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a b s t r a c t

The impact of low-density polyethylene (LDPE) microplastics (<100 mm; P100-A P100-B, P100-C, 100 e200 mm; P200, 200e500 mm; P5
formosa was investigated. This study investigated the bleaching and necrosis extent of A. formosa caused by LDPE contamination via la
staghorn coral ingested the microplastics, resulting in bleaching and necrosis that concomitantly occurred with the release of zooxant
experimentation was the worst case, showing bleaching by day 2 (10.8 ± 2.2%) and continued bleaching to 93.6% ± 2.0 by day 14 follow

necrosis. The overall results confirmed that the LDPE concentration impacts coral health. We highlighted that microplastics have been ingested and 

partially egested. Their presence showed either a direct or indirect impact on coral polyps via direct interaction or through photosynthesis perturbation 
due to microplastics that cover the coral surface.
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2. Methodology

2.1. Coral selection and sampling

Acropora formosa (Dana, 1846) colony fra
colonies were easily identified by a brown
usually a dominant species that stands over
1. Introduction

Plastic production has increased b
developing countries such as Indones
and other sources as debris. The pho
to accumulations and obvious fragm
microplastics (Andrady, 2011). These
addition to macroplastics, the occurr
 since 1975 and has reached 322 million metric tons in the year 2015 (Jambeck et al. 2015). In 
tic wastes are not well managed and can enter the sea through land runoff, industrial activity 

 pro-cess, thermal-oxidation, weathering, hydrolytic removal and large biotics all contribute 
ions of plastic debris, thus resulting in the subsequent transformation of the debris into 
lastics have become a global issue and a growing environmental concern (GESAMP, 2015). In 

and impacts of microplastics were also studied in surface water (Barnes et al. 2009; Syakti et 
04), sediments (Van Cauwenberghe et al. 2015) and even in a deep sea habitat (Fischer et al. 
 effects of microplastics on marine species to increase scientific knowledge on this subject has 
 has the ingestion capacity for the LDPE microplastics powder and the po-tential effects of 
become an increasingly common e
microplastics that may be ingested 
transfer. The microplastics hazard 
microplastics being ingested by vario
(Steer et al. 2017), clams and worm
Sjollema et al., 2016). However, mic
interaction of microplastics with cor
subsequent declines in health (Allen 

With 2,915,000 square kilometers
risk (Reefbase, 2018). To the best of 
reefs. In this study, we hypothesized
coral health (bleaching and necrosis
aquarium system with Acropora form
most plastic usage in particularly for
working hypothesis of whether A. fo
or. For instance, Wright et al. (2013) reviewed the physical and chemical impacts of 
ine invertebrate from low trophic fauna and translocated the microplastics via the trophic 
so been reported recently by Lusher et al. (2015). Others have studied the dangers of 
anisms, including bivalves (Faggio et al., 2018), fish (Halstead et al., 2018) or even fish larvae 

 Cauwenberghe et al. 2015), crabs (Watts et al., 2014), and zooplankton (Cole et al. 2015; 
ics studies on scleractinian coral are still limited. Few studies cited here have included the 
all et al. 2015; Allen et al. 2017) and their physio-logical responses to chemoreception and 
17; Reichert et al. 2017).
rine area, Indonesia encompasses by 17% of the world's total coral reef area, but 82% of it is at 
owledge, this paper is the very first work dealing with the effects of microplastics on coral 
er coral can ingest microplastics and low-density polyethylene (LDPE) and how it can affect 
est this hypothesis, we used LDPE microplastics powder as the contaminant model in an 
ana, 1846), a species that is widely distributed in Indonesian reef waters. LDPE is one of the 
 caps, which are commonly found in marine environments (GESAMP, 2015). We tested the 
18). For this purpose, we i

microplastics on, at least in part, the
2015; Allen et al., 2017; Hankins et
cal form of the coral or any potential leaching of unknown additives to the coral (Hall et al., 
 LDPE materials and their le

gments were collected from
 or cream color and the co

 5 m across. Since divers coll
nvestigated the immediate impacts of LDPE microplastics on A. 
achates.
 waters of Bintan Island, in the Beralas Pasir island reef slope. The 
lonies are arborescent, with cylindrical branches. A. formosa is 
ected A. formosa at 4e7 m of depth, the branches are

http://crossmark.crossref.org/dialog/?doi=10.1016/j.chemosphere.2019.04.156&domain=pdf
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often short and compact. They are distinct because they have exertin
show regular colonization. Two to four branches of the 72 coral fragm
more than 1 cm were cut using zinc alloy hand pruning shears. Th
containers filled with seawater that was taken from the depth where

