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Abstract 

 
Knowledge about the effects of plastic waste on the environment is relevant, an important raw material for the industry 
due to its low cost, high durability, and easy molding, but it has had drastic and irreversible consequences for 
ecosystems, including aquatic ones. It is known that in the oceans, this polymer is found in all shapes and sizes, and its 
action on marine biota has been widely described, among the findings being that corals ingest these microparticles when 
they confuse them with their prey, which induce the disruption of zooxanthellae leading to death, in addition to causing 
tissue damage and disease. Despite this, experimental research is still incipient, and this study fills the gap in the 
literature about what effects the microplastics (MPs) most commonly found in the oceans can cause in non-scleractinian 
corals. It was found that the concentration of microplastics used in this study caused physiological effects in the soft 
coral Xenia elongata, affecting respiratory functions, growth, and even leading to mortality. 
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INTRODUCTION 
 

Due to its low cost, high resistance, and 
lightness, it is possible to find materials made from plastic 
polymer in various sectors, after all, it facilitated the 
automobile line, contributed to the durability of food in 
markets, revolutionized medicine, structured 
technological devices, among other applications (Derraik, 
2002). However, although the widespread use of plastic 
materials began only half a century ago, its success 
generates social, economic, and environmental 
consequences (Debrot et al., 2013). Once in the 
environment, plastic particles can reach a vast range of 
ecosystems, such as the seabed (Peeken et al., 2018), 
mangroves (Maghsodian et al., 2022), coral reefs (Imhof 
et al., 2017), rivers (González-Pleiter et al., 2020) and 
terrestrial ecosystems (Brahney et al., 2020) 

In the oceans, measuring and removing plastics 
becomes an almost impossible task, mainly due to their 
variety of sizes and shapes (nano- (<100 nm), micro- 

(0.0001–5 mm), meso- (5–25 mm) and macroparticles (> 
25 mm). In general, these particles are being fragmented 
by photochemical and mechanical degradation (Ripken et 
al., 2020), and as a consequence entering the food chain 
of marine ecosystems (Browne et al., 2008). There are 
increasing studies showing that the ingestion of MPs in 
the marine environment can have a negative impact (von 
Moos et al., 2012), however little is known about the 
effects on corals (Hall et al., 2015). 

Despite occupying a small territorial percentage 
of the oceans, coral reefs are home to the greatest 
biodiversity of marine ecosystems, which are very 
vulnerable to anthropogenic disturbances, such as 
domestic and industrial pollution, and climate change 
(Hughes et al., 2018A). The main consequence has been 
the interruption of the symbiosis with dinoflagellate 
microalgae, causing bleaching and leading to their death 
(Hughes et al., 2018B). More recently, plastic pollution 
has gained the attention of scientists, as it has been shown 
that this type of pollution is highly harmful to corals, from 
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macroplastics, which are found to entangle animals 
resulting in their suffocation, to micro and nanoplastics, 
whose ingestion by corals (Hall et al., 2015) can increase 
the bleaching of these organisms (Chapron et al., 2018). 

Studies on the effects of plastic MPs on marine 
ecology are more than a decade old (Kane et al., 2020; 
Thompson et al., 2004) and because they are crucial 
ecosystems for marine biodiversity (Spalding and Brown, 
2015), coral reefs have received attention from scientists 
regarding the effect of plastic pollution due to their 
vulnerability and the diverse ways in which the material is 
found in marine ecosystems (de Carvalho-Souza et al., 
2018). Predictions indicate that by 2025 the amount of 
macroplastic adhered to reefs will increase by 40%, 
resulting in tissue damage and increasing the incidence of 
disease in corals (Lamb et al., 2016). 

Research in coral reef environments has been 
gradually increasing, but only seven years ago was the 
ingestion of polypropylene in a rocky, reef-building coral 
demonstrated in an experiment (Hall et al., 2015). There 
is a diversity of coral species that respond differently to 
microplastics (Reichert et al., 2018). In current studies of 
the effects of microplastics on corals, there are more 
experiments on stony corals, some zoanthus (Rocha et al., 
2020), and a few on "soft" corals (Vencato et al., 2021). 
The present study tests the hypothesis that microplastic 
particles present in ocean water can cause damage to soft 
corals, being the first to study the effects on the species 
Xenia elongata using virgin pellets. This work sought to 
test and identify the effects of microplastics on this 
species and fill the gap in the literature regarding the 
effects of the two plastics most found in the oceans, 
namely polyethylene (PE) and polypropylene (PP) 
(Thompson et al., 2004), and what they can cause in 
non-scleractinian corals. 
 

