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Abstract :

Microplastics are present in marine habitats worldwide and may be ingested by low trophic organisms
such as fish larvae, with uncertain physiological consequences. The present study aims at assessing
the impact of polyethylene (PE 10-45uM) microbeads ingestion in European sea bass (Dicentrarchus
labrax) larvae. Fish were fed an inert diet including 0, 104 and 105 fluorescent microbeads per gram
from 7 until 43 days post-hatching (dph). Microbeads were detected in the gastrointestinal tract in all fish
fed diet incorporating PE. Our data revealed an efficient elimination of PE beads from the gut since no
fluorescent was observed in the larvae after 48h depuration. While the mortality rate increased
significantly with the amount of microbeads scored per larvae at 14 and 20 dph, only ingestion of the
highest concentration slightly impacted mortality rates. Larval growth and inflammatory response
through Interleukine-1-beta (IL-1B) gene expression were not found to be affected while cytochrome-
P450-1A1 (cyplal) expression level was significantly positively correlated with the number of
microbeads scored per larva at 20 dph. Overall, these results suggest that ingestion of PE microbeads
had limited impact on sea bass larvae possibly due to their high potential of egestion
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1. INTRODUCTION

Microplastics, tiny plastic fragments with diameters of <5 mm, are widespread and ubiquitous
within the marine environment (Lusher, 2015; Thompson, 2015). It is suggested that they are
now the most abundant form of solid-waste pollution on Earth (Derraik, 2002; Galgani et al.,
2015). Microplastics are originated from the industry, from the domestic use of a wide panel
of personal care products which contain microparticles (e.g facial cleansers and toothpaste)
(Ghelardini et al., 1996; Zitko and Hanlon, 1991) and from the wastewater of washing
machines (Browne, 2015). Waste microplastics also result from the breakdown of larger
plastic debris (Andrady, 2011). Polyethylene (PE), polypropylene (PP), polyvinyl chloride
(PVC), polystyrene (PS) and polyethylene terephthalate (PET) are among the most widely
used polymers in the industry and thereby ultimately found in the ocean (Andrady and Neal,
2009). Presence of microplastics is documented in several species at the base of the food
chain such as plankton or filter and deposit feeders because of their microscopic size and their
ubiquitous presence (Avio et al., 2015a; Cole et al., 2013; Collignon et al., 2012; Frias et al.,
2014; Thompson et al., 2004; Van Cauwenberghe and Janssen, 2014). The plankton, which is
a source of food for other animals, could pass microplastics up the food web to top predator
species (fish, birds, marine and terrestrial mammals) (Ivar do Sul and Costa, 2014; Wright et
al., 2013a).

Several species of fish have been recorded to ingest plastic debris including microplastics
(Boerger et al., 2010; Carpenter et al., 1972; Foekema et al., 2013; Lusher et al., 2013).
Recent papers reported that microplastics ingestion appears to be common across a range of
fish species (pelagic and demersal) from the English Channel (Lusher et al., 2013; Foekema et
al., 2013) and Mediterranean sea (Avio et al., 2015b; Deudero and Alomar, 2015; Romeo et

al., 2015). It is also documented that all ontogenic phases including early life stages of fish
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can be concerned by plastic debris ingestion (Carpenter et al., 1972; Hoss and Settle, 1990;
Possatto et al., 2011). Carpenter et al. (1972), working on fish larvae, reported that of 14
sampled species, 8 contained plastic in their guts. Kartar et al. (1973) found as many as 30 PS
particles in the stomachs of flounder, Platichthys flesus, sampled in the Severn Estuary in the
United Kingdom. Since fish larval ontogenesis is particularly sensitive to environmental
stressors (Houde, 1997), ingestion of plastic by larvae could compromise their survival and

may have detrimental consequences on recruitment into the adult population.

Until now, however, there is little information available relative to the biological impacts of
microplastic ingestion on fish larval stages. In addition to the chemical effects attributed to
organic pollutants that can be adsorbed on the plastic debris, some specific effects of plastic
ingestion on marine organisms have been described in the literature. Ingestion of
microplastics has been shown to impair feeding, leading to reductions in ingested carbon
biomass and energy depletion which result in decreased hatching success in zooplankton
(Cole et al., 2015, Lee et al., 2013). It is also suggested that depending on the size of the
debris, plastic particles may be retained in the intestine, induce internal injury and clog the
digestive system in various marine species including fish (Carpenter et al., 1972; Derraik,
2002). More recently, studies in mussels (Mytilus edulis) indicated that ingested microplastics
can also pass through the gut and translocate to the circulatory system (Browne et al., 2008).
Their potential presence in tissues allows a glimpse of the effects on essential physiological
functions other than the digestive one. In mussels, ingestion of non-contaminated
microplastics has been shown to induce immunological effects and inflammatory response
(Avio et al., 2015a, Von Moos et al., 2012; Wright et al., 2013b). Concerning fish species,
studies from Oliveira