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Introduction

Microplastics (i.e. plastic fragments <5 mm in diameter) are 
a widespread form of contamination in marine ecosystems 
around the globe (Moore 2008). Coastal ecosystems, such 
as inshore coral reefs, are likely to be particularly heav-
ily impacted by microplastics because these contaminants 
often enter the marine environment through fragmentation 
of larger plastic items from terrestrial sources (Thompson 
et al. 2004), including via water treatment plant effluent 
(Browne et al. 2011; Fendall and Sewell 2009). Addition-
ally, coral reefs are popular sites for short and long-term 
visits by tourists, as well as trawlers and recreational ves-
sels, which carry many components that are composed of 
various forms of plastic (Claessens et al. 2011). Routine 
boating, fishing and other recreational activities can poten-
tially introduce plastic debris into the marine environment 
through minor damage to boat hulls that releases paint 
chips into the ocean, and/or inadvertent loss of ropes and 
rigging lines, fishing floats and marker buoys (Ivar do Sul 
and Costa 2014).

At present, the impacts of the accumulation of persistent 
plastic products in the environment remain poorly under-
stood. In some cases, microplastics may be considered a 
harmful pollutant because they can act as both a sink (Mato 
et al. 2001) and a source (Laist 1987; Teuten et al. 2009; 
Zitko and Hanlon 1991) of environmental contamination. 
That is, plastics adsorb and transport other contaminants 
in seawater such as heavy metals (Ashton et al. 2010) and 
persistent organic pollutants (Endo et al. 2005; Mato et al. 
2001; Teuten et al. 2007). Neither plastics nor these con-
taminants easily degrade in the environment, or during 
digestion by organisms, enabling them to bioaccumulate in 
the food chain (Gregory 1996; Rios et al. 2007), and ulti-
mately reach higher trophic levels (Carpenter and Smith 
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1972). For example, the presence of plastics contaminated 
with organic compounds can lead to a significant increase 
in the accumulation of such compounds in sediment-dwell-
ing worms (Teuten et al. 2007). Similarly, seabirds that 
ingest relatively high levels of marine plastics accumulate 
chemicals from those plastics in their body tissues (Tanaka 
et al. 2013). As microplastic debris occupies the same size 
range as sand grains and planktonic organisms (Fendall and 
Sewell 2009), it is available to a wide range of invertebrates 
near the base of the food chain (Browne et al. 2008). There 
is growing evidence that microplastic ingestion can have 
negative impacts on organisms. For example, copepods 
had significantly reduced algal feeding rates when micro-
plastics were present within cultures (Cole et al. 2013), and 
both algal growth and photosynthesis together with plank-
ton body size and reproduction were impeded by plastic 
presence in a mixed Scendesmus-Daphia culture (Besseling 
et al. 2014). Similarly, in addition to blocking the digestive 
tract and preventing normal feeding, microplastic inges-
tion can damage the cells and tissues of organisms such as 
blue mussels (von Moos et al. 2012), fish and crustaceans 
(Laist 1987). However, in other instances, microplastic 
ingestion has had negligible impact on organisms, e.g. 
environmentally relevant concentrations of polyethylene 
plastics did not affect growth or survival of sea urchin lar-
vae, (Kaposi et al. 2014), and plastic ingestion did not sub-
stantially increase exposure to certain plastic additives for 
marine worms and fish (Koelmans et al. 2014). In general, 
the effects of microplastics on marine organisms appear to 
be context and/or species specific, and further research is 
required to determine whether and how particular species 
traits enhance vulnerability of organisms to microplastic 
contamination.

