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Highlights

e corals were exposed to microplastic types at ambient and elevated
temperatures

e gross photosynthesis, net respiration, and photosynthetic yields were
assessed
Responses were species, microplastic type, and temperature dependent
Fibres decreased photosynthetic ability for Acropora sp.

e No stress response occurred at elevated temperature for either species.

Abstract

There is evidence that microplastic (MP) pollution can negatively influence coral
health; however, mechanisms are unknown and most studies have used MP
exposure concentrations that are considerably higher than current environmental
conditions. Furthermore, whether MP exposure influences coral susceptibility to
other stressors such as ocean warming is unknown. Our objective was to determine
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the physiology response of corals exposed to MP concentrations that have been
observed in-situ at ambient and elevated temperature that replicates ocean warming.
Here, two sets of short-term experiments were conducted at ambient and elevated
temperature, exposing the corals Acropora sp. and Seriatopora hystrix to
microspheres and microfibres. Throughout the experiments, gross photosynthesis
and net respiration was quantified using a 4-chamber coral respirometer, and
photosynthetic yields of photosystem || were measured using Pulse-Amplitude
Modulated (PAM) fluorometry. Results indicate the effect of MP exposure is
dependent on MP type, coral species, and temperature. MP fibres (but not spheres)
reduced photosynthetic capability of Acropora sp., with a 41% decrease in
photochemical efficiency at ambient temperature over 12 days. No additional stress
response was observed at elevated temperature; photosynthetic performance
significantly increased in Seriatopora hystrix exposed to MP spheres. These findings
show that a disruption to coral photosynthetic ability can occur at MP concentrations
that have been observed in the marine environment and that MP pollution impact on
corals remains an important aspect for further research.
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Main finding summary:

Photosynthetic ability of Acropora sp. exposed to microfibres was significantly lower
compared to Seriatopora hystrix with a 41% decrease at ambient temperature. No
stress response occurred at elevated temperature.

1. Introduction



Plastic is durable, lightweight and inexpensive to produce, becoming a favourable
every-day material and causing the “age of plastics”, with production increasing from
0.5 million tonnes/yr in 1960 to 348 million tonnes/yr in 2017 (Avio et al., 2017;
PlasticsEurope (Association of Plastics Manufacturers), 2018). These properties
have ensured plastic waste has developed into a serious threat to the marine
environment (Derraik, 2002; Ryan et al., 2009). An estimated 60-80% of the world’s
litter is plastic and approximately 10% of annual plastic production enters the sea
from land-based sources that includes rivers, wastewater discharges and storm
water runoff (Derraik, 2002; Ryan et al., 2009). Marine plastic pollution is having
detrimental repercussions on the marine environment, contaminating ecosystems
and reaching the world’s most remote locations, such as Antarctica (Cincinelli et al.,
2017; Munari et al., 2017; Ryan et al., 2009; Walker, 2018). Impacts include
entanglement and death of marine wildlife, loss of aesthetic value and an increase in
economic costs for remediation (Avio et al., 2017; Derraik, 2002). It is well known
that larger pieces of plastics are a threat to marine life, although there is still
relatively little information on the impact of MPs on marine ecosystems such as coral
reefs (Chae and An, 2017; Derraik, 2002; Halden, 2010; Meeker et al., 2009;
PlasticsEurope (Association of Plastics Manufacturers), 2018).

Microplastics (MPs), plastic fragments defined as <5 mm, are more difficult to
manage than macroplastics due to their size and are of high environmental concern
(Avio et al., 2015; Cincinelli et al., 2017; Wright et al., 2013). MPs have been found
within numerous organisms and can elicit substantial impacts such as reducing
feeding, immunity and survival within laboratory exposure studies (Lusher et al.,
2013; Murray and Cowie, 2011; Provencher et al., 2014; Setala et al., 2014;
Sussarellu et al., 2016). While exposure and ingestion of MPs occurs in numerous
marine organisms, the implications of this exposure at levels that have been
observed in situ on overall health and survival are unknown (Fossi et al., 2012;
Wright et al., 2013). Several laboratory studies suggest that leaching of constituent
contaminants including plastic additives and monomers from MPs are capable of
causing endocrine disruption and bioaccumulation (Oehlmann et al., 2008; Talsness,
2009). However, there is no evidence of endocrine disruption from substances
sorbed to MPs at environmentally relevant concentrations.

