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Abstract

The impact that microplastics (<5 mm) have on scleractinian coral is largely unknown. This study 

investigated calcification effects, size limits, and retention times of microbeads and microfibers in 

two Caribbean species, Montastraea cavernosa and Orbicella faveolata, in a series of three 

experiments. No calcification effects were seen in the two-day exposure to a microbead 

concentration of 30 mg L−1. M. cavernosa and O. faveolata actively ingested microbeads ranging 

in size from 425 μm–2.8 mm, however, a 212–250 μm size class did not elicit a feeding response. 

The majority of microbeads were expelled within 48 hours of ingestion. There was no difference 

in ingestion or retention times of 425–500 μm microbeads versus 3–5 mm long microfibers. M. 
cavernosa and O. faveolata have the ability to recognize and reject indigestible material, yet, there 

is still a need to study effects of energetics and microplastic contamination as a result of ingestion 

and egestion.
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1.0 Introduction

Ingestion of plastic pollution in the marine environment first drew attention in the 1970s 

with numerous reports of plastics found in seabirds (Parslow and Jefferies 1972, Rothstein 

1973, Hays and Cormons 1974, Baltz and Morejohn 1976, Ohlendorf et al. 1978). Given the 

persistent nature of plastic, it is alarming that total global estimates of plastics produced are 

over 8300 million metric tons (Geyer et al. 2017), with upwards of 12.8 million metric tons 

entering the ocean in 2010 (Jambeck et al. 2015). The widespread occurrence of plastics in 

the marine environment has led to a surge of research on the potential impacts that the 

smaller pieces of plastics, termed microplastics (<5mm), may have on wildlife.
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Microplastics can originate from various sources including degradation of macroplastic, 

industrial processes, synthetic clothing, tire fibers, and personal care products (GESAMP 

2015, Thompson 2015, Boucher and Friot 2017). Once in the marine environment, 

microplastics tend to serve as a surface for microbial community growth as well as attracting 

pollutants (Teuten et al. 2007, Andrady 2011, Zettler et al. 2013). As a result, their density 

increases and they become more bioavailable to organisms in the environment (Ye and 

Andrady 1991, Teuten et al. 2007), including benthic organisms such as scleractinian coral.

Scleractinian corals are both phototrophic and heterotrophic feeders. Corals receive nutrition 

via translocation of photosynthetic products produced by zooxanthellae. However, corals 

also rely on exogenous food sources to meet their nutritional needs which can account for 

15–35% of their daily energetic demand (Houlbrèque and Ferrier-Pages 2009). Coral are 

passive suspension feeders that feed on plankton passing over their tentacles. Small debris, 

such as microplastics, may inadvertently be captured and ingested by the coral. Hall et al. 

(2015) demonstrated that corals ingest microplastic and did so at rates similar to plankton 

uptake, which was supported in subsequent studies (Allen et al. 2017, Reichert et al. 2018). 

Ingestion of plastics by other invertebrates has been shown to reduce energy budgets (Wright 

et al. 2013, Watts et al. 2015, Sussarellu et al. 2016), which could have significant impacts 

on health and reproduction. Although coral calcification relies heavily on photosynthesis 

from zooxanthellae (Porter et al. 1989), heterotrophic feeding becomes important when light 

is restricted or during bleaching (Palardy et al. 2008, Grottoli et al. 2006, Anthony et al. 

2009). Ingested microplastics by coral could potentially reduce the energetic demands 

needed for the calcification process by inhibiting digestion of exogenous food sources, 

especially in times of stress. The evidence of ingested microplastics by corals confirms the 

need for further investigations looking at physiological interactions and potential threats. 

The objective of this study is to evaluate potential effects and interactions of coral responses 

to ingested microplastics for two Caribbean, scleractinian corals, Montastraea cavernosa and 

Orbicella faveolata. In a series of three experiments, this study (1) investigated effects 

ingested microbeads on calcification, (2) determined ingested size ranges (425 μm – 2.8 

mm) and retention times of microplastics by coral, and (3) compared ingestion and retention 

of microbeads versus microfibers by coral.