Ingestion of microplastics by amphipods, copepods and 
zooplankton is a potential concern for coral reef health 
since these planktonic organisms are the prey of corals 
(Ferrier-Pagès et al. 2003). Despite previous studies show-
ing that several species of invertebrates are capable of 
ingesting microplastics, there has been no research to date 
on microplastic ingestion by corals. Although symbiosis 
between corals and Symbiodinium spp. provides a source 
of photosynthetic carbon to the coral host, many coral spe-
cies are active heterotrophs, ingesting organisms ranging 
from bacteria to mesozooplankton (plankton size classes 
range from 0.2 to 1,000 μm) that can contribute more than 
50 % of daily carbon requirements (Houlbreque and Fer-
rier-Pages 2009). Previous studies have demonstrated that 
coral feeding is generally non-selective in relation to the 
types of zooplankton captured, but there is a preference for 
food sources <400 μm (Palardy et al. 2008), with common 
species of scleractinian corals feeding on fine particles that 
range in size from 10 to 100 μm (Anthony 1999; Anthony 
and Fabricius 2000; Mills et al. 2004). An affinity for 

smaller-sized food sources such as picoplankton and nano-
plankton rather than larger sources like dinoflagellates and 
diatoms has also been observed among scleractinian (Houl-
breque et al. 2006). Since microplastics fall within the size 
range of particles that corals ingest, corals may be sensitive 
to this pollutant.

The overall objective of this study was to determine 
whether corals can capture and ingest microplastics from 
the water column, using the mound-shaped stony coral 
Dipsastrea (i.e. the Indo-Pacific genus previously classi-
fied as Favia, see Budd et al. 2012) as a study organism. 
Secondly, this study aimed to assess whether or not micro-
plastics are present in Great Barrier Reef (GBR) waters by 
analysing subsurface plankton samples for plastic presence. 
These data increase knowledge of microplastic presence in 
GBR waters, which is currently limited to a single study 
reporting data from only 15 samples in the region (Reisser 
et al. 2013). Clearly, additional data with a larger spatial 
and temporal coverage are required to assess the level of 
plastic contamination in these waters. Corals are the foun-
dation species of reefs, and create much of the structural 
complexity of reefs that, in turn, provides habitat for thou-
sands of invertebrate and vertebrate species (Sano et al. 
1987; Stella et al. 2011). Hence, this study provides a criti-
cal first step towards understanding the potential impacts of 
microplastic contamination on reef ecosystems.

Materials and methods

Coral collection and experimental setup

Fragments of Dipsastrea pallida (previously classified as 
Favia pallida, see Budd et al. 2012) were collected from 
various sites around Orpheus Island in the central region of 
the GBR (18°31′S 146°23′E) during April and May 2013 
from an average depth of ~5 m relative to tidal datum. 
Fragments were transported back to aquarium facilities at 
James Cook University and allowed to acclimate to labora-
tory conditions for >4 weeks. Subsequently, we conducted 
two experiments to determine whether corals do ingest 
microplastics and to quantify the rates of plastic ingestion 
(see Table 1 for an overview).

Microplastic ingestion trials

Fragments of D. pallida (n = 6, size 21–84 cm2) were exposed 
to shavings of blue polypropylene plastic (size 10 μm–2 mm, 
0.395 g L−1) for 48 h in feeding chambers (2.5 L) equipped 
with small pumps to generate water flow (see Table 1). Poly-
propylene was used as it is among the most abundant of plas-
tics commonly found in the marine environment (Reisser et al. 
2013). In the absence of prior information that quantifies how 
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coral microplastic ingestion depends on plastic concentration 
in the water column, we used a high concentration of micro-
plastics (0.395 g L−1) in these trials because our aim was to 
determine whether corals do, in fact, ingest plastic particles. 
We note that plastic particles are highly buoyant resulting in a 
realised concentration of plastic in suspension within the feed-
ing chambers that was substantially lower than the initial con-
centration. Based on visual observation of the plastic particles 
circulating within the chambers, we estimate that the concen-
tration of circulating suspended plastics was ~10–30 % of the 
initial concentration (i.e. 0.1–0.3 g L−1). An incubation period 
of 48 h was used to enable corals to feed on plastics during 
two successive nights. After the incubation period, corals were 
preserved in 10 % formalin in seawater before being decalci-
fied in 3 % formic acid over a period of 72 h. Subsequently, 
the decalcified tissues were dissected using a dissecting micro-
scope to separate individual polyps from each other, and pol-
yps were then sectioned longitudinally. Microplastic ingestion 
was determined by the presence of microplastics in the mouth 
and among the mesenteries of the polyps.