The small size of MPs is one of the main factors contributing to their
accessibility to lower trophic organisms (Arossa et al., 2019; Browne et al., 2008;
Garnier et al., 2019; Lusher et al., 2013; Setala et al., 2014). Plastic pollution origin is
mainly terrestrial and therefore coastal ecosystems such as coral reefs are
particularly at risk (Reichert et al., 2018). Impacts of MPs to coral reefs is of
increasing concern because of their high biodiversity and significant economic value
(Hamilton et al., 2017; Richmond, 1993). A key concern is that impacts of climate
change-related warming may be accentuated by pollutants such as MP exposure
(Hughes et al., 2017). Exposure of corals to MPs may happen in numerous ways,
especially at low tide when floating plastic can come into contact with corals on
shallow reefs (Hall et al., 2015). Previous studies have shown that corals are



non-selective feeders, with common scleractinian corals ingesting a range of food
from bacteria to mesozooplankton within a size range of 0.2-1,000um and a
preference for smaller particles (Anthony, 1999; Hall et al., 2015; Mills et al., 2004).
As MPs are within the size range that corals ingest, and there is evidence that corals
do ingest MPs (Allen et al., 2017; Hall et al., 2015; Hankins et al., 2018; Reichert et
al., 2018), investigation of the effects of MP exposure in corals is a priority.

MPs (at high concentration) can disturb the initiation of symbiotic relationships
in certain coral species which plays an important role in coral ability to adapt to
environmental change (Okubo et al., 2018). Therefore, as MP pollution continues to
rise, coral exposure to MPs may reach high levels in the future, potentially reducing
coral resilience to environmental change and making reefs more vulnerable
(Ladeunesse et al., 2018; Okubo et al., 2018). There is little literature on the
responses and defence mechanisms of marine organisms when ingesting MPs, but
studies have investigated the production of reactive oxygen species (ROS) and
enzymes including superoxide dismutase (SOD) due to MP exposure. Evidence from
organisms (photosynthetic and non-photosynthetic) indicate that the overproduction
of ROS is significant after MP exposure and can cause oxidative damage
(Bhattacharya et al., 2010; Chen et al., 2017; Paul-Pont et al., 2016). In the case of
the coral holobiont, this could lead to decreased photosynthetic efficiencies and a
breakdown in the host-symbiont relationship, exacerbating coral bleaching
responses.

Recently, MPs have been identified to compromise coral health, by reducing
growth and altering photosynthetic performance (especially maximum photochemical
efficiency), with species-specific responses observed (Reichert et al., 2019).
However this was observed at a MP concentration of 200 particles L™ which does
not represent current environmental levels, similar to many lab-based exposure
studies. For example, several investigations into MP concentration on coral reefs
(including in the South China Sea, Great Barrier Reef and the Maldives) found a
range of 0-45 MP items L™ in situ (Ding et al., 2019; Huang et al., 2019; Nie et al.,
2019; Saliu et al., 2018); yet previous studies have tended to use concentrations two
to seven orders-of-magnitude higher than environmental quantities (Lenz et al.,
2016). Here, we explore whether MP exposure, at environmentally relevant
concentrations, will cause a reduction in coral physiology or photosynthetic
efficiencies, and whether this is exacerbated by thermal perturbation.

2. Materials and Methods

Two twelve-day experiments were conducted at the University of Edinburgh, to study
the impact of two different types MPs (see section 2.1) on the photosynthetic
capability and respiration of two species of coral (Acropora sp. and Seriatopora
hystrix) at ambient and elevated temperatures. The first experiment exposed
fragments of Acropora sp. and Seriatopora hystrix to MPs at ambient temperature,
26°C. The second set of experiments used new fragments and the same setup at
ambient temperature (26°C) after the tanks had full water changes and had been



cleaned, with the temperature elevating from 26°C to 32°C by 0.5°C every two days.
Both experiments also had control set-ups where coral fragments were not exposed
to MP but to ambient and elevating temperatures.

