.
Ecol. Prog. Ser. 2006;323:107-117. Doi: https://doi.org/10.3354/meps3
23107

Leão PN, Engene N, Antunes A, Gerwick WH, Vasconcelos V. e chemical
ecology of cyanobacteria. Nat. Prod. Rep. 2012;29(3):372-391. Doi: http
s://doi.org/10.1039/c2np00075j.

https://doi.org/10.1111/jpy.12115
https://doi.org/10.1128/AEM.03793-12
https://doi.org/10.1128/AEM.03793-12
https://doi.org/10.1111/jpy.12752
https://doi.org/10.3389/fmars.2018.00018
https://doi.org/10.3389/fmars.2018.00018
https://doi.org/10.1016/j.cub.2006.12.049
https://doi.org/10.1016/j.cub.2006.12.049
https://doi.org/10.1016/S0031-9422(00)00470-2
https://doi.org/10.1016/S0031-9422(00)00470-2
https://doi.org/10.1007/s00338-004-0416-8
https://doi.org/10.1007/s00338-004-0416-8
https://doi.org/10.3354/meps323107
https://doi.org/10.3354/meps323107
https://doi.org/10.1039/c2np00075j
https://doi.org/10.1039/c2np00075j


Acta Biológica Colombiana, 2019, 24(2), ISSN: 0120-548X / 1900-1649

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative

Levy O, Dubinsky Z, Achituv Y. Photobehavior of stony corals: responses to
light spectra and intensity. J. Exp. Biol. 2003;206:4041-4049.

Littler DS, Littler MM. Epizoic red alga allelopathic (?) to a Caribbean coral.
Coral Reefs. 1997,16:168.

Louda J, Loitz J, Rudnick D, Baker E. Early diagenetic alteration of chlorophyll-a
and bacteriochlorophyll-a in a contemporaneous marl ecosystem, Florida
Bay. Org. Chem. 2000;31(12):1561-1580. Doi: https://doi.org/10.1016
/S0146-6380(00)00071-1

McCook LJ, Jompa J, Diaz-Pulido G. Competition between corals and algae
on coral reefs: A review of evidence and mechanisms. Coral Reefs.
2001;19(4):400-417. Doi: https://doi.org/10.1007/s003380000129

Moberg F, Folke C. Analysis: Ecological goods and services of coral reef
ecosystems. Ecol. Econ. 1999;29(2):215-233. Doi: https://doi.org/10.10
16/S0921-8009(99)00009-9

Mumby PJ, Steneck R. Coral reef management and conservation in the
light of rapidly evolving ecological paradigms. Trends Ecol. Evol.
2008,23(10):555-563. Doi: https://doi.org/10.1016/j.tree.2008.06.011

Nagle D, Paul VJ. Chemical defense ofa marine cyanobacterial bloom. J. Exp.
Mar. Biol. Ecol. 1998;225(1):29-38. Doi: https://doi.org/10.1016/S002
2-0981(97)00205-0

Paul VJ, acker R, Banks K, Golubic S. Benthic cyanobacterial bloom
impacts the reefs of South Florida (Broward County, USA). Coral Reefs.
2005,24(4):693-697. Doi: https://doi.org/10.1007/s00338-005-0061-x

Petrichtcheva NV, Duque C, Dueñas A, Zea S, Hara N, Fujimoto Y. New
Nitrogenous eudesmane-type compounds isolated from the Caribbean
Sponge Axinyssa ambrosia. J. Nat. Prod. 2002;65(6):851-855.

Puyana M. e fate of corals: will they overcome competition with algae
and cyanobacteria in a changing environment? In: Duque Beltran C,
Tello Camacho E. editors. Corals in a changing world. Croatia: InTech
Publishers. 2018. Doi: http://www.doi.org/10.5772/intechopen.71568

Puyana M, Acosta A, Bernal-Sotelo K, Velásquez-Rodríguez T, Ramos F. Spatial
scale of cyanobacterial blooms in Old Providence Island, Colombian
Caribbean. Univ. Sci. 2015;20(1):83-105. Doi: http://www.doi.org/10.1
1144/Javeriana.SC20-1.sscb.

Puyana M, Prato J. Overgrowth of reef organisms by benthic cyanobacteria in
the Colombian Caribbean. Mutis 2013;3(2):58-60. Doi: https://doi.org
/10.21789/22561498.885

Rasher D, Hay M. Chemically rich seaweeds poison corals when not controlled
by herbivores. PNAS. 2010,107(21):9683-9688. Doi: https://doi.org/do
i.org/10.1073/pnas.0912095107

Reyes J, Santodomingo N, Flórez P. Corales escleractinios de Colombia.
INVEMAR Serie de Publicaciones Especiales No. 14., Santa Marta. 2010.
246 p.