2. Methods

Three laboratory experiments were conducted using the Caribbean, scleractinian coral 

species, Montastraea cavernosa (large polyp coral) and Orbicella faveolata (small polyp 

coral). Coral were collected from Florida Keys National Marine Sanctuary Coral Nursery 

Program (Permit Numbers FKNMS-2005–057 & FKNMS-2011–036). Species were chosen 

to represent large and small polyp coral species. Coral specimens were maintained for at 

least three months in an indoor coral research facility at the U.S. Environmental Protection 

Agency’s Gulf Ecology Division in Gulf Breeze, Florida. Corals were maintained in 

recirculating culture systems (~1000 L) prior to experimentation. Experiments were 

conducted in a separate recirculating system (~820 L). All systems were kept at a 

temperature of 26.0 ± 1.0°C and salinity of 35.0 ± 0.3 ppt with metal halide lights on a 

9.5:14.5 light:dark cycle. Other water quality parameters such as calcium, pH, alkalinity, 

magnesium, ammonia, and nitrate were all measured prior to experimentation and were 
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within culture condition parameters (Borneman 2001, Delbeek and Sprung 2005, Holmes-

Farley 2010). Light intensity in culture and experimental systems ranged from 25.0–40.0 W 

m−2 depending on age of the bulbs and placement within the system. For each experiment, at 

least three parent colonies of each species were used to cut 4 cm2 fragments using a 

Gryphon Corp. Aquasaw XL (Model C-40). Fragments acclimated in the experimental 

system five days prior to the start of the experiment. Coral fragments in experiment 1 were 

glued to acrylic pegs to sit securely on egg crate. Fragments in experiments 2 and 3 sat 

freely on egg crate within the chambers. The number of replicates varied between 

experiments based on experimental design. During all experiments 100% cotton clothing 

was worn. Exposure to microplastics had to be assumed as corals originated from a natural 

environment. Additionally, culture conditions were not strictly monitored in the years 

leading to the study. Microplastics used in experiments needed to be clearly identified, 

therefore, fluorescent microplastics were used in the smaller size classes.

2.1 Experiment 1: Effects of ingested microbeads on calcification

The first experiment determined if microplastic ingestion impacted calcification in the two 

coral species. Three different size classes of fluorescent, polyethylene microplastic beads 

consisting of mostly smooth surfaces (Cospheric®) were used in this experiment: 90–106, 

425–500, and 850–1000 μm. Polyethylene is a common polymer found in marine sediment 

and surface waters (Teuten et al. 2007, Erni-Cassola et al. 2017). The density of each of the 

three size classes was 1.002±0.006 g cc−1. The approximate density of 26.0°C, 35.0 ppt sea 

water is 1.025 g cc−1, denser than the microbeads. Prior to initiating the experiment, 

microbeads of each size class were placed in separate 80 μm mesh containers and placed in 

culture for curing (i.e. growing biofilm on surface) for six weeks to decrease their buoyancy.

Ten 8 L plastic, circular chambers were used as experimental chambers and contained in a 

water bath to maintain temperature (26.0 ± 0.5 °C; Figure 1). Each chamber had a 3/8” 

needle valve near the bottom for chamber filling. Within each chamber, four fragments of 

each M. cavernosa and O. faveolata rested on egg crate (i.e. louvered ceiling panels) which 

sat atop an 8.5 cm tall stand. A Hydor Koralia 240 pump was used for circulation and was 

positioned in a hole made in the center of the egg crate, and pointed in a downward direction 

(Figure 1). Curing the microbeads prior to the experiment seemed to decrease their 

buoyancy. Although the density of the microbeads was not determined after the curing 

process, the microbeads did not float at the water’s surface and the circulation within the 

chamber was sufficient to keep microbeads in suspension. The 90–106 μm size class 

required the surface of the water to be agitated in order to get the beads in suspension. After 

agitation, all size classes generally remained in suspension as few were detected by means of 

ultraviolet light on chamber walls or at the water’s surface.