2.1 Preliminary set-up

i) Preparation of corals
Corals of the genus Acropora and Seriatopora hystrix were used for this
investigation. Acropora sp. is an important dominant reef-building genus and one of
the most abundant and species-rich groups of corals in the world. Acropora sp. is
typically sensitive to anthropogenic ecosystem change (Greer et al., 2009) S.hystrix
is a branching coral, widely distributed in the Indo-Pacific and thought to be more
resilient to environmental change (Anderson, 2014). Corals raised in aquaria were
provided by the Tropical Marine Centre, Manchester, UK and were cut using clippers
into 110 fragments ~30 mm long per species. Fragments were glued to coral plugs
and acclimatised to tank conditions at 26°C for at least 14 days.

ii) Microplastics
Polystyrene is one of the most used plastics globally, typically seen in packaging and
was chosen as it is a commonly found plastic polymer in MP sampling at sea and
beaches (Barnes et al., 2009; Browne et al., 2010). Fibres are also one of the most
found marine MP types, with an important source originating through sewage
contaminated by fibres from washing clothes (Browne et al., 2011; Claessens et al.,
2011). Polystyrene spheres produced for the NERC RealRiskNano Project (size
range 500-1000 um, MP1), as described by Al-Sid-Cheikh et al.,(2018) and
microfibres (size range 0.05-1cm, MP2) extracted from tumble dryer lint were used
for experimentation. 50ml stock solutions were made of each respective MP with
artificial seawater (Tropic Marin) in 100 ml beakers, wrapped in aluminium foil and
kept in a fridge to prevent biofilm growth and degradation of MPs. Stocks were mixed
by magnetic stirrers for 10 minutes before being added to tanks. As extrapolated by
Lenz et al. (2016), MP concentration in various marine environments ranges from
approximately 1 ug/L — 1 ng/L. However, previous MP concentrations for coral
studies range from 2.5-395 mg/L. Therefore, stocks were added to experimental
flasks to a final concentration of 0.1 mg/L as a more environmentally relevant
concentration but also to be comparable to previous coral exposure studies (Lenz et
al., 2016).

2.2 Tank set-up, water chemistry and microplastic treatments

Four tanks were utilised with each experiment being a closed system to prevent
contamination. Each tank had one heater, circulation pump and lights with a 12:12
photoperiod, PAR 50umols. Salinity was maintained at 36 ppt. An Orion Star A211
pH meter was used with Orion 8302BNUMD ROSS Ultra pH/ATC Triode to monitor
pH daily. Five replicate fragments of each genus were placed into each tank which



had different treatments: two control (CTR) tanks, one polystyrene sphere (MP1)
treatment and one MP fibre (MP2) treatment. This was repeated at elevated
temperature conditions.

2.3 Non-invasive assessment of coral health

Chlorophyll a fluorescence is a rapid and non-invasive technique for assessing the
photosynthetic apparatus status of coral Symbiodinaceae and any effects of
contaminants that may inhibit Photosystem (PS) Il electron transport (Elahifard et al.,
2013; Jones et al., 2000; Schreiber, 2004), with many studies using Pulse-Amplitude
Modulated (PAM) fluorometry in coral research (Jones et al., 2000, 1998; Jones and
Hoegh-Guldberg, 2001; Owen et al., 2003; Ralph et al., 2001; Schreiber, 2004;
Warner et al., 1996). PAM fluorometry has also been utilised to determine whether a
compound, such as MPs, have phytotoxic interactions (additive, synergistic or
antagonistic) with species (Elahifard et al., 2013; Franqueira et al., 2000).

F,/F, is correlated with the quantum yield of photochemistry in PSII and reflects the
probability that the PSII reaction centres will utilise the available excitation energy for
photochemisty (Jones et al., 2000). Photoinhibition of photosynthesis is synonymous
with changes in chlorophyll fluorescence characteristics, including a decrease of
photosynthetic electron transport activity and a loss of quantum yield (Jones and
Hoegh-Guldberg, 2001). F,/F " was the chosen chlorophyll a parameter for this
study as it has been used throughout literature as a reliable method to measure
photochemical efficiency (Brack and Frank, 1998; Krause and Weis, 1991; Schreiber
et al., 1993). A Diving-PAM MK2 fluorometer (Walz) was used for all measurements.
Chlorophyll a fluorescence was stimulated by a pulse modulated red LED at 650 nm,
and corals were quasi-dark adapted (Hennige et al., 2008) before saturation pulse
measurements (Y ;) were taken each day to quantify fluorescence yield (F,’ and F’)
and derive F/F " (Table 1) (Hennige et al., 2008). It should be noted that when
collecting F'/F " data using a PAM fluorometer, different areas of the coral were
sampled each day, which may have caused some additional variation. In addition,
weekly rapid light curves were conducted on each coral fragment to determine the
relative Electron Transport Rate (rETR) (Genty et al., 1989). Maximum rETR was
compared between variables within experiments. Measurement definitions and their
abbreviations are summarised in Table 1.