Richelle-Maurer E, De Kluijver M, Feio S, Gaudencio S, Gaspar H,
Gomez R, et al. Localization and ecological significance of oroidin and
sceptrin in the Caribbean sponge Agelas conifera. Biochem. Syst. Ecol.
2003;31(10):1073-1091. Doi: https://doi.org/10.1016/S0305-1978(03)
00072-3

https://doi.org/10.1016/S0146-6380(00)00071-1
https://doi.org/10.1016/S0146-6380(00)00071-1
https://doi.org/10.1007/s003380000129
https://doi.org/10.1016/S0921-8009(99)00009-9
https://doi.org/10.1016/S0921-8009(99)00009-9
https://doi.org/10.1016/j.tree.2008.06.011
https://doi.org/10.1016/S0022-0981(97)00205-0
https://doi.org/10.1016/S0022-0981(97)00205-0
https://doi.org/10.1007/s00338-005-0061-x
http://www.doi.org/10.5772/intechopen.71568
http://www.doi.org/10.11144/Javeriana.SC20-1.sscb
http://www.doi.org/10.11144/Javeriana.SC20-1.sscb
https://doi.org/10.21789/22561498.885
https://doi.org/10.21789/22561498.885
https://doi.org/doi.org/10.1073/pnas.0912095107
https://doi.org/doi.org/10.1073/pnas.0912095107
https://doi.org/10.1016/S0305-1978(03)00072-3
https://doi.org/10.1016/S0305-1978(03)00072-3


Mónica PUYANA, et al. EXPERIMENTAL APPROACHES FOR THE EVALUATION OF ALLELOPATHIC INTERACTIONS
BETWEEN HERMATYPIC CORALS AND MARINE BENTHIC C...

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative

Ritson-Williams R, Arnold SN, Fogarty ND, Steneck RS, Vermeij MJA,
Paul VJ. New perspectives on ecological mechanisms affecting coral
recruitment on reefs. In: Lang MA, MacIntyre IG, Rützler K, editors.
Proceedings of the Smithsonian Marine Science Symposium. Smithsonian
Institution Scholarly Pres., Washington DC. 2009. p. 437-457.

Sam TW. Toxicity testing using the brine shrimp: Artemia salina. In: Colegate
S, Molineux RB, editors. Bioactive Natural Products: Detection, isolation
and structural determination. CRC Press Inc. Boca Raton, Fl. 1993. p.
441-456

Sánchez JA, Alvarado EM, Gil M, Charry H, Arenas OL, Chasqui L, et al.
Synchronous mass spawning of Montastraea annularis (Ellis & Solander)
and Montastraea faveolata (Ellis & Solander) (Faviidae: Scleractinia)
at Rosario Islands, Caribbean coast of Colombia. Bull. Mar. Sci.
1999;65(3):873-879.

Smith JE, Kuwabara J, Flanagan K, duPlessis S, ConeyJ, Beets J, et al. An unusual
cyanobacterial bloom in Hawai'i. Coral Reefs. 2008;27(4):851. Doi: http
s://doi.org/10.1007/s00338-008-0417-0

Steinberg P, De Nys R, Kjelleberg S. Chemical inhibition of epibiota by
Australian seaweeds. Biofouling. 1998;12:227-244. Doi: https://doi.org/
10.1080/08927019809378356

Tan LT, Goh BPL. Chemical ecology ofmarine cyanobacterial secondary
metabolites: a mini review. Coast. Dev. 2009;13(1):1-9.

acker RW, Becerro MA, Lumbang WA, Paul VJ. Allelopathic Interactions
between Sponges on a Tropical Reef. Ecology 1998;79(5):1740-1750.
Doi: https://doi.org/10.2307/176792

Titlyanov E, Yakovleva I, Titlyanova T. Interaction between benthic algae
(Lyngbya bouillonii, Dictyota dichotoma) and scleractinian coral Porites
lutea in direct contact. J. Exp. Mar. Biol. Ecol. 2007;342(2):282-291. Doi:
https://doi.org/10.1016/j.jembe.2006.11.007

Venn A, Wilson M, Trapido-Rosenthal H, Keely BY, Douglas A. e
impact of coral bleaching on the pigment profile of the symbiotic alga,
Symbiodinium. Plant Cell Environ. 2006;29(12):2133-2142. Doi: https:
//doi.org/10.1111/j.1365-3040.2006.001587.x.

Notes

Associate Editor: Nubia E. Matta.

Citation/Citar este artículo como: Puyana M, Prato JA, Nieto CF, Ramos FA,
Castellanos L, Pinzón P, Zárate JC. Experimental Approaches for the Evaluation
of Allelopathic Interactions Between Hermatypic Corals and Marine Benthic
Cyanobacteria in the Colombian Caribbean. Acta biol. Colomb. 2019;24(2):243-254.
DOI: http://dx.doi.org/10.15446/abc.v24n2.72706

CONFLICT OF INTEREST e authors declare no conflicts of interest.

Author notes

Todo el contenido de esta revista, excepto dónde está
identificado, está bajo una Licencia Creative Commons

https://doi.org/10.1007/s00338-008-0417-0
https://doi.org/10.1007/s00338-008-0417-0
https://doi.org/10.1080/08927019809378356
https://doi.org/10.1080/08927019809378356
https://doi.org/10.2307/176792
https://doi.org/10.1016/j.jembe.2006.11.007
https://doi.org/10.1111/j.1365-3040.2006.001587.x
https://doi.org/10.1111/j.1365-3040.2006.001587.x
http://dx.doi.org/10.15446/abc.v24n2.72706


Acta Biológica Colombiana, 2019, 24(2), ISSN: 0120-548X / 1900-1649

PDF generated from XML JATS4R by Redalyc
Project academic non-profit, developed under the open access initiative

*

For correspondence: monica.puyana@utadeo.edu.co