MATERIAL AND METHODS 
 
Animals 
 

We conducted a series of three independent 
experiments using the coral species Xenia elongata 
belonging to the family Xeniidae commonly found on 
shallow reefs in the Indo-Pacific (Fabricius & De’ath et 
al., 2008). The specimens used were obtained from the 
Ocyan Reef marine coral farm and transported to the 
experimental site at the Structural and Functional Ecology 
of Ecosystems Laboratory at Universidade Paulista 
(UNIP), Sorocaba campus, São Paulo, Brazil, under 
appropriate oxygen and temperature conditions. 
Immediately, they were acclimatized and housed in a 
holding aquarium, where they were kept for 
approximately 30 days for acclimatization. In total, 
sixteen colonies of the chosen species with similar sizes 
were used, each glued to a 03x03 cm cement base. 

Aquariums Setup 
 

The experiments were carried out using a hosting 
aquarium, three for tests and one as a control. The test 
aquariums did not have a filtration system, in order not to 
interfere with the dosage of plastic microparticles. The 
water used for cycling was taken from the aquarium 
where the corals are kept in the original breeding, so the 
salinity, phosphate, and nitrate levels were monitored and 
did not change. We perform partial water changes of 10% 
weekly and monitor the parameters before introducing 
them.  

Each aquarium was illuminated with a 40W, 
6400K white light bulb, and a timer programmed so that 
they remained on for approximately 12 hours, simulating 
the time that animals are exposed to sunlight in the 
oceans. The circulation and oxygenation of the control 
water was maintained through the booster system, and in 
the test aquariums we used boyu pumps with porous 
stone. The temperature was maintained at 25°C with a 
variation of ±1°C using a heater and thermostat. 
 
Microplastic Preparation 
 

Virgin PE and PP pellets were obtained from a 
manufacturer (Braskem/MAIS Polímeros do Brasil 
LTDA, Cajamar, São Paulo, Brazil). The pellets were 
mechanically fragmented and size-sorted using a 5-mm 
metal mesh sieve, with all particles used in the experiment 
being <5 mm in size. The administered microplastic 
concentration was set at ~200 particles L⁻¹. Since current 
data on microplastic quantities in coral reef environments 
remain inconsistent, this concentration was based on the 
experimental approach used by Reichert et al. (2019). 

 
Experimental Design 
 

Four specimens were distributed across three 
10-liter aquariums, each representing a different 
experimental treatment: PP (~200 L⁻¹ de polypropylene), 
PE (~200 L⁻¹ de polyethylene), MIX (~100 L⁻¹ de PP + 
~100 L⁻¹ de PE) and control group (no microplastics). 
They were exposed for 48 hours, and after this time, they 
were returned to the hosting aquarium, where they 
remained for 4 days, repeating this procedure for nine 
weeks. The corals were subjected to particles of PP and 
PE, considered the most abundant in marine ecosystems 
(Thompson et al., 2004). The description of the 
experimental design is presented in figure 1. 
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Figure 1. Experimental design and key parameters. Summary of three independent experimental tests of the effects of microplastics on coral health. 

 
Biometric Measurements: Weight and Size 
 

Size measurements were taken with a caliper, 
considering the tissue base to the polyps, whether or not 
the polyps were fully extended. They were measured after 
48 hours of exposure, still inside the test aquarium under 
ideal temperature and circulation conditions so as not to 
cause possible stress. The weight was monitored with an 
analytical scale and was weighed 48 hours before 
returning to the aquarium. 
 
Color and Health Analysis Through Photography 
 

Through daily photographs and visual analyzes 
we compared the colors of the polyps, to quantify this 
information we considered the number 1 for animals in 
the healthy pattern (lighter pink) and 0 for those that 
presented the visual color characteristics considered as 
stressed (darker pink), there is evidence that Xenia 
elongata corals that grow in good lighting conditions are 
lighter compared to those that grow in less lighting, 
however there were no variations in lighting in the 
aquariums throughout the experiments, exposure time and 
type of lighting were the same for all test and control 
aquaria. 

 
Pulsation Monitoring and Video Analysis 
 

The photosynthetic rate of zooxanthellae was 
analyzed by observing the pulses through filming, as the 
decrease in pulse activity is a characteristic observed in 
Xeniidae corals and is related to the photosynthetic rate 
(Cohen et al., 1977). Through the footage, we counted the 
act of pulsation made by the choir, for this we considered 
an average per minute, when completing the pincer 
movement, we counted 1 pulse. 