2.4 Respirometry

A 4-chamber coral respirometer was used at the beginning and end of each
experiment to quantify gross photosynthesis and net respiration (Hennige et al.,
2008; Lesser, 1997; Levy et al., 2006; Mass et al., 2007). Fragments were placed in
230 ml incubation chambers each fitted with oxygen optodes (Presens) and
connected to a temperature-compensated oxygen analyser. Corals were acclimated
in the respirometer for 30 minutes with measurements in light and dark conditions



running for 30 minutes each. Respirometry analysis was undertaken at day 1 and 12
of each experiment.

2.5 Statistical analysis

The combined effects of interactions between treatment (control, MP1 and MP2) and
temperature (ambient and elevated), and treatment and species on F,/F_’, gross
photosynthesis and net respiration were assessed using two-way analysis of
variance (ANOVA), followed by Tukey’s HSD post hoc test. Analysis of data
collected at the end of the 12-day experiments was conducted. Where necessary,
data was transformed using arcsine of square root (proportion data) or inverse
transformation to conform to the parametric test assumptions. Before the parametric
analysis, Shapiro-Wilk and Levene tests were applied to assess the normality and
homogeneity of variance, respectively, of data distribution. Parametric assumptions
were met for all analysis. Two-way ANOVAs were considered statistically significant
if p < 0.05. All statistical analysis was conducted using R (R Core Team, 2013).

3. Results

The presence microplastics significantly affected the physiology of corals depending
on species and temperature interactions. The specific results are presented in the
following subtopics.

3.1Species specific impacts of microplastics to coral (photo)physiology

There was a statistically significant interaction between the effects of species and
treatment on F/F ' at the end of the 12 day experiment (ANOVA,
F(2,62)=5.925,p=0.004) as shown in Fig.1 A-D). In particular, F_'/F ' of corals
exposed to fibres (MP2) was significantly lower for Acropora sp. compared to
S.hystrix (Tukey’s multiple comparison test, p=0.008). For Acropora sp. exposed to
spheres (MP1), F.'/F '’ was significantly higher compared to controls (Tukey’s
multiple comparison test, p=0.040) and fibres (MP2) (Tukey’s multiple comparison
test, p=0.001).

There was a statistically significant interaction between the effects of species
and treatment on gross photosynthesis (ANOVA, F(2,45)=7.091,p=0.002), (Fig. 2
A-D). For S.hystrix, gross photosynthesis was considerably higher for spheres (MP1)
than fibres (MP2), with a significant difference between the effects of MP1 and MP2
(Tukey’s multiple comparison test, p=0.027) (Fig. 2 B and D)). Analysis of net
respiration showed no statistically significant interactions or effects of treatments
(ANOVA,F(2,56)=1.33,p=0.273) but a significant difference between species
(ANOVA, F(1,56)=7.37)p=0.009).

3.2Temperature specific impacts of microplastics to coral (photo)physiology



There was a statistically significant interaction between the effects of temperature
and treatment on F '/F ' (ANOVA,F(2,62)=4.320,p=0.018), (Fig.1 A-D). A
significantly higher F /F ' was observed for corals exposed to spheres (MP1) at
elevated temperature compared to ambient temperature (Tukey’s multiple
comparison test, p=0.006). F'/F ' of corals exposed to fibres (MP2) was also
significantly higher at elevated temperatures (Tukey’s multiple comparison test,
p<0.001). In addition, at elevated temperature, there was a significant difference
between control and spheres (MP1) for both coral species (Tukey’s multiple
comparison test, p=0.080) (Fig.1 C-D)), with lower F'/F ' observed for control corals.

Likewise, there was a statistically significant interaction between the effects of
temperature and treatment on gross photosynthesis. (ANOVA,
F(2,45)=3.708,p=0.032) (Fig. 2 A-D). Corals exposed to spheres (MP1) had
significantly higher gross photosynthesis at elevated temperature compared to
ambient temperature (Tukey’s multiple comparison test, p=0.034), in addition to a
significantly higher gross photosynthesis compared to corals exposed to fibres (MP2)
fibres (MP2) (p=0.045) at elevated temperature (Tukey’s multiple comparison test,
Fig.2 C-D)). This is due to gross photosynthesis being particularly high for S.hystrix
at elevated temperature (Fig.2 D).