Feeding rate trials

Once plastic ingestion was confirmed (see above), rates 
of plastic uptake by corals were quantified using replicate 
incubations of coral fragments in re-circulating feeding 
chambers. Feeding incubations were conducted overnight 
because this is when most corals extend their tentacles and 
feed heterotrophically (Lewis and Price 1975). Due to the 
buoyancy of the plastics, and their tendency to float and 
aggregate near the corners of the feeding chambers, we 
used both open to the air (2.5 L volume chamber, no lid, 
12 h incubation) and closed (2.1 L volume chamber, fully 
enclosed, 3 h incubation) chambers with different initial 
plastic concentrations to ensure that measured feeding 
rates were not an artefact of the type of measuring chamber 
used, or the initial plastic concentration. Corals were placed 
into chambers ~30 min before the feeding trial began and 
allowed to acclimate and expand their polyps. Subse-
quently, a known initial concentration of polypropylene 
shavings was added to the chambers (0.197 g L−1 ± SD 0.2 
in the open chambers, 0.24 g L−1 ± SD 0.13 in the closed 
chambers). Weights of plastic within each feeding chamber 

were determined by sub-sampling 50 ml of the incuba-
tion microplastic/seawater medium, vacuum filtering these 
samples onto pre-weighed filters (Whatman GF/A, 0.7 
pore size 1.6 µm) to separate the plastics, oven drying the 
filters at 40 °C for 24 h, and weighing on Mettler Toledo, 
MS105 Semi-Micro Balance (accuracy 0.0001). For the 
open chambers, an initial (0 h into the incubation) and final 
(12 h) plastic concentration was measured, whereas initial 
(0.5 h), final (3 h) and interim (1 and 2 h) samples were 
taken for the closed chambers. Change in plastic concentra-
tion was also measured in control chambers (i.e. without a 
coral present) using exactly the same approach as for the 
coral feeding chambers, in order to account for loss of plas-
tics (e.g. due to them sticking to the walls of the chambers 
or other non-feeding-related loss) during the feeding trial. 
For measurements conducted in the open chambers, plastic 
ingestion by corals was then determined from the differ-
ence in initial and final plastic concentrations within cham-
bers minus the change in plastic concentration measured in 
the control chambers. For measurements made in the closed 
chambers, feeding rate was determined from the slope of a 
linear regression of plastic weight versus incubation time 
minus the change in plastic concentration measured in the 
control chambers. Feeding rates were standardised per hour 
to account for differences in the duration of these incuba-
tions. Finally, to account for small differences in fragment 
size, the rate of plastic consumption by corals was normal-
ised to the surface area of each coral as calculated using the 
aluminum foil wrapping method (Marsh 1970).

Presence of microplastics in GBR waters

Sub-surface plankton tows were conducted in the waters 
adjacent to Orpheus and Pelorus Islands (offshore Lucinda, 
Lat: 18°31′S Long: 146°23′E), using a plankton net (with 
a cod-end mesh size of 200 μm, radius of net opening 
15 cm and a net mesh size of 50 μm). Four replicate tows 
of 5 min were conducted at each of three sites (in the chan-
nel between Orpheus and Pelorus Islands, in the channel 
between Pelorus and Fantome Islands and immediately in 
front of Orpheus Island Research Station). Each tow cov-
ered a distance of ~150 m and sampled ~11,000 L of sea-
water. Plastics were separated from organic matter in the 

Table 1  Overview of methodology of various experiments

Experiment type Coral replicates Chamber type Plastic concentration (±SD) Duration 
(h)

Response variable

Ingestion 6 Open chamber 2.5 L, 0.395 g L−1 48 Presence of microplastic particles in mouth and/
or gut cavity

Feeding rates 3 Open chamber 2.5 L, 0.197 g L−1 (±0.2) 12 Rate of plastic ingestion