Furthermore, the physiological condition of coral 
specimens in response to exposure to microplastics was 
monitored by filming and photographic records during the 

48 hours of exposure. We later compared whether there 
was tissue development or disintegration, loss of 
pigments, necrosis, or death. 
 
Statistical Analysis 
 

Statistical analyses were performed in SAS 9.3 
(Cary, NC). Percent symbiont loss data were transformed 
by arcsine-square root and analyzed using two-way 
ANOVA and Tukey post hoc tests to compare Corexit 
doses between the exposure times. Zooxanthellae density, 
normalized to protein content data, was analyzed using 
the same statistical tests. Pulse rate and relative oxygen 
saturation data were analyzed for a significant effect of 
dispersant concentration and exposure time with repeated 
measures ANOVAs. Pulse intensity data were analyzed 
for the treatments separately using two independent 
samples of Kruskal-Wallis tests. Alpha was set at 0.05. 

 
RESULTS 

 
During the experiment, the specimens kept in the 

control and PP aquariums showed no mortality 
throughout the nine weeks of testing. Although the PE 
group appeared to exhibit the same outcome by the ninth 
week, one individual died, leaving no tissue available for 
collection. The results observed in the MIX plastic 
exposure were entirely different; three individuals died in 
the third week, and in the following week, the only 
remaining Xenia elongata individual died, resulting in 
100% mortality before the nine weeks of exposure. Figure 
2 displays these data in the boxplot, with the Control and 
PP groups showing identical results, no data dispersion, 
and all specimens surviving until the end of the 
experiment. The PE group contained an outlier, indicating 
the loss of one specimen, resulting in 75% survival. The 
MIX group showed the most significant variability, 
revealing a progression of mortality where only one 
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individual survived beyond the first weeks of exposure. 
ANOVA indicated significant differences between groups 
(F = 19.41; p < 0.0001). A Tukey post-hoc test revealed 
significant differences (p < 0.0001) between all groups 
when compared to the MIX treatment (control vs. MIX, 
PP vs. MIX, and PE vs. MIX).  

 

 
Figure 2. Living specimens during the weeks. PP - exposed to 

polypropylene; PE - exposed to polyethylene; MIX - exposed to the 
mixture of plastics. 

 
All specimens exhibited a reduction in size 

throughout the tests, including those in the control group. 
The final mean values (±SD) for each group were: PP 
(5.90 ± 3.25), PE (3.2 ± 1.81), MIX (2.5 ± 2.03), and 
Control (6.1 ± 1.04). ANOVA revealed that corals 
exposed to the MIX treatment experienced the most 
severe length reduction, with an average decrease of 2.25 
cm compared to the control. This reduction was 
significant from the second week of exposure onward. 
Corals exposed to PE also showed a negative impact, with 
an average reduction of 2cm starting in the fourth week. 
The PP group was the only one to show growth relative to 
the control during the initial weeks of exposure; however, 
they exhibited a significant reduction starting in the sixth 
week. 

A separate ANOVA was conducted to evaluate 
the impact of plastic exposure on the weight of the tested 
corals. Corals exposed to MIX and PE did not show a 
significant weight reduction compared to the control 
group (p = 0.3358; p = 0.21580), while the effect of PP 
exposure was nearly negligible (p = 0.94500). However, 
exposure time had a significant impact on coral weight. 
From week 5 onward (p = 0.04724), coral weight began to 
decrease significantly compared to week 0. This effect 
was particularly evident in the interaction between 
treatments and weeks, especially in the MIX group, where 
the weight reduction was pronounced and significant over 
time. 

Following the ANOVA, a Tukey post-hoc test 
revealed that, throughout the experiment, the MIX group 
consistently exhibited the greatest reduction in both 
weight and length compared to the other groups, with 
statistically significant differences (p < 0.001). From the 
second week onward, there was a clear separation 

between the MIX group and the other groups, with this 
difference becoming more pronounced over time. By the 
ninth week, the PE group also showed a significant 
reduction compared to the control (p = 0.0122) (Figure 3). 

 
Figure 3. Box-plot weight and length during the weeks. PP - exposed to 

polypropylene; PE - exposed to polyethylene; MIX - exposed to the 
mixture of plastics. 