The two treatments for the experiment consisted of a control group (not exposed to 

microbeads) and an exposed group, with each group consisting of five replicates. Each 

chamber of the exposed group contained all three microbead size classes at a dose of 80 mg 

microbeads per size class, resulting in a final microbead concentration of 30 mg L−1 (10 mg 

L−1 per size class). Number of particles per liter was approximately 24 for the 850–1000 μm 

size class, approximately 215 particles for the 425–500 μm size class, and undetermined for 
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the 90–106 μm size class. Before the addition of microbeads, water flow from the 

recirculating system was shut off to each chamber and remained off for the two-day 

exposure; water inside the chamber remained circulating via the pump. Each chamber was 

fed 5 mL from a mixture of 0.156 g Golden Pearls® (Brine Shrimp Direct, Ogden, UT) 5–

50 μm coral food in 100 mL seawater to elicit a feeding response in conjunction with 

microplastic application. The recirculating system is equipped with a protein skimmer, 

phosphate reactor, as well as a 1 μm filter to eliminate all sources of nutrients and debris that 

may otherwise be mistaken as food. The addition of food was to simulate the presence of 

zooplankton on a reef to mimic natural conditions whereby microplastics may mix with 

plankton (Boerger et al. 2010). Salinity was not regulated during the static, two-day 

exposure period to eliminate the risk of losing any microplastics that might have adhered to 

the sensor. In preliminary tests, the maximum salinity increase within the chambers was 0.3 

ppt over two days without de-ionized (DI) water adjustments.

Following the two-day exposure, coral tissue was processed to recapture microbeads. 

Processing occurred under UV light. All rinsing steps were performed using DI water, unless 

otherwise specified. Each coral fragment was removed from the chamber and placed into 

individual glass culture bowls. Corals were vigorously rinsed to remove microbeads that 

may have been stuck to the outside of the polyp or acrylic base with filtered (1 μm) seawater. 

The seawater used for rinsing was placed back into its respective chamber. Coral tissue was 

removed from its skeleton using the airbrush method first described by Johannes and Wiebe 

(1970). A metal funnel was placed into a 50 mL Falcon tube to collect all coral tissue. Each 

Falcon tube was then exposed to an ultrasonic cell disruptor (Tekmar sonic disrupter Model 

TM 600 with a Branson ultrasonic converter Model CV17) for 15 s at 30% amplitude to 

emulsify organic matter, a method based from Wagner et al. (2017). A rubber stopper was 

placed on the converter wand to ensure a secure fit inside the Falcon tube. For tissue sample 

filtration, a series of metal sieves (Gilson Company, Inc.) were used: 63 μm, 250 μm, 500 

μm, and 1 mm. Each sieve corresponded with a size class of microbeads: 63 μm to collect 

90–106 μm, 250 μm for 425–500 μm and 500 μm for 850–1000 μm. The 1 mm sieve was 

used to remove large, miscellaneous debris that may have been present. Each coral sample 

was gravity filtered through the sieves to separate out the size classes of ingested 

microbeads. The contents of the sieves were rinsed using DI water into individual 50 mL 

Falcon tubes for each size class. Each size class sample was vacuum filtered through a 

ceramic, Buchner funnel onto a pre-weighed Millipore glass filter (APFD09050, 2 μm pore 

size). Falcon tubes were rinsed with DI water to ensure all potential microplastic beads were 

removed as well as to rinse any residual salt remaining from coral tissue. Samples were 

placed in a dehumidifier for 72 hours until dry. Samples were then individually weighed on 

an analytical balance and the weight of each size class of microbead was determined. 

Additionally, the number of microbead particles was counted for the 425–500 and the 850–

1000 μm size classes. Filtration methods were validated by adding doses of each size class to 

a chamber (n=3) containing egg crate, stand, and pump. The percent average (SD) recovered 

for each size class was 99.37% (SD=0.88), 99.92% (SD=0.50), and 88.8% (SD=16.7) for 

850–1000, 425–500, and 90–106 μm, respectively.

Microbead data was normalized to surface area of the coral fragment. Following the 

acclimation period, and prior to exposure, the top-side of each coral fragment was 
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photographed (Fournie et al. 2012, Enzor et al. 2018). A mask of tissue area was generated 

in image processing software (Adobe® Photoshop® CS3 version 10.0, ©1990–2007 

Adobe® Systems Inc.). The mask was then exported to ImageJ software (ImageJ 1.38×, 

Wayne Rasband, National Institutes of Health, USA; http://rsb.info.nih.gov/ij/; public 

domain) to determine surface area values.