2.2. Experimental design

In the laboratory, coral fragments were attached by cable ties to a
pole in the center of the ceramic sheets (12 cm � 15 cm). Fragments
to the start of the experiment. Two series of 14 days experiments w
con-taining 25 L of natural seawater (60 � 25 � 20 cm). The first se
ingest the microplastics, as well as any hazards they posed to A. form
sizes of microplastics (<100 mm; 100e200 mm; 200e500 mm). Each s
aquaria, including a control. For each aquarium, 6 fragments of A. f
prepared by gridding 19 L gallon caps via a commercial grindin
contamination was detected at a concentration of approximately 0.15

The second series is carried out in order to test whether the incre
second series used 12 aquaria, where 3 aquaria serve as con-trols a
concentrations i.e., 0.05 g. L�1, 0.1 g. L�1, and 0.15 g. L�1. using <1
number of zooxanthellae during the time of experimentation. One fr
at each day of harvest. Coral fragments were harvested on day-0, day
were rinse with sea water and can be stored at freezer prior for the an

All aquaria were placed and kept at a temperature of 28.0 �C ± 1.0
temperature was 27 �C and was equipped with sub-mersible heater
offset any temperature descent in the evening. The aquaria was stati
system each two day which is losse due to exper-imentation and 
cycle was set up as 24:0. Other water quality param-eters such as pH
Lutron Elektronic for pH/ORP, DO, CD/TDS meter type YK-2005WA.

2.3. Visual observation

Samples were observed using Nikon Binoculars and Binoculars O
abundance was observed using a Sedgewick Rafter Counting Cham
was performed using the World Registration of Marine Species webs

.4. Microplastic identification

LDPE microplastics are prepared by gridding 19 L gallon caps via a
ange of mesh size used. The microplastic polymers were confirme
amples and fragments of plastic cups were compressed in a diamon
btained using a Thermo Electron Nexus spectrometer (Syakti et al. 2
ATR) and were corrected using the ATR correction in OMNIC™ softw
ith 64 accumulations and a spectral resolution of 4 cm�1. The spe
300e2400 cm�1. The polymer identification was performed base
tandards in a spectral library with >85% similarity, with the polymer

.5. Determination of surface area on impacted polyp colonies

Coral surface areas were determined as an average by four in-divid
urface by a modified aluminum foil wrapping methods (Bergey and
as fitted from the surface area data of the cut aluminum foil (1, 2, 3,
oral fragments was then carefully wrapped in the foil by minimizing
over each coral fragments was then used to estimate the surface are
nd bleaching surface areas that cover the fragments.

.6. Dissolving and extracting the coral living tissues and nonliving ske

To estimate the amount of the LDPE powder ingested in the A. f
inimum volume of formic acid for 60 min to dissolve both its tissu

iquid and then were transferred to a glass beaker prior to evapo-ratio
2O2 4% to eliminate the organic materials absorbed into plastic parti
nCl2 (5 M) solution. The floating plastics were separated by filtration
ial corallites and tubular radial corallites that vary in size and 
ts that have 3e5 cm long terminal branches and a diameter of 
agments were then transported to the laboratory using box 
 corals were collected.
 performed after the acclimatization of A. formosa in aquaria 
 was conducted to test whether the coral has the capacity to 
. In this series, 12 aquaria are used for trials associated with 3 
class treatment was performed in triplicate in three different 
osa were placed in aquaria prior to LDPE exposure. LDPE is 
achine and then sieving through different mesh sizes. A 

L�1.
ng concentration of microplastics influencing the impact. The 
three others in the series serve as a treatment with different 
mm microplastics size. In this series, we also monitored the 
ent was harvested per aquarium with a n ¼ 3 per treat-ment 
ay-4 day-7, ay-10 and day-14. Once harvested the fragments 
se.
nd a salinity of 32.0 ± 0.5 ppt in an acclimatized room. Room 
mmercial in the aquaria with a set temperature of 28.0 �C to 
 flow through and undergo we added regular water refill into 
poration. To enhance zooxanthellae production, a light-dark 
perature and dissolved oxygen were measured daily using a 

a Microscopes with 100e400 times magnification. Plankton 
(SRC) (APHA, 2012). A rapid identification of zooxan-thellae 
www.marinespecies.org).