 
Regarding weight loss, this was lower when 

exposed to PE and PP compared to the MIX. The control 
group showed a small loss in the first exposures, 
remaining linear. The experiment with the MIX showed a 
marked loss from the second exposure onwards. Despite 
the differences described throughout the experiment, there 
were no significant differences between the weights in the 
treatments over the exposure times (F = 2.4491, p < 
0.0819). The final mean values (±SD) for each group 
were: PP (59.7 ± 7.62), PE (52.3 ± 6.37), MIX (46.2 ± 
25.57), and Control (61.5 ± 5.24). 

The photographic records showed that only one 
control individual showed color variation in the 
penultimate week of testing, but there was recovery. In the 
experiment with PP, the color variation began from the 
sixth week, and all individuals also showed recovery, 
while in the experiment with PE, the variation started in 
the fourth week, even though they recovered their healthy 
condition in the weeks following the last two weeks. 
Remained in a darker pink condition. In the experiment 
with the MIX in the first week, there was already a color 
variation, and no individual recovered (Figure 4). 

 

Figure 4. Color variation during the weeks. PP - exposed to 
polypropylene; PE - exposed to polyethylene; MIX - exposed to the 

mixture of plastics. 
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Through pulse counting we evaluated this 
movement on the first and second test day during the 9 
weeks, the animals subjected to plastic exposure had a 
decrease in movement. It can be observed through Figure 
5 that the mean pulse values per minute of the polyps 
varied between treatments. The control group remained 
with low variation between specimens, indicating stable 
physiological conditions throughout exposure. The PP 
and PE treatments had averages close to zero and little 
data variation, indicating strongly reduced pulsation in 
this group, but both with outliers, suggesting that some 
showed positive physiological activity at some moments. 
The group exposed to the mixture (MIX) had a higher 
average than PP and PE and greater data dispersion, 
which may be associated with early mortality of 
specimens in this exposure, yet the median is close to 
zero. When comparing the tests, an ANOVA revealed a 
significant difference among the groups (F = 20.35, p < 
0.001). Tukey's post-hoc test showed that all groups 
exhibited significant differences when compared to the 
control (p < 0.001). 

 
Figure 5. Average pulse rate per minute during the weeks. PP - exposed 
to polypropylene; PE - exposed to polyethylene; MIX - exposed to the 

mixture of plastics. 
 

DISCUSSION 

The experiment is groundbreaking in exposing 
the pulsating soft coral Xenia elongata to real quantities 
of MPs, both individually and in combination. This 
species was selected due to its high sensitivity to changes 
in water quality and its unique polyp pulsation behavior, 
which plays a role in aiding oxidative stress regulation. 
Furthermore, a literature review revealed that Xenia 
elongata has only been used in studies involving exposure 
to chemical dispersants (Studivan et al., 2015), 
highlighting the relevance and innovation of this research. 

Other similar studies, such as that by Hierl and 
Westphal (2021) who exposed scleractinian corals to PET 
microparticles for 24h with weekly intervals over five 
months, also reported high survival rates and color 
changes, but did not observe bleaching. A pattern similar 
to that verified in the present study with the plastics tested 
separately (PP and PE). Convergent results were obtained 
by Reichert et al. (2019), who tested the same PE 

concentration used in this study on different scleractinian 
corals and observed changes in photosynthetic parameters 
after 12 weeks, with the first signs of health impairment 
appearing 6 weeks after exposure began. These findings 
reinforce the importance of studies with prolonged 
experimental periods, like that conducted in this research, 
and corroborate that individually tested plastics produce 
distinct effects from those observed in mixtures - a 
methodological gap still poorly explored in experimental 
coral studies, but essential for more realistic marine 
environment simulations.  

Different experiments with corals have shown 
that MPs can affect energy, growth, cause pathogens, 
influence feeding and photosynthetic performance, and 
even cause bleaching and tissue necrosis (Lanctôt et al., 
2020; Reichert et al., 2018; Savinelli et al., 2020), most 
tests are carried out with plastics individually, in which 
PP and PE are always associated, and it is reported that 
corals mistake them for prey (Hall et al., 2015; Savinelli 
et al., 2020). It has also been shown in research that most 
ingested MPs can be expelled through the mucus that 
corals release (Rotjan et al., 2019). In the study by 
Corinaldesi et al. (2021) where the coral Corallium 
rubrum was exposed to a mixture of MPs, with the 
highest concentrations being PE and PP, it was reported 
that the animals suffered tissue changes, necrosis, stress 
and total mortality after 14 days of exposure. 