Total alkalinity was measured before and after exposure using open celled titration 

(Metrohm Titrando 905) and used to measure calcification based off of the alkalinity 

anomaly principle, which assumes that for every one mole of calcium carbonate precipitated, 

total alkalinity decreases by two moles (Kinsey 1978). This method is ideal as a non-

destructive protocol to measure short term calcification (Smith and Kinsey 1978, Chisholm 

and Gattuso 1991). Alkalinity was measured at each time point to determine calcification by 

the following equation:

AT2 – AT1 = ΔAT/2 = G

where, AT is total alkalinity (μmol) and G is calcification, i.e. calcium carbonate precipitated 

(μmol). Calcification data were analyzed using a one-way analysis of variance (ANOVA) 

(Minitab 16, Inc.).

2.2 Experiment 2: Determination of ingestion size ranges (425 μm-2.8 mm) and retention 
times

The second experiment measured the retention time of different size microbeads in coral 

polyps following ingestion. The experimental system was composed of a 170 L tank 

containing 120 experimental chambers, made from 2”-diameter polyvinyl chloride (PVC) 

pipe cut into ~5 cm lengths (Figure 2). The bottom of the experimental chamber consisted of 

118 μm Nitex® mesh. The top of the chambers contained the same size mesh around the 

circumference of the top. Experimental chambers contained one coral fragment each and 

were placed on egg crate which sat ~9 cm off the bottom of the tank. Water flow from the 

recirculating system remained on during exposure and two pumps were placed in the tank 

for additional water circulation.

Coral fragments (n=10 per species for each of five treatments) were exposed to three 

microbeads in each of four size classes of uncured, polyethylene microbeads (Cospheric®) 

of the following treatments: (1) 212–250 μm, (2) 425–500 μm, (3) 850–1000 μm, (4) 1.7–2.0 

mm, (5) 2.4–2.8 mm, and (6) a control group not exposed to microbeads. The 212–250 μm 

size class was attempted, however, neither M. cavernosa nor O. faveolata actively ingested 

this size microbead, i.e., they did not retract tentacles after capture as they did with other 

size classes, therefore, samples were not furthered observed. Microbeads were not cured in 

this experiment to ensure that they floated to the surface if egested. Each fragment was fed 1 

mL mixture of 0.156 g Golden Pearls® (5–50 μm) (in 100 mL seawater) with microplastic 

application to elicit a feeding response. While in a PVC chamber, three microbeads of one 

size class were applied directly to coral polyp tentacles (different polyps of a single 

fragment) using a 1 mL transfer pipette, using surrounding seawater if needed. Each 

fragment was visually monitored to ensure ingestion. Corals had a 20-minute time limit to 
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ingest the microbeads; microbeads not ingested were removed from the chamber. The 

control group was fed in the same manner as exposed fragments but without microbead 

application. Video recordings documented ingestion of microbeads except for 425–500 μm 

size class in M. cavernosa, as ingestion occurred too rapidly to record after application of the 

three microbeads. Additionally, the time it took O. faveolata to ingest the 2.4–2.8 mm size 

class exceeded the memory capacity of the camera (18 minutes) for all fragments. The 

number of microbeads in the water at the end of the study were observed to determine if the 

coral polyp had egested the microbeads. These observations were made 48 hours after 

application. Data were recorded as the percentage of microbeads egested per fragment. A 

one-way ANOVA was performed (Minitab 16, Inc.) along with Tukey’s post-hoc pairwise 

comparison.

2.3 Experiment 3: Comparison of ingestion and retention of microbeads versus 
microfiber

The experimental tank, egg crate, and PVC chamber setup was similar to Experiment 2 

(Figure 2). However, only 60 PVC chambers were used and PVC chambers were meshed 

with 80 μm Nitex®. Preliminary studies showed that the 80 μm Nitex® retained the 3–5 mm 

length microfibers for this experimental design. Ten M. cavernosa and ten O. faveolata 
fragments were used per treatment group: (1) exposed to three uncured, fluorescent, 

polyethylene 425–500 μm microbeads (Cospheric®), (2) exposed to three uncured, 

fluorescent 3–5 mm long polyester microfibers (J & P Coats® Model No. C11V24.0009), 

and (3) control group (no microplastic exposure). Polyester has been found to be the most 

prominent type of fiber found in beach sediment (Browne et al. 2011). Microfibers were 

obtained by disassembling polyester thread into single fibers using forceps under a 

dissecting scope. Application of treatments occurred with the same feeding technique as 

Experiment 2, initiating a feeding response with a 1 mL mixture of Golden Pearls® and 

seawater and placing the microbead or fiber on the polyps with a plastic transfer pipette. 