4. Discussion

The short-term exposure to MPs tested here resulted in a species-specific and
MP-specific stress response between two reef-building coral species. F'/F ' of
corals exposed to MP fibres was significantly lower for Acropora sp. compared to
S.hystrix, at ambient temperature, with a 41% decrease in F'/F " for Acropora sp.
over a 12 day period. However, Acropora sp. exposed to MP spheres showed
significantly higher F /F ' compared to control and MP fibre treatments. At elevated
temperature, no negative physiological response was observed for either species.
S.hystrix F'IF " and gross photosynthesis was significantly higher when exposed to
MP spheres. This study supports current literature that negative impacts of MPs are
species specific (Reichert et al., 2019, 2018), but importantly, also shows these
results at concentrations that replicate environmental levels. Our results further
highlight the need for more investigations to fully understand observed physiological
responses.

At ambient temperature, the significantly reduced photosynthetic efficiency of
PSII (F,'TF,) for Acropora sp. may have occurred for several reasons. When
photosynthetic efficiency (F,/F,) is considered with the negative gross
photosynthetic values observed, it can be concluded that photosynthetic ability of
Acropora sp. decreased when exposed to fibres. A decrease in the capacity of PSlI
may have been caused by the stress production of reactive oxygen species (ROS).
This has been previously observed in Pocillopora damicornis, as well as the
suppression of its detoxification and immune system when exposed to MPs (Tang et
al., 2018). An increase in ROS production either directly, or indirectly such as via



organic radical formation, can result in heightened oxidative stress and biological
damage due to limiting the fixation of CO, and therefore inhibiting the repair of PSII
(Bhattacharya et al., 2010; Livingstone, 2003; Takahashi and Murata, 2008). A
difference in respiratory ability was also observed for Acropora sp., exposed to MPs
having higher net respiration levels. Heightened respiratory activity is known to occur
under stressful conditions in corals and anemones (Edmunds, 2005; Leggat et al.,
2011; Nii and Muscatine, 1997), supporting the hypothesis that interactions with MPs
is energetically costly and may prevent normal coral functioning. These are
speculations however and further study is necessary.

Coral exposure to microfibres can cause other stress responses that impair
coral functioning further. Firstly, the interaction with microfibres may inhibit
heterotrophic feeding. MPs have been observed to block normal food supply with
continuous ingestion and egestion of MPs leading to little to no nutrients being
obtained (Chapron et al., 2018; Reichert et al., 2019). Fibres have been observed
within the coral polyp, wrapped by mesenterial tissue causing extraction by the coral
to be difficult (Allen et al., 2017; Hall et al., 2015). In addition, MPs may become
trapped in the mucus layer of corals and have the potential to trigger stress
responses through further mucus production (Hall et al., 2015; Reichert et al., 2018).
These responses are all energetically costly, especially an increase in mucus
production, which can use half of the carbon assimilated from photosynthesis (Wild
et al., 2004). As microfibres are thought to be the most abundant MP type in marine
environments, it is likely that coral-microfibre interactions are already occurring,
albeit at low levels (Browne et al., 2011; Thompson et al., 2004; Wright et al., 2013).
Fibres can also become entangled with other fibres, particles or tissue, making
egestion even more demanding or impossible compared with other MP types such
as spheres. Ingestion of MP fibres in particular can therefore cause blockages and
feeding difficulties in addition to impeding normal digestion of natural food as
mesenterial tissues are the primary tissue involved in digestion (Goldberg, 2002).
The stress response observed for Acropora sp. at ambient temperature may have
long-term effects including reduced growth, fecundity, ability to repair, and survival.
Acropora sp. are typically a more sensitive species and form important frameworks
for reefs. As MP pollution levels continue to rise, this may therefore threaten reef
composition by reducing photosynthetic ability and growth of sensitive coral species.

The results observed here were species specific, with S.hystrix showing no
change in physiology when exposed to MPs at ambient temperature, supporting
previous studies at higher MP concentrations (Mouchi et al., 2019; Reichert et al.,
2019). This may be due to differences in feeding capacity and behaviour, with
Acropora interacting with MPs more (Hall et al., 2015). Furthermore, MPs can disturb
the anthozoan-algae symbiotic relationship in both coral and anemones, supressing
the uptake of Symbiodinaceae (Okubo et al., 2018). The symbiotic alga-coral
relationship may have been disturbed in Acropora sp., with the host producing stress
responses that impacts downstream on the Symbiodinaceae, reducing
photosynthetic capability (Okubo et al., 2018). Symbiodinaceae differ in sensitivity
and therefore some species may be more sensitive to MP disturbance. Acropora sp.



are typically more sensitive to environmental change compared to other corals. This
may explain the species-specific responses observed, but a wider range of species
must be tested under long-term MP exposures at ambient temperatures.