In this study, experimental and natural 
environments were both considered, as in other studies 
(Lamb et al., 2018), it was shown that the MIX of plastics 
caused necrosis and death quickly, while individual 
plastics caused mild stress with the ability to reestablish 
healthy conditions, other experiments showed that a 
colony can survive an event light bleaching and 
eventually recapture zooxanthellae (Thornhill et al., 2006) 
however some studies indicate that tissue necrosis 
impedes recovery and often leads to colony mortality 
(Rodolfo-Metalpa et al., 2005). 

Other studies with soft corals showed that the 
species Coelogorgia palmosa ingested and adhered to 
plastic microparticles (Vencato et al., 2021). Research 
carried out with corals with long polyps found that MPs 
can lead to damage in the energy metabolism of corals 
such as Tubastrea aurea (Liao et al., 2021), which could 
be an explanation for the reduction in size and weight of 
Xenia elongata in experiments carried out by us. 

Research with Zoanthus sociatus has shown that 
the adhesion of PVC microparticles can reduce the light 
that zooxanthellae absorb to carry out photosynthesis 
(Jiang et al., 2021) scleractinian corals have demonstrated 
in research a relationship between the surface covered by 
MPs and photosynthetic efficiency (Corona et al., 2020) 
which may respond to color variation in the experiment, 
the coral under test may have had its surface influenced 
by   plastic  particles,   decreasing   the   capacity    of   the 
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zooxanthellae to carry out photosynthesis. 

There are studies that show that the 
photosynthetic and respiratory rate of the species Xenia 
elongata occurs through the pulsation of polyps (Cohen et 
al., 1977). The stress observed through the reduction of 
polyps may also indicate that coral respiration has 
increased (Cook & Knap et al., 1983), Lanctôt et al. 
(2020), when exposing the sclarectine coral Stylophora 
pistillata to PE microparticles, measured photosynthetic 
yields and showed that after 4 weeks of exposure, the 
coral also exhibited greater photosynthetic efficiency and 
decreased electron transport. Reichert et al. (2019) 
showed the same with six different species of corals with 
concentrations lower than that of Lanctôt for 24 weeks, 
which may answer the decrease in pulsation in this 
experiment as the tests progressed, especially on the first 
day of testing in the case of tests with PP and PE, studies 
with color. 

 
CONCLUSION 

This study showed that exposure to 
microparticles can affect coral activity, including 
respiratory functions, growth, and even species mortality. 
Because they are more resistant to variations, the species 
demonstrated an ability to reestablish their physiological 
conditions. As an animal with characteristic polyps, the 
pulsation indicates the rate and photosynthetic capacity, 
making the stress caused clearer. Few studies address 
reactions to MPs with non-scleractinian corals, making it 
necessary, since they are also important reef builders and 
because they absorb organic compounds they can serve as 
bioindicators. There is also a need for more experiments 
with real projections such as the MIX of plastics, with this 
information being scarce in the literature. 

AUTHORS CONTRIBUTIONS 

BCG: Conceptualization, Methodology, Data 
curation, Writing- Original draft preparation, 
Visualization, Investigation. GMB: Data curation, 
Visualization, Investigation.WSS: Supervision, Writing- 
Reviewing and Editing. 

ACKNOWLEDGEMENTS 
 

The authors gratefully acknowledge Santander 
for the financial support provided through the scholarship. 
We also thank Ocyan Reef Coral Farm for supplying 
corals and seawater for the experiments, and for their 
assistance throughout the study. We are further indebted 
to Thiago Mündel for his expert contributions to the 
statistical analyses. 

 
REFERENCES 

Brahney, J., Hallerud, M., Heim, E., Hahnenberger, M., 
Sukumaran, S. (2020). Plastic rain in protected areas 
of the United States. Sci. 368 (6496), 1257 – 1260. 
https://doi.org/10.1126/science.aaz5819  

Browne, MA, Dissanayake, A., Galloway, TS, Lowe, 
DM, Thompson, RC. (2008). Ingested microscopic 
plastic translocate to the circulatory system of the 
mussel, Mytilus edulis (L.). Environ. Sci. Technol. 
42 (13), 5026 – 5031. 
https://doi.org/10.1021/es800249a  

Chapron, L., Peru, E., Engler, A., Ghiglione, JF, 
Meistertzheim, AL, Pruski, AM., et al. (2018). 
Macro-and microplastics affect cold-water corals 
growth, feeding and behaviour. Sci. Rep. 8, 15299. 
doi:10.1038/s41598-018-33683-6  