Each fragment was visually monitored to ensure ingestion; microplastics not ingested were 

removed from chamber. All PVC chambers were observed to quantify microbeads in the 

water indicating that coral polyps had egested microbeads. Observations were made 48 

hours after application.

Data were recorded as percentage of microbeads and microfibers egested per fragment and a 

one-way ANOVA was performed (Minitab 16, Inc.) along with Tukey’s post-hoc pairwise 

comparison.

3. Results

3.1 Experiment 1: Effects of ingested microbeads on calcification

Calcification in the control group (M=42.55, SD=20.74 μmol) was slighter higher than the 

exposed treatment (M=39.34, SD=26.97 μmol), however, there was no significant difference 

between the two groups (ANOVA df=1, F=0.56, p>0.05). Of the 40 coral fragments in the 

exposed group, seven fragments contained microplastics from all size classes at the end of 

exposure. Of the microbeads that could be seen through tissue, it appeared that multiple 

microbeads were ingested by a single polyp (Figure 3). As ingestion was haphazard due to 
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the chance encounter of microbead and coral polyp, the sum of the weight of each 

microbead size class was calculated for each species (Figure 4). Microbeads from the 90–

106 μm size class were recovered in 11 coral fragments across all five control chambers, 

nine of which contained 1–5 microbeads and two of which contained an estimated 40–70 

microbeads with weights ranging 0.0–0.8 mg. The consistency of the 90–106 μm 

microbeads was powder-like when dry which made them easily disperse and we speculate 

that contamination of control fragments was from air-borne microbeads.

3.2 Experiment 2: Determination of ingestion size ranges (425 μm-2.8 mm) and retention 
times

M. cavernosa ingested 100% of all microbeads offered in the 425–500 μm, 1.7–2.0 mm, and 

2.4–2.8 mm size classes and a mean of 90.0% (SD=31.6) in the 850–1000 μm size class 

(Figure 5), with no significant differences between size classes (ANOVA, df=4, F=1.0, 

p>0.05) Significant differences (Tukey’s post-hoc p<0.05) ingestion were seen between the 

two smaller size classes and the two larger size classes with O. faveolata ingesting a mean of 

96.7% for both the 425–500 (SD=10.5) and 850–1000 μm (SD=10.5) size classes and a 

mean of 20.0% for the 1.7–2.0 mm (SD=32.2) and 2.4–2.8 mm (SD=23.3) size classes 

(ANOVA, df=3, F=43.48, p<0.05) (Table 1). At 48 hours, M. cavernosa egested 100% of 

ingested microbeads from 425–500 μm, 850–1000 μm, and 2.4–2.8 mm size classes and a 

mean of 96.7% (SD=10.5) from the 1.7–2.0 mm size class. O. faveolata egested 100% of 

ingested microbeads from the 850–1000 μm and 2.4–2.8 mm size classes and means of 

81.7% and 75.0% of the 425–500 μm (SD=24.4) and 1.7–2.0 mm (SD=50.0) size classes, 

respectively. No significant differences in egestion were detected in either species in any size 

class (M. cavernosa: ANOVA, df=3, F=0.96, p>0.05, O. faveolata: ANOVA, df=3, F=1.94, 

p>0.05).

3.3 Experiment 3: Comparison of ingestion and retention of microbeads versus 
microfiber

M. cavernosa ingested 100% of the microbeads and microfibers (Table 1). O. faveolata 
ingested 100% of the microbeads and a mean of 96.7% (SD=10.5) of the microfibers, with 

no differences of ingestion (ANOVA, df=1, F=1.00, p>0.05). At 48 hours, M. cavernosa 
egested 100% of the microbeads and microfibers; O. faveolata egested means of 80.0% 

(SD=23.3) and 76.7% (SD=35.3) of ingested microbeads and microfibers, respectively, with 

no differences of egestion (ANOVA, df=1, F=0.06, p>0.05).