mercial grinding machine and then sieving through different 
sing Fourier transform infrared (FTIR) spectroscopy. Powder 
rystal Smart Orbit™ accessory, and the infrared spectra were 
). The spectra were recorded as an attenuated total reflection 
. All the spectra were acquired between 4000 and 450 cm�1, 
 will be corrected for removing H2O and CO2 absorption ca. 
n vibrational bands and a comparison of IR spectra against 
tching references.

l observers’ (students) estimated calculations of the frag-ment 
tty, 2006; Veal et al. 2010). Briefly, a linear regres-sion curve 
.5, 10, 15, 20, 25 and 50 cm2) and its weights. Moreover, each 
e overlapping of the foil. The weight of aluminum foil used to 
n

osa polyp colonies, a frozen coral sample was dissolved in a 
nd skeleton. The free plastics were found in the supernatant 
he remaining residues, including plastic, were oxidized using 
. Plastics were then separated from remaining substances in a 
 weighted.

http://www.marinespecies.org
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t 1.3 ± 0.5% (10th day) and 1.6 ± 3.4% (14th day). Hankins et al. (2018) 
icr  
2.7. Statistical analysis

All observations are presented as the mean values ± their stan-d
Microsoft Excel. Variations within the stations were assessed base
differences are considered significant when p < 0.05.

3. Results and discussion

3.1. Acropora formosa

We estimated the average of the A. formosa polyps and mout
measurements of the selected fragments (n ¼ 60). The results sho
metical means of 2.98 ± 0.87 mm. Furthermore, we estimated 
measurements were randomly conducted to estimate the A. form
approximately 1750 ± 246 mm(n¼ 60) (ranged from 350 mme20
microplastic sizes i.e., <100 mm, 100e200 mm, and 200e500 mm.

During the experiment, pH, DO, and temperature were observe
first 7 days, the pH ranged from 7.31 ± 0.34 to 7.93 ± 0.08. In this tre
to evaporation, the aquariua were supplied by fresh sea water at an
to the pH being increased to approximately 8.2 ± 0.23. Afterward,
reached 6.30 ± 0.09. Regarding the pH pattern, the experiment show
compared to the evening samplings, which were not significantly d
(7.2 ± 0.65) was lower than that in the evening (7.39 ± 0.61). The ran
of previous studies (Cervino et al. 2003; Enochs et al. 2018) and w
ranged from 6.49 ± 0.98 to 7.12 ± 0.46 and showed a significant dec
0.58 and 4.78 ± 0.45, respectively. This phe-nomenon may be di
Temperatures were stable at 28.13 ± 0.57 �C to 28.64 ± 0.53 �C, w
(27.58 ± 0.07 �C to 27.73± 0.09 �C).

3.2. LDPE confirmation

The verification of the microplastics polymer used in this study
that were indicated by the prominent presence of the 2911 cm�1, 
compared to the standard spectra. The bands at 2911 and 2847 cm
symmetrical stretching (ⱱa-CH3), and ⱱa (CH3), while the band 14
vibrations (d-CH2). LDPE was characterized by high CH3 methyl 
indicating an asymmetrical methyl CeH bending or methylene sciss
plane bending region (gr-CH2).

3.3. Impact of LDPE microplastics on A. formosa health (bleaching an

During the course of the experiment, results showing no bleach
larger sizes had fewer impacts on coral health. The P500 and P200 t
until the 7th day. Starting from the 10th day, coral bleaching was ob
P500 results in unhealthy colonies showed coral bleaching extent fr
bleaching accompanied by a slight necrosis symptom quantified a
recently demonstrated the ingestion and egestion of 425e500 mm m
case was found
 deviations (SDs). All statistical data analyses were performed using
n an ANOVA test. Values are reported as the mean ± SD, and the

izes from the fragments stored in 12 aquaria by randomly taking 5
hat the polyp sizes ranged from 2.75 mme3.23 mm with arith-
 mouth sizes from 12 selected aquarium fragments from which 5
 mouth size. Our results showed that the average mouth size was
mm). This result supports our experimental design of using three

he patterns of seawater pH and DO are shown in Fig. 1. During the
ent, seawater pH gradually decreased to 6.73 ± 0.28 (see Fig. 1). Due
tent of 5e10% of the total vol-ume of seawater; this replacement led
m day 8 to day 14, there was a continuous decrease in the pH that
 that measure-ments in the morning (06:00e08:00) had a lower pH
rent from each other (P > 0.05). The mean of the pH in the morning
s of pH in this experiment had similar or greater magnitudes as those
 similar to those observed in the field (Chan and Eggins, 2017). DO
se at the end of the experiment (days 13 and 14), which fell to 4.56 ±
tly related to biological decay due to coral necrosis and bleaching
e from day 7 to day 14, there was a slight decrease in temperature
s done via FTIR ATR spectroscopy. Fig. 2 shows the LDPE poly-mers
47 cm�1, and 1467 cm�1 absorbing groups and their match degrees
orresponded to C-H stretching, indicating asym-metrical vibrations

 cm�1 spectral assignment represented asym-metrical deformation
ups as shown by an intense 720 cm�1 peak, with its assignments
ng; these indications reflect the methylene rocking in the C-H out-of-

necrosis)

 was observed in the control. We report in Figs. 3e5 that plastics of
tments showed no significant differences in coral health percentages
ved and caused major health losses to the colonies. For instance, the
 9.8 ± 2.7% to 25.2 ± 7% at the end of experiment (14 days), with the
oplastics on Mon-tastrea cavernosa and Orbicella faveolata. The worst



in the P100-A experimentation, where LDPE microplastics with a 100 mm size were used with a concentration of 0.15 g/L. Bleaching was 
directly observed by day 2 (10.8 ± 2.2%) and continued in day 4 (24.1 ± 6.8%), with the first appearance of necrosis polyps by an extent of 
0.4 ± 0.6% in the latter. By days 7 and 10 the bleaching dramatically increased to 55.7 ± 5.8% and 83.5 ± 1.8%, respectively, followed by 
necrosis expansions of 2.3 ± 0.7% and 5.7 ± 1.9% respectively. At the end of the experiment, the full bleaching extent was 93.6% ± 2.0, 
followed by 5.9 ± 2.5% necrosis (see Fig. 6). The observed results suggested that the size of the microplastics had a direct impact on coral 
health. A significant difference was observed among the treatments at p < 0.005 when comparing the P100-A, P200, and P500 experiments. 
To answer whether the concentra-tions of the microplastics will also impact the health of the coral, we conducted two other series of 
experiments, P100-B (0.1 g/L) and P100-C (0.05 g/L), by using a microplastics size of less than 100 mm (Fig. 3).
The results showed that starting from day 2, bleachings were recorded at 1.7 ± 0.2% (P100-B) and 3.1 ± 1.0% (P100-C). On day 4, the 
corals continued to bleach at 8.2 ± 0.8% (P100-B) and 8.9 ± 1.3%(P100-C) while necrosis was recorded at 0.7 ± 1.0% (P100-B) and 4.6 ± 
1

Fig. 1. pH and dissolved oxygen (DO; mg/L) variations in the seawater aquarium system. Data points show all daily measurements over the 2-week experiment at 06:00e08:00 and
18:00e20:00.

Fig. 2. FTIR spectroscopy spectra of the microplastics powder (106 mm size) used as a contaminant for Acropora formosa in the aquarium system. Inserted is the match degree (%)
with the standard spectra. Characteristic bands are shown by arrows.
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.2% (P100-C).

Moreover, the bleaching continued to expand on day 7, day 
nd 77.7 ± 1.6%, respectively, for P100-B. Concomitantly, we n
 1.9%, respectively. When the concentration of LDPE was appli
 and P100-B but showed a similar pattern in bleaching cov
owever, the necrosis observation extents were higher co
 0.6%, respectively, for days 7, 10 and 14.

The impacts microplastics have on corals have been previously observ

y producing mucus and showed a feeding interaction with mesentrial fi
tudy showed similar impacts to those observed by Reichert et al. (2017) 
and day 14, which showed values of 37.7 ± 8.1%, 60.8 ± 17.4% 
d the necrosis coverages were 2.2 ± 2.9%, 3.0 ± 2.2% and 4.2 
at 0.05 g/L, its impact was less important compared to P100-
ge as 19.5 ± 2.8%, 38.6 ± 7.2% and 62.5 ± 7.6%, respectively. 
ared to other treatments, showing 8.0 ± 1.1%, 9.9 ± 0.3% and 7.6 
ed by Reichert et al. (2017), who showed a cleansing mech-anism 
lament and egestion, including bleaching and tissue necrosis. Our 
and Hankins et al. (2018).



Consequently, the impacts of microplastics on A. formosa may be hy  
surface of A. formosa reduce light penetration necessary for endo-symbion  
influence of light intensity on zoothantellae (Mortillaro et al. 2009; Kugu  
caused by placing covering mate-rials onto coral tissues. Most articles obs  
increase in tem-perature and nutrient loading (Stimson and Kinzie, 199  
with LDPE to corals that were related to the ingredients of the plastic m  
such as colorants and flame retardants. Even though LDPEs are less toxic  
leaching of additives and oligomers, including for example, BPA, phthalate  
al. 2018). We expected that if the toxic chemicals had any direct or  
zooxanthellae. We are aware that if zooxanthellae leave the coral, a blea  
(direct/indirect toxic effect on coral), we calculated and compared the a  
during the 14-day experimental period between control and P100-A (Tabl

3.3.1. Ingested microplastics
Since P100-A showed a remarkable impact of microplastics, we extra  

treatment for day 0, day 2, day 4, day 7, day 10 and day 14. Table 1 sh  
trapped in the mesentrial of the coral polyps at an extent of 9 ± 7.5 mg  
extent than that of day 0 (P. 0.05). The ex-tracts of corals on day 7 showe  
0.19 mg and reached the maximum at day 7 with an extent of 477 ± 64  
348.7 ± 32.5 mg and 236.8 ± 46.3 mg on day 10 and day 14, respective  
m
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Fig. 3. The living coral surface area using different experimental treatments over 14
days. The averages and standard deviations were obtained in triplicate.

l

Fig. 5. The necrosis surface percentage cover
ments over 14 days. The average and standar
icroplastics by the genera of Acropora, Pocillopora and Porites.

3.2. Egested microplastics
To estimate whether coral egest the microplastics, we also
periment. Microbeads is an accumulation of the microplastics dep
icrobeads) had already formed at an extent of 0.16 ± 0.2 mg/cm2 and continu

t correspondent to a settling of microplastics due to the enhancement of a de

entation. It is possible that the microbeads were present as a result of the adheren
rmation extent increased to 1.02 ± 0.19 mg/cm2 and 1.27 ± 0.32 mg/cm2 on day 
ported at its maximum but the microbead formation extent increased progressi
ve occurred at a greater magnitude after day 7. 
pothesized from two perspectives: (i). microplastics covering the
t zooxanthellae photosynthesis (Fig. 7). Most authors confirmed the
ru et al. 2010), but none stated that reduction in light intensity was
erving zooxanthellae released by the intact corals were caused by an
1; Tanaka et al. 2014). (ii). The toxicity of the chemicals associated
aterials and possibly leached some possibly hazardous sub-stances
 compared to other plastic type polymers, there is still a risk for the
s, citrates, and styrene oligomers (Hansen et al. 2013; Hahladakis et
 indirect influences on coral, they would negatively impact the
ching event will obviously be observed. To test this sub-hypothesis
mount of ingested microplastics and the number of zooxanthellae
es 1 and 2).

cted the three-four fragments of A. formosa representing the P100A
ows that after 6 h, we could already detect the LDPE microplastics
. The amount slightly increased on day 2 at a significantly different
d an important microplastics ingestion action at an extent of 1.02 ±
.7 mg. However, the LDPE mesentrial trapping extent decreased to
ly. Reichert et al.(2017) also showed the ingestion of 37e163 mm of

unted the microbeads formed by microplastics during the
ed on the surface of the ceramics sheets. At day-0, the microplastic beads
 to precipitate at 0.19 ± 0.05 mg/cm2 on day 2. We suggest that this value was
nsity bulk biofouling that led to an increase in density and facilitated sedi-

Fig. 4. The bleaching surface percentage coverage using different experimenta
treatments over 14 days. The averages and standard deviations were obtained in
triplicate.

age using different experimental treat-
d deviation were obtained in triplicate.
ts of microplastics bonding to the bead surface, not egestion. The microbead 
4 and day 7, respectively. Interestingly, by this time (day 7), the ingestion was 
vely until the end of the experiment. This result suggests the egestion might 
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Fig. 6. Microplastic impacts during 14 days of experimentation. A (day 2), B (day 7), and C (day 14).

Fig. 7. Microplastic covering the A. formosa polyps at 14 days of experimentation. A (day 2), B (day 7), and C (day 14).

Table 1
Ingested microplastics (mg) by Acropora formosa over 14 days and microbeads deposition (mg/cm2).

Assays Day 0 Day 2 Day 4 Day 7 Day 10 Day 14

P100-A 9± 7.5 54.2± 16.6 119± 36.4 477± 647 348.7± 32.5 236.8± 46.3
Microbead deposition 0.16± 0.2 0.29± 0.05 1.02± 0.19 1.27± 0.32 2.23± 1.32 4.13± 0.89

Table 2
Zooxanthellae abundance (cells/L) in aquarium water over 14 days. nd¼ not detected.

Day 0 Day 2 Day 4 Day 7 Day 10 Day 14

Control nd nd 187± 160 93± 162 280± 280 467± 162
P100-A 280± 196 560± 485 5133± 3556 6533± 647 19,693± 4277 36,773± 6580

A.D. Syakti et al. / Chemosphere 228 (2019) 528e535 533
s previously reported, some species are capable to egest, retain or im
014; Imhof et al. 2017; Lehtiniemi et al. 2018). Regarding our results
hat was found by Allen et al.(2017), who observed that coral retaine
gestion occurrence extent is a complex phenomenon that involves m

.3.3. Zooxanthellae releases
We observed two distinct zooxanthellae species, i.e. Symbio-dium

ving symbiotic dinoflagellate genera (Gou et al., 2003; Santos, 
ignificantly influenced the releases of zooxanthellae in the water col
icroplastics contamination by observing 280 ± 196 cells/l. It is possi

he microplastics, thus resulting in a stress response in the interna
echanism, but we suggest it will disturb the intact zoothantellae a
upport the natural phe-nomena controlling the postmitotic phase th
umber of zooxanthellae increased over time and gave a maximum v
hat some dead cells or debris of zooxanthellae might not have bee
hellae from day 4 to day 14, but there was no significant difference d
f Littman et al. (2008), who observed zooxanthellae abundances i
dditionally, as observed by Shaw et al. (2012), some pollutant

ooxanthellae and impact the coral via the bleaching symptom.
obilize the microplastics into their organ cir-culation (Set€ala€ et al. 
 ingestion of A. formosa was of a similar or greater magnitude than 
% of the ingested plas-tics. Briefly, predicting the ingestion versus 
 processes and determining a certain pattern.

and Gymnodinium sp. Those species have been referred to as free-
4). Our finding shows that the microplastics remarkably and 
n. An immediate effect was observed on the first day after 3e6 h of 
that this response corresponded to the time of A. formosa ingesting 
echanism of the coral system. We do not yet understand such a 
 then force them out of the coral tissues. Our results also did not 
egulates the den-sity within coral tissues (Littman et al. 2008). The 
e at the end of experimentation of 36,773 ± 6580 cells/l. We noted 
lculated. In the control, we also observed the release of zooxan-
g the course of the experiment. Our results were lower than those 

heir natural habitat; their results ranged from 1-4 x 106 cells/L. 
.e., herbicides, may influence the photosynthetic po-tential of 



4. Conclusion

In the present study, we suggest that microplastics suppress the 
health of A. formosa corals when applying the smallest sizes of LDPE 

F

G

G

H

chemical additives present in plastics: migration, release, fate and environ-
mental impact during their use, disposal and recycling. J. Hazard Mater. 344,
179e199.

H

H

H

H

I
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L

L
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particles. We also showed their immediate impacts in the form of 
coral necrosis and/or bleaching caused by increasing concentra-
tions of LDPE exposure. The increased number of zooxanthellae in 
the water column confirmed that the bleaching occurred after 
zooxanthellae leave the coral polyps due to LDPE artificial 
contamination. We suggest that microplastics, in general, disturb 
coral polyps either through direct or indirect interaction or through 
photosynthesis perturbation due to the microplastics covering the 
surface of the coral. Future studies will need to focus on the 
leaching of plastic adjuvants that may prove potentially toxic. 
Another emerging issue is to understand the observed necrosis that 
may be related to the postmitotic mechanism or pathogens.
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