Cohen, Y., Nissenbaum, A., Eisler, R. (1977). Effects of 
Iranian crude oil on the Red Sea octocoral 
heteroxenia fuscescens. Environ. Pollut. 12 (3), 173 
– 86. https://doi.org/10.1016/0013-9327(77)90051-9  

Cook, CB, Knap, A. (1983). Effects of crude oil and 
chemical dispersant on photosynthesis in the brain 
coral Diploria strigosa. Mar Biol. 78 (1), 21–7. 
https://doi.org/10.1007/BF00392967  

Corinaldesi, C., Canesi, S., Dell’Anno, A., Tangherlini, 
M., Di Capua, L., Varrella, S., et al. (2021). Multiple 
impacts of microplastics can threaten marine 
habitat-forming species. Commum Biol. 4, 431. 
https://doi.org/10.1038/s42003-021-01961-1  

Corona, E., Martin, C., Marasco, R., Duarte, CM. (2020). 
Passive and Active Removal of Marine 
Microplastics by a Mushroom Coral (Danafungia 
scruposa). Front. Mar. Sci. 7, 128. doi: 
https://doi.org/10.3389/fmars.2020.00128  

De Carvalho-Souza, GF, Llope, M., Tinôco, MS, 
Medeiros, DV, Maia-Nogueira, R., Sampaio, CLS. 
(2018). Marine litter disrupts ecological processes in 
reef systems. Mar. Pollut. Bull. 133, 464 – 471. 
https://doi.org/10.1016/j.marpolbul.2018.05.049  

Debrot, AO, van Rijn, J., Bron, PS, de León, R. (2013). A 
baseline assessment of beach debris and tar 
contamination in Bonaire, Southeastern Caribbean. 
Mar. Pollut. Bull. 71, 325 – 329. 
https://doi.org/10.1016/j.marpolbul.2013.01.027.  

Derraik, JGB. (2002). The pollution of the marine 
environment y plastic debris: a review. Mar. Pollut. 
Bull. 44 (9), 842 – 852. 
https://doi.org/10.1016/S0025-326X(02)00220-5  

Fabricius, KE, De'ath, G. (2008). Photosynthetic 
symbionts and energy supply determine octocoral 
biodiversity in coral reefs. Ecol. 89 (11), 3163 – 
3173. https://doi.org/10.1890/08-0005.1  

González-Pleiter, M., Velázquez, D., Edo, C., Carretero, 
O., Gago, J., Barón-Sola, Á., et al. (2020). Fibers 
spreading worldwide: Microplastics and other 
anthropogenic litter in an Arctic freshwater lake. Sci. 
Total Environ. 722, 137904. 

 

https://doi.org/10.1126/science.aaz5819
https://doi.org/10.1021/es800249a
https://doi.org/10.1016/0013-9327(77)90051-9
https://doi.org/10.1007/BF00392967
https://doi.org/10.1038/s42003-021-01961-1
https://doi.org/10.3389/fmars.2020.00128
https://doi.org/10.1016/j.marpolbul.2018.05.049
https://doi.org/10.1016/j.marpolbul.2013.01.027
https://doi.org/10.1016/S0025-326X(02)00220-5
https://doi.org/10.1890/08-0005.1


Effects of Microplastics on Coral Xenia elongata…                                                 Ecotoxicol. Environ. Contam., v. 20, n. 1, 2025   33 
 

https://doi.org/10.1016/j.scitotenv.2020.137904  
Hall, NM, Berry, KLE, Rintoul, L., Hoogenboom, MO. 

(2015). Microplastic ingestion by scleractinian 
corals. Mar. Biol. 162 (3), 725 – 732. 
https://doi.org/10.1007/s00227-015-2619-7  

Hierl, F, Wu, HC & Westphal, H., (2021) Scleractinian 
corals incorporate microplastic particles: 
identification from a laboratory study. Environ Sci 
Pollut Res 28, 37882–37893. 
https://doi.org/10.1007/s11356-021-13240-x  

Hughes, TP, Anderson, KD, Connolly, SR, Heron, SF, 
Kerry, JT, Lough, JM, et al. (2018A). Spatial and 
temporal patterns of mass bleaching of corals in the 
Anthropocene. Sci. 359, 80 – 83. 
https://doi.org/10.1126/science.aan8048  

Hughes, TP, Kerry, JT, Baird, AH, Connolly, SR, Dietzel, 
A., Eakin, CM, et al. (2018B). Global warming 
transforms coral reef assemblages. Nature. 556, 492 
– 496. https://doi.org/10.1038/s41586-018-0041-2  

