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Microplastics are one of the main threats to marine ecosystems, but the mechanisms
determining their impact on marine life are still largely unknown. We investigated the
impact of microplastics on the red coral, an emblematic and threatened species
belonging to the Corallium genus, which is distributed at almost all latitudes and
depths. We report here that microplastics are ingested and accumulated by corals
(primarily polypropylene and polystyrene), either directly (as microplastics are
confounded with the coral’s prey, plankton) or through the ingestion of zooplankton
containing microplastic particles. Once ingested, microplastics cause multiple
biological effects, spanning from feeding impairment and mucus release.
Microplastics also cause DNA damage and a shift in the coral microbiome that
together with their tissue abrasions, favour the proliferation of
opportunistic/pathogenic bacteria. Since microplastic contamination is expected to
double in all oceans from 2030-2060, we anticipate that their impact will likely
increase in the future, with the potential of causing coral death. The effects reported
on the red coral could be similar on many other habitat-forming species (species that
transform the environment creating a new habitat) and may act in synergy with other
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stressors, potentially exacerbating the impacts of heat waves and other climate-driven
events.

{11Microplastics in the oceans: real threat to marine life?

{2:Microplastics (i.e., particles <1 mm) [N.B. Hartmann et al., 2019; M.A. Browne et al., 2015]
are recognised as a potential global threat to marine life and ecosystems. These particles can
be similar in size to the prey of various marine organisms [S.L. Wright et al., 2013], so that
they are mistaken for their natural food and ingested, with negative effects on different forms
of marine life, from the tiny zooplankton to the large fish and sharks, at all latitudes and depths
down to the life inhabiting the seafloor [C.M. Rochman et al., 2016; K.L. Law, 2017; T. Kdgel
et al., 2019; H. Ma et al., 2020]. The huge plastic contamination of the oceans can also alter
the functioning of the whole ecosystem. However, so far the biological mechanisms through
which microplastics affect marine life remain largely unknown. Microplastic concentrations are
not homogeneous in all seawaters, and can vary widely in marine ecosystems. Thousands of

particles per m® of seawater have been found in some coastal marine areas [N.N. Phuong et
al., 2016; H.S. Auta et al., 2017; |. Paul-Pont et al., 2018] and current estimates indicate that
these concentrations can be several orders of magnitude higher [J.A. Brandon et al., 2020]
and are predicted to double by 2030 [A. Isobe et al., 2019]. In addition, the negative effects of
microplastics are exacerbated by numerous other human impacts, including climate change.

{31The red coral (Corallium rubrum) is one of the most known, emblematic and threatened
species of the world. The genus Corallium is an ecosystem engineer, distributed at almost alll
latitudes and depths, from Antarctica to the equatorial latitudes and is widespread in the
Mediterranean Sea [A.W. Bruckner, 2009; A.W. Bruckner, 2014; N.E. Ardila et al., 2012].
These characteristics and the very long life span (more than 200 years) make C. rubrum an
ideal model to investigate the effects of microplastics on marine life and habitat forming
species.

{#}How did we investigate the impacts of microplastics?

(5}We exposed red corals to different levels of microplastic contamination, spanning from those
present in some contaminated coastal areas to those predicted for some seas and oceans in
the next decades (2030-2060; [A. Isobe et al., 2019]). We used the same microplastic polymer
composition reported from the marine environment, including polypropylene and polystyrene,
which are used to produce disposable plastics (i.e., containers, bottles, cups, pipes; [I. Paul-
Pont et al., 2018]) in order to simulate the natural conditions.

6}We conducted a wide array of analyses to investigate the microplastic impact on coral
feeding, defence against stress, tissue integrity (due to the physical contact with these
particles), molecular response (i.e., gene expression and DNA damage), and the effects on
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the coral-associated microbiome (i.e., bacteria living in symbiosis with coral epidermia). We
also investigated the accumulation of microplastics by the red corals, and the microplastic
transfer from the prey to the predators (i.e., small crustacean larvae falling in the same size
range of microplastics).

{7’The sneaky taste of the plastics: stimulating hunger while short-
circuiting all biological mechanisms

8\While corals unexposed to microplastics continued to feed without any sign of stress, the
feeding activity of the corals exposed to microplastics decreased significantly with increasing
microplastic concentration. After an initial stimulation of coral feeding activity, since
microplastics contain phagostimulants (i.e. substances enhancing appetite), feeding activity
declined and almost completely ceased at high microplastic concentrations. This response
was the result of a sort of food congestion due to microplastic particles ingested [M. de
Oliveira Soares et al., 2020]. At the end of the experiment, hundreds of microplastic particles
(particularly the polypropylene) accumulated within each branch of red corals exposed to high
microplastic concentrations. The ingestion of microplastics (particularly polystyrene) was also
observed for crustacean larvae which are preyed upon by red corals, and by many other
consumers/predators of the oceans.

{9yThese findings indicate that microplastics can be accumulated either as a result of the direct
(through direct feeding) and indirect (through predation on plankton) ingestion processes,
which increase the risk of microplastic accumulation and contamination to the highest trophic
levels.

{10The dangerous touch of the microplastics

{113After one week of the experiment, more than 20% of the coral tissue was damaged, and
more than 50% of coral tissue was furrowed after two weeks, with profound lacerations which
reached also the coral skeleton (figure 1). These abrasions can cause tissue necrosis [J.
Reichert et al., 2018]. Regeneration mechanisms can rapidly repair small lesions of coral
tissue, but healing time increases proportionately to the extent of the lesions [R. van Woesik,
1998]. In mass mortality events, tissue necrosis (with large portions of naked skeleton) have
been documented in red corals and other species [C. Cerrano et al., 2000; J. Garrabou et al.,
2001; J. Garrabou et al., 2009]. The mechanical abrasions observed in our study could
contribute to the start of necrosis.

{12}
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Figure 1. Damage of the red coral tissue caused by microplastic contamination. a) Tissue
lacerations observed by Scanning Microscopy Analysis (SEM), and b) close-up of the coral
tissue with lesions densely colonized by bacteria.

{13)From a simple “flu” to the coral DNA damage

{14)The first visible negative effect of microplastics on Carallium rubrum was the release of
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huge amounts of mucus, just like our flu, which is used by corals to create a protective barrier
against adverse environmental conditions [B. Glasl et al., 2016; J. Reichert et al., 2018; C.
Martin et al., 2019; J.A. van de Water et al., 2018]. Mucus produced by the red corals
entrapped the microplastic particles along with bacteria, with amounts increasing with the
increase of particle concentrations (figure 2). As a result, in a few days, the health status of the
red corals worsened as demonstrated by the oxidative DNA damage and alteration of the
expression levels of genes crucial to guarantee the coral defence system against stress and
toxic compounds [Y.D. Louis et al., 2017; A.M. Tarrant et al., 2014].

{15}

ot
Figure 2. Red coral (Corallium rubrum) exposed to the highest microplastic concentration
enwrapped in mucus. Photo courtesy of Ettore Moretti.

{1e}Microplastics affect the coral microbiomes and skin

{17}Microplastic contamination caused the increase of bacterial contamination and coral tissues
were densely colonized by large microbial cells, which surrounded the lesions and induced a
shift of the coral skin microbiome [J.A. van de Water et al., 2018]. The bacteria of the family
Spirochaetaceae and Endozoicomonadaceae, which are typically associated with healthy red
corals [J.A.J.M. van de Water et al., 2016; J.A. van de Water et al., 2018], strongly decreased
or even disappeared in the corals impacted by microplastic contamination [J.A.J.M. van de
Water et al., 2016; M.J. Neave et al., 2016]. Conversely, opportunistic bacteria of the families
Rhodobacteraceae, Alteromanadaceae and Oceanospirillaceae increased, colonized mucus
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and compromised coral tissues [J.A. van de Water et al., 2018; D. Meron et al., 2011; R.L.
Maher et al., 2019; M. La Riviere et al., 2013]. Some of the bacteria colonizing corals exposed
to microplastics grow on these particles [E.R. Zettler et al., 2013] and contribute to degrade
plastic polymers [T. Morohoshi et al., 2018]. Thus microplastics can favour the growth and/or
transmission of opportunistic bacteria, which can affect the corals under physiological stress.

{18}Re-building the multiple biological effects affecting the red coral’s
health

{19The impairment of the feeding activity caused by microplastics, combined with the tissue
abrasion caused by the contact with microplastics, increased the stress of C. rubrum, also
atthe molecular level, causing the collapse of the cell defence, resulting in the proliferation of
opportunistic bacteria and, consequently, triggering coral diseases (figure 3). Based on our
findings we anticipate that all these factors combined can have cascading effects on red
corals, thus causing their mortality at the concentration present in highly contaminated marine
areas [Elifantz et al. 2013; Meron et al. 2011] and predicted for 2030-2060 in the oceans [A.
Isobe et al., 2019].

{20}Since microplastic concentrations can be high at all depths and accumulate on the deep
seafloor [K. Pabortsava and R.S. Lampitt, 2020; R. de la Fuente et al., 2021], we cannot
exclude that microplastics are already causing negative biological effects on deep-water
corals, similar to those reported here for the red corals and can apply to a wide range of
marine life forms that share similar characteristics (e.qg., filter feeders, predators and plankton
feeders [H.S. Auta et al., 2017; M. de Oliveira Soares et al., 2020; M.E. Miller et al., 2020]).

{213}Microplastic contamination needs to be stopped as it has the potential to threaten red
corals and other species, and such an impact could act synergistically with climate change,
exacerbating the effects and frequency of the mass mortality events reported in several
marine ecosystems [C. Cerrano et al., 2000].

{22}
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Figure 3. Conceptual model of the multiple biological and physical impacts of microplastics on
the red coral. Microplastics can: accumulate within corals through direct ingestion or indirectly
through predation, physically damage coral tissue, cause stress as demonstrated by the
enormous release of mucus, affect DNA integrity, and cause displacement of the natural
microbiome of the coral epidermis. The combination of all of these processes can ultimately
cause coral mortality.
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