It was expected that elevated temperatures would accentuate the negative
physiological impacts of MP exposure on corals (Biscéré et al., 2017), yet this was
not observed. Acropora sp. showed no change in photosynthetic or respiratory
ability, yet S.hystrix had considerably higher photosynthetic ability (F,/F " and gross
photosynthesis) when exposed to either type of MP. MPs may destabilise the
functioning of the symbiotic alga-host relationship by inducing the production of ROS
(Dubinsky and Stambler, 1996; Okubo et al., 2018). However, acclimation to thermal
stress can occur through production of oxidative enzymes to inactive damaging
oxygen radicals or heat shock proteins that refold denatured cellular and structural
proteins (Coles and Brown, 2003; Hofmann and Todgham, 2010; Weis, 2010). A
speculation for why these results were observed is that through these mechanisms
(acclimation), the coral may become more resistant to the damage caused by MP
exposure with temperature (within time scales of experiments here). At ambient
temperature, the photosynthetic capability of Acropora sp. was lowered as a result of
exposure to MP fibres which may have been caused by ROS production and/or
damage to PSII. However, at elevated temperature, acclimation may not only protect
the holobiont from thermal stress but also ROS induced damage from the presence
and damage of MPs. Physiological changes to corals due to stress, where the host
switches to a primarily heterotrophic nutrition has been previously observed during
bleaching events (Grottoli et al., 2006). If MP exposure was maintained in the
long-term, physiological acclimation may manifest as a shift towards more
thermotolerant Symbiodinaceae or change in the associated microbial community
(Ainsworth and Hoegh-Guldberg, 2009; Fine and Loya, 2002; Reshef et al., 2006),
highlighting an important focus for future research.

5. Conclusions

Ultimately, our findings support the general view that MP exposure induces a
negative impacts on the coral holobiont’s photophysiology, albeit with species and
MP type specificity. In particular, photosynthetic capability of Acropora sp., a globally
important reef-building genus, was compromised even at ambient temperature. This
investigation contributes to our understanding of the physiological effects of MPs by
carrying out experiments at more environmentally-relevant concentrations at both
ambient and elevated temperatures. Explanations for the results observed highlight
the complex response mechanisms of corals to MP exposure and show the need for
more research in this area. Future studies at both ambient and elevated
temperatures should take a holistic view, interrogating impacts on the coral host and
associated symbionts and bacterial communities. In addition, to further investigate
impact mechanisms, a range of microplastic concentrations are needed. Importantly,
research is needed in situ to determine MP concentration on coral reefs to inform



future exposure studies and assess the extent of potential MP stress for coral reef
management.

Figures and Tables

Table 1: Abbreviations and their definitions relevant for PAM fluorometry
measurements

ABBREVIATION DEFINITION
PAR Photosynthetically active radiation
Photosystem Il is a specialised protein
complex that uses light energy to drive
PSII the transfer of electrons from water,
resulting in the production of oxygen in
photosynthesis

F’ Fluorescence yield — under actinic light

F. The maximum fluorescence yield -
under actinic light

Fo Fluorescence quenched (F,,— F’)

Effective photochemical efficiency of
PSII photochemistry (or effective
FolFo quantum yield) at any given actinic
irradiance, determined by (F." - F') /F,.
The approximation of the maximum
electron transport rate (umol electrons
m~2 s7') determined by(Genty et al.,
1989):

relative ETR = ®pg;; X PAR
where effective quantum yield @, is
determined by(Genty et al., 1989):

o _ [Fu—F]
PSII o

with F being the minimum florescence
for light-adapted samples

Maximum relative ETR
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Figure 1: The changes in average Fq'/Fm' over the 12 day period for Acropora sp. and
Seriatorpora sp. at A-B) ambient temperature (26°C) and C-D) elevated temperature (26 -
32°C) with standard error bars. MP1 = corals exposed to polystyrene spheres and MP2 =
corals exposed to microplastic fibres.
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Figure 2: The average gross photosynthesis (O, production) and net respiration (O,
consumption) of corals at the end of the 12-day experiment for Acropora sp. and Seriatopora



sp. at A-B) ambient temperature (26°C) and C-D) elevated temperature (26 - 32°C) with
standard error bars. MP1 = corals exposed to polystyrene spheres and MP2 = corals
exposed to microplastic fibres.
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