Imhof, HK, Sigl, R, Brauer, E., Feyl, S., Giesemann, P., 
Klink, S., et al. (2017). Spatial and temporal 
variation of macro-, meso- and microplastic 
abundance on a remote coral island of the Maldives, 
Indian Ocean. Mar. Pollut. Bull. 116 (1-2), 340 – 
347. 
https://doi.org/10.1016/j.marpolbul.2017.01.010  

Jiang, S., Zhang, Y., Feng, L., He, L., et al. (2021). 
Comparison of short- and long-term toxicity of 
microplastics with different chemical constituents on 
button polyps. (Protopalythoa sp.). ACS Earth Space 
Chem. 5 (1), 12 – 22. 
https://doi.org/10.1021/acsearthspacechem.0c00213  

Kane, IA, Clare, MA, Miramontes, E., Wogelius, R., 
Rothwell, JJ, Garreau, P., et al. (2020). Seafloor 
microplastic hotspots controlled by deep-sea 
circulation. Sci. 368 (6495), 1140 – 1145. 
https://doi.org/10.1126/science.aba5899  

Lamb, JB, Wenger, AS, Devlin, MJ, Ceccarelli, DM, 
Williamson, DH, Willis, BL. (2016). Reserves as 
tools for alleviating impacts of marine disease. 
Philosophical Transactions of the Royal Society B. 
Biological Sciences. 371 (1689), 20150210. 
https://doi.org/10.1098/rstb.2015.0210  

Lamb, J. B., Willis, B. L., Fiorenza, E. A., Couch, C. S., 
Howard, R., Rader, D. N., et al., (2018). Plastic 
waste associated with disease on coral reefs. 
Science, 359(6374), 460–462. 
doi:10.1126/science.aar3320    

Lanctôt, CM, Bednarz, VN, Melvin, S., Jacob, H., 
Oberhaensli, Swarzenski, PW, Ferrier-Pagès, C., 
Carroll, AR, Metian, M. (2020). Physiological stress 
response of the scleractinian coral Stylophora 
pistillata exposed to polyethylene microplastics, 
Environmental pollution. 263, 114559. 
https://doi.org/10.1016/j.envpol.2020.114559  

Liao, B., Wang, J., Xiao, B., Yang, X., Xie, Z., Li, D., et 

al. (2021). Effects of acute microplastic exposure on 
physiological parameters in Tubastrea aurea corals. 
Marine Pollution Bulletin. 165, 112173. 
https://doi.org/10.1016/j.marpolbul.2021.112173  

Maghsodian, Z., Sanati, AL, Tahmasebi, S., Shahriari, 
MH., Ramavandi, B. (2022). Stuudy of microplastics 
pollution in sediments and organisms in mangrove 
forest: A review. Environmental Research. 208, 
112725. 
https://doi.org/10.1016/j.envres.2022.112725  

Peeken, I., Primpke, S., Beyer, B., Gütermann, J., Katlein, 
C., Krumpen, T., et al. (2018). Arctic sea ice is an 
important temporal sink and means of transport for 
microplastic. Nature Communications. 9 (1), 1505. 
https://doi.org/10.1038/s41467-018-03825-5     

Reichert, J., Arnold, AL, Hoogenboom, MO, Schubert, P., 
Wilke, T. (2019). Impacts of microplastics on growth 
and health of hermatypic corals are species-specific. 
Environmental Pollution. 254, 113074. 
https://doi.org/10.1016/j.envpol.2019.113074  

Reichert, J., Schellenberg, J., Schubert, P., Wilke, T. 
(2018). Responses of reef building corals to 
microplastic exposure. Environ. Pollut. 237, 
955-960. 
https://doi.org/10.1016/j.envpol.2017.11.006  

Ripken, C., Khalturin, K., Shoguch, E. (2020). Response 
of coral reef dinoflagellates to nanoplastics under 
experimental conditions. Research Gate. 310847. 
https://doi.org/10.1101/2020.09.23.310847  

Rocha, RJM, Rodrigues, ACM, Campos, D., Cícero, LH, 
Costa, APL, Silva, DAM, et al. (2020). Do 
microplastics affect the zoanthid Zoanthus sociatus? 
Science of The Total Environment. 713, 136659. 
https://doi.org/10.1016/j.scitotenv.2020.136659.  