4. Discussion

The results of this study validate other studies showing that scleractinian coral ingest 

microplastics (Hall et al. 2015, Allen et al. 2017, Riechert et al. 2018) and identify several 

areas in need of further research. In this study, we did not find that ingestion significantly 

impacted calcification in two-day exposures. We observed that both the large polyp coral, M. 
cavernosa, and the small polyp coral, O. faveolata, ingested the largest size class (2.4–2.8 

mm) offered, with both species egesting most microbeads within 48 hours. Additionally, we 

did not find a difference in retention times in the 425–500 μm microbead size class 

compared to the 3–5 mm long microfibers. While the largest microbeads offered to the coral 
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were ingested, the smallest size microbead originally obtained for this work (212–250 μm) 

did not illicit a feeding response from coral, providing a lower bound of a size range that M. 
cavernosa and O. faveolata will actively ingest.

In the first experiment, microplastics did not impact overall coral calcification. However, this 

may be because only seven of 40 exposed fragments contained microbeads of all size classes 

upon the conclusion of the experiment. Conversely, preliminary studies leading up to these 

investigations showed that the coral fragments ingested every piece of microplastic that was 

hand-fed to them, upwards of five microbeads per fragment within a minute (unpublished 

data). Although corals were not directly fed in experiment 1, the amount of recaptured 

microbeads from coral tissue seemed relatively low even though microbeads were in 

suspension in the experimental chamber. Hall et al. (2015) observed similar responses with 

only a small percentage of polyps ingesting microplastics also for a two-day exposure. We 

hypothesized that the low number of recaptured microbeads in tissue was because of the 

ability of corals to egest indigestible items (Muscatine 1973, personal observations). Based 

on observations from experiment 1, experiment 2 was designed to determine if ingested 

microplastics are retained or egested by the coral polyp.

Montastraea cavernosa and Orbicella faveolata actively ingested microbeads ranging in size 

from 425 μm −2.8 mm, providing a basis to identify a size range for microplastic ingestion 

by coral. Feeding responses (e.g. active ingestion) in our experiments were defined by 

tentacle capture of microplastic, delivery to the mouth, and enveloping the particle. The 

212–250 μm size class did not elicit a feeding response in either species, notwithstanding, 

that does not mean that corals will not ingest small microplastics. Small or light particles 

may inadvertently be ingested with larger particles as may have been the case in experiment 

1 with the 90–106 μm size class. Since the largest microplastic offered (2.8 mm) was 

ingested, a maximum ingestion size for either species was not determined in this study. 

Ingestion of the two largest size classes was less in O. faveolata compared to M. cavernosa. 
Retention varied by species with O. faveolata generally retaining more microplastics than M. 
cavernosa. Allen et al. (2017) also showed retention of microplastic in the scleractinian 

coral, Astrangia poculata, with 8% retention of 500–1000 μm microplastics. Although 

microbeads are of concern, they represent only one style of plastic.

Microfibers, or plastic threads from synthetic textiles, are another plastic of concern in the 

aquatic environment due to contamination from sewage and wastewater discharge (Browne 

et al. 2011). Microfibers have been found in surface waters, throughout the water column, 

and in marine sediments (Brown et al. 2011, Cincinelli et al. 2017). Results of experiment 3 

show that microfibers 3–5 mm in length can be just as easily ingested as microbeads less 

than 1 mm. Additionally, egestion within each species was roughly the same for microfibers 

and microbeads. By these comparisons, microfibers pose no greater potential harm than 

microbeads, however, this is a cautionary statement as ingestion rates, are likely not only 

species-specific, but size specific as well, as seen in the different rates of 1.7–2.0 mm and 

2.4–2.7 mm microbead size classes in M. cavernosa and O. faveolata.

Although the results of this study do not identify direct acute effects of microplastic 

ingestion by corals, the impact of cumulative consumption remains a concern. Of the 
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microplastics that are not expelled, a coral polyp could retain enough microplastic material 

to block their digestive tract. Coral polyps are interconnected by gastrovascular canals 

within the coenechyme, allowing for the transport of organic compounds throughout the 

colony (Gateño et al. 1998). Presuming that retained microplastics could be transported by 

this mechanism, ingestion of microplastics by even a few polyps may diminish nutrition 

throughout the entire colony. Additionally, repeated egestion of microplastics by coral 

polyps comes with an assumed energetic cost which could eventually have adverse effects 

on the coral colony. We found that M. cavernosa and O. faveolata egest at least 75% of all 

microplastics. While our two-day exposure did not demonstrate a calcification effect, a 

longer exposure may elicit a difference response.