6 Closed chamber 2.1 L, 0.24 g L−1 (±0.13) 3
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plankton samples using a hypersaturated saline solution 
(Hidalgo-Ruz et al. 2012; Thompson et al. 2004), which 
was vacuum filtered (Whatman GF/A, 0.7 pore size 1.6 µm) 
and oven dried (40 °C for 24 h). To identify individual plas-
tic particles, attenuated total reflectance Fourier transform 
infrared (ATR-FTIR) spectra were acquired using a Nico-
let Nexus 870 FT-IR spectrometer equipped with a Smart 
Orbit diamond ATR accessory (Thermo Scientific, Madi-
son, WI, USA). Spectral data were accumulated for 64 
scans at 4 cm−1 resolution with a wavenumber range of 
4,000–400 cm−1. This is a standard technique for identifi-
cation of microplastics in marine environments (Hidalgo-
Ruz et al. 2012) and achieves an unambiguous polymer 
identification in most cases (Thompson et al. 2004). To 
isolate individual microplastics, particles were visually 
identified using a dissecting microscope and removed from 
the filters. Particles were then pressed directly onto the 
diamond of the ATR probe without further sample prepa-
ration. Absorbance spectra of the particles were matched 
against reference samples available within our laboratory 
and against the Hummel polymer library of IR spectra and 
identified based on the presence of diagnostic peaks.

Results and discussion

Approximately 21 % of polyps analysed (n = 114 polyps 
from six colonies) had ingested at least one microplas-
tic particle, with one polyp ingesting three polypropylene 
fragments. Ingested plastic fragments varied in shape and 
size, ranging from approximately 100 μm–2 mm. Clearly, 
these results reveal that reef-building corals do capture and 
ingest microplastics from the water column (Fig. 1). When 
ingested, microplastics were predominately localised deep 
within the polyp and were wrapped by mesenterial tissue 
such that it was difficult to remove them from the polyp. 
This observation raises the potential for plastic ingestion 
to impede coral digestion of natural food sources because 
the mesenterial tissues are the primary tissues responsible 
for digestion (Goldberg 2002; Murdock 1978; Titlyanov 
et al. 1996). Prior to being ingested, microplastics tended 
to aggregate and form a film covering the surface of the 
coral, appearing to adhere to the mucus layer covering 
coral tissue. Observations of microplastics accumulating 
on released mucus threads demonstrated corals were able 
to trap particles circulating in the water column or floating 
on the surface. However, the possibility that corals produce 
more mucus in the presence of plastics warrants further 
investigation, as this might represent an additional energy 
expense associated with microplastic contamination.

Results of feeding trials show that corals consume 
plastics at rates between 1.2 and 55 μg cm−2 h−1 (Fig. 2, 
equivalent to ~14–660 μg cm−2 day−1 based on a 12 h 

active feeding period per day). Consistent with our finding 
that polyp ingestion of plastics was variable both within 
and between colonies; rates of plastic ingestion by colo-
nies were also variable (as indicated by the relatively large 
error bars in Fig. 2). However, we observed approximately 

Fig. 1  a, b Microplastics present in the mouth and among the mesen-
teries of coral polyps and c plastic fragments found in plankton tows 
in reef waters
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the same mean plastic ingestion rate using two different 
types of feeding chambers (open vs. closed, Fig. 2, Welch 
two-sample t test for unequal samples sizes; t6.8 = 0.16, 
p = 0.88). This suggests that the variation in feeding rates 
is not driven by our measuring techniques but, rather, 
reflects differences in feeding ‘effort’ among coral samples. 
This interpretation is supported by evidence from previous 
studies that feeding capacity is highly species specific, and 
changes in feeding effort are likely responsible for changes 
in plankton capture rate with depth (Palardy et al. 2005). 
Additionally, regardless of chamber type, the buoyancy 
of the microplastics decreased the likelihood of particles 
remaining within reach of coral polyps during active feed-
ing, and this buoyancy is likely to have contributed to vari-
ation among colonies in their plastic ingestion rates. It is 
noteworthy to consider the potential for increased ingestion 
of microplastics by corals in the natural environment, as the 
buoyancy of microplastics decreases with increased biofilm 
formation and biofouling (Reisser et al. 2013), and only 
clean (unfouled) plastics were used in this study.

The rates of feeding reported here are broadly compa-
rable to published rates of coral feeding on plankton and 
suspended particulate matter, which range from 160 to 
4,000 μg cm−2 day−1 (or 24–600 μg C cm−2 day−1 based 
on a prey carbon content of 0.15 μg C prey−1, (Ferrier-
Pagès et al. 2011)). However, few polyps (7 % of the pol-
yps which had ingested fragments) were able to ingest 
more than one plastic particle during the 12 h incuba-
tion, compared with ingestion of plankton between 2 and 
50 items per polyp per hour (Ferrier-Pagès et al. 2011). 
Since the percentage of polyps that ingested plastics were 

relatively low, it is unclear whether intake of plastic parti-
cles inhibited further feeding. We suggest that quantifying 
coral feeding on natural plankton after feeding on plastics 
would be an appropriate experiment to test this hypothesis. 
In addition, further research is required to quantify how 
plastic feeding rates vary according to plastic concentra-
tions in seawater, and whether plastic ingestion rates differ 
in the presence and absence of natural plankton and other 
particulate food sources for corals.

Due to their buoyancy and varying density, microplas-
tics have the potential to become widely distributed in 
the marine environment (Andrady 2011). Although the 
presence of microplastics in Australian waters is poorly 
studied, and the overall abundance of plastic debris on 
the GBR is currently unknown, microplastic pollution up 
to 26,898 particles per km−2 has been documented in the 
South Pacific subtropical gyre (Eriksen et al. 2013). On the 
GBR, increased coastal development and tourism activities 
increase the risk of litter transport into the marine environ-
ment (Gregory 1999), which is a particularly high concern 
for the GBR (Hardesty and Wilcox 2011). In this study, 
subsurface plankton tows revealed that microplastics are 
present in reef waters, with up to two plastic fragments 
found (size 100–500 μm) per ~11,000 L seawater (Fig. 1c). 
Infrared spectroscopic analyses identified these frag-
ments as polyurethane, polystyrene and polyester (Fig. 3, 
Table 2), plastics that are commonly found in marine paints 
and fishing floats. The majority of microplastics found were 
<1 mm, and often fibrous. The abundance of these fibres 
may indicate that the source of this microplastic contami-
nation is due to fragmentation, rather than pre-production 
resin pellets or scrubbers from cleaning products. These 
results are similar to findings from plankton tow surveys 
conducted around Australia, excluding the GBR, which dis-
covered that sampled microplastics were predominately the 
result of the breakdown of larger plastic items (e.g. packag-
ing and fishing items) (Reisser et al. 2013).

Corals may be exposed to plastics in a variety of ways, 
particularly at low tide when floating plastics are likely 
to come into contact with corals on shallow reef-crests 
and flats. Although microplastics were only present in 
GBR waters in relatively low concentrations, our esti-
mates are likely to underestimate actual plastic concentra-
tions because we could not have detected particles smaller 
than 300 μm in diameter, and we only tested the subset 
of microscopic particles from the plankton tows that we 
suspected to be plastic based on visual estimation (and, 
hence, possibly missed particles that resembled materi-
als of biogenic origin like cellulose and shell fragments). 
We find strong evidence that corals are capable of ingest-
ing microplastics, and that they retain these plastics within 
their gut cavity for at least 24 h. However, at this time, it is 

Fig. 2  Rate of microplastic ingestion by fragments of Dipsastrea 
pallida during feeding incubations in open and closed feeding cham-
bers. Error bars show standard error and n = 3 for the open chambers 
and n = 6 for the closed chambers (n = replicate trials)
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uncertain exactly how microplastic ingestion affects coral 
energetics and growth, or whether and how this inges-
tion influences reef growth in general. Future work should 

investigate microplastic digestion as the next step towards 
understanding how microplastics potentially impact coral 
health. Overall, these findings highlight the importance of 

Fig. 3  Fourier transform infrared (FT-IR) spectra from microplas-
tics found in surface waters adjacent to Orpheus and Pelorus Islands. 
Spectra from these microplastic samples are shown in grey and refer-

ence spectra (from polymers of known identity) are shown in black. 
Identification characteristics for the different sample polymers are 
described in Table 1
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understanding the mechanisms of dispersal of microplas-
tics, and the need for further investigation of whether and 
how microplastic contamination influences the physiology, 
growth and survival of marine organisms.
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