Rodolfo-Metalpa R., Bianchi CN, Peirano, A., Morri C. 
(2005). Tissue necrosis and mortality of the 
temperate coral Cladocora caespitosa. Ital J Zool. 72 
(4), 271 – 276. 
https://doi.org/10.1080/11250000509356685  

Rotjan, RD, Sharp, KH, Gauthier, AE, Yelton, R., Lopez, 
EMB, Carilli, J., et al. (2019). Patterns, dynamics 
and consequences of microplastic ingestion by the 
temperate coral, Astrangia poculata. Proc Biol Sci. 
286 (1905), 20190726. 
https://doi.org/10.1098/rspb.2019.0726  

Savinelli, B., Fernández, VT, Galasso, NM., D’Anna, G., 
Pipitone, C., Prada, F., et al. (2020). Microplastics 
impair the feeding performance of a Mediterranean 
habitat-forming coral. Mar. Environ. 155, 104887. 
https://doi.org/10.1016/j.marenvres.2020.104887  

Spalding, MD, Brown, BE. (2015). Warm-water coral 
reefs and climate change. Science. 350 (6262), 769 – 
771. https://doi.org/10.1126/science.aad0349  

Studivan, M.S., Hatch, W.I. & Mitchelmore, C.L. (2015) 
Responses of the soft coral Xenia elongata following 
acute exposure to a chemical dispersant. 
SpringerPlus 4, 80   

 

https://doi.org/10.1016/j.scitotenv.2020.137904
https://doi.org/10.1007/s00227-015-2619-7
https://doi.org/10.1007/s11356-021-13240-x
https://doi.org/10.1126/science.aan8048
https://doi.org/10.1038/s41586-018-0041-2
https://doi.org/10.1016/j.marpolbul.2017.01.010
https://doi.org/10.1021/acsearthspacechem.0c00213
https://doi.org/10.1126/science.aba5899
https://doi.org/10.1098/rstb.2015.0210
https://doi.org/10.1016/j.envpol.2020.114559
https://doi.org/10.1016/j.marpolbul.2021.112173
https://doi.org/10.1016/j.envres.2022.112725
https://doi.org/10.1038/s41467-018-03825-5
https://doi.org/10.1016/j.envpol.2019.113074
https://doi.org/10.1016/j.envpol.2017.11.006
https://doi.org/10.1101/2020.09.23.310847
https://doi.org/10.1016/j.scitotenv.2020.136659
https://doi.org/10.1080/11250000509356685
https://doi.org/10.1098/rspb.2019.0726
https://doi.org/10.1016/j.marenvres.2020.104887
https://doi.org/10.1126/science.aad0349


34  Ecotoxicol. Environ. Contam., v. 20, n. 1, 2025                                                                                                                Prieto  et. al. 
 

https://doi.org/10.1186/s40064-015-0844-7  
Thompson, RC, Olsen, Y., Mitchell, RP, Davis, A., 

Rowland, SJ, John, AWG, et al. (2004). Lost at Sea: 
where is all the plastic? Science. 304 (5672), 838. 
https://doi.org/10.1126/science.1094559  

Thornhill, DJ, Lajeunesse, TC, Kemp, DW, Fitt, WK, 
Schmidt, GW. (2006). Multi-year, seasonal 
genotypic surveys of coral-algal symbioses reveal 
prevalent stability or post-bleaching reversion. Mar 
Biol. 148 (4), 711 – 722. 
https://doi.org/10.1007/s00227-005-0114-2  

Vencato, S., Isa, V., Seveso, D., Saliu, F., Galli, P., 
Lavorano, S., et al. (2021). Soft corals and 
microplastics interaction: first evidence in the 
alcyonacean species Coelogorgia palmosa. Aquat. 
Biol. 30, 133-139. https://doi.org/10.3354/ab00747  

Von Moos N., Burkhardt-Holm P., Köhler, A. (2012). 
Uptake and effects of microplastics on cells and 
tissue of the blue mussel Mytilus edulis L. after an 
experimental exposure. Environ Sci Technol. 46 
(20), 11327–11335. ps://doi.org/10.1021/es302332  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Editor-in-chief:  
Dr. Jeamylle Nilin  
 
Associate Editor: 
Dr. Manildo Marcião Oliveira 

                            This is an open-access article distributed under the terms of the Creative Commons  
                               Attribution License. 

https://doi.org/10.1186/s40064-015-0844-7
https://doi.org/10.1126/science.1094559
https://doi.org/10.1007/s00227-005-0114-2
https://doi.org/10.3354/ab00747
http://doi.org/10.1021/es302332