Another emerging issue of ingested microplastics is pollutant toxicity. In addition to the 

polymer composition and potential additives, plastic debris will also adsorb contaminants, 

including metals (often referred to as “cocktail of contaminants” or “plastisphere”), from the 

water column (Mato et al. 2001, Ogata et al. 2009, Van et al. 2012, Rochman et al. 2013a, 

Ashton et al. 2010, Holmes et al. 2012, Rochman et al. 2013a). These cocktails have been 

shown to be bioavailable (via ingestion) across many genera in the food web (Fossi et al. 

2012, Teuten et al. 2009, Besseling et al. 2013, Rochman et al. 2013b, Chua et al. 2014). 

Contaminant uptake by coral could have adverse effects that include reduced fertilization, 

metabolism, and photosynthesis (Pait et al. 2007). Additionally, pathogens have been found 

on microplastics (Zettler et al. 2013, Kirstein et al. 2016), potentially making them vectors 

for infectious diseases, such as those caused by Vibrio coralliilyticus (Ben-Haim et al. 

2003).

This study observed the ingestion and egestion rates of two scleractinian coral species and 

shows that corals egest most of the microplastic that they ingest. The results advise that 

sampling coral may not provide the true number or amount of microplastics that they have 

previously ingested, only what remains at the time of sampling. Additionally, results of this 

study suggest small polyp corals, rather than large polyp corals, may be affected more if the 

retained microplastics inhibits consumption and/or digestion of exogenous food sources. The 

additional stress of plastics on coral is an area of increasing concern and thus far is 

demonstrating negative consequences. Marine debris containing plastic, aluminum, glass, 

and metal has been shown to reduce coral cover (Richards and Beger 2011). Additionally, 

corals are 4–89% more likely to become diseased when exposed to macroplastics (Lamb et 

al. 2018). Lastly, microplastics on the surface of coral can cause tissue necrosis (Reichert et 

al. 2018).

Global stressors such as elevated temperature and increased atmospheric carbon dioxide are 

impacting coral reef habitats worldwide (Hughes et al. 2003, Hoegh-Guldberg et al. 2007). 

A better understanding of the interactions between coral and microplastics can help inform 

local policy development and mitigation strategies. Based on our work, future research with 

longer exposure, different size classes of microbeads and microfibers, as well as introduction 

of pollutants via microplastics in a controlled laboratory setting would help guide protection 

on a local level and improve the resiliency of coral, making them less susceptible to global 

environmental threats.
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Figure 1. 
Diagram of experimental system set-up including 8L experimental chambers used in 

Experiment 1: (a) water bath, (b) experimental chamber with acrylic lid, (c) circulation 

pump, (d) needle valve, (e) egg crate, and (f) stand.
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Figure 2. 
Experimental setup for Experiments 2 and 3: (a) 170L experimental system, (b) drain, (c) 

meshed experimental PVC chambers, (d) circulation pump, and (e) water source (not 

pictured).
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Figure 3. 
Photograph of Montastraea cavernosa under fluorescent stereomicroscope. (a) before 

removing coral tissue and (b) coral tissue partially removed showing ingested microbeads, 

five 850–1000 μm (orange) and two 425–500 μm (green) microbeads.
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Figure 4. 
Average weight (mg) and number of microbead particles per unit of surface area (cm2) 

ingested and recovered from coral fragments at time of tissue processing. No data for 

number of particles in the 90–106 μm size range. Numbers above bars indicated standard 

deviation. ND = not detected.
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Figure 5. 
(a) Mean percent with standard deviation of ingested and egested microbeads in (a) M. 
cavernosa. (b) O. faveolata. Capital letters indicate significant difference between ingested 

size classes (Tukey’s post-hoc). Lower case letters indicate significant difference between 

egested size classes (Tukey’s post-hoc).
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Table 1.

Mean percent average with standard deviation in ingested and egested microbeads and microfibers in M. 
cavernosa and O. faveolata.

 Microbead Microfiber

Ingestion

M. cavernosa 100% (SD=0.0) 100% (SD=0.0)

O. faveolata 100% (SD=0.0) 97.0% (SD=10.5)

Egestion

M. cavernosa 100% (SD=0.0) 100% (SD=0.0)

O. faveolata 80.0% (SD=23.3) 76.7% (SD=35.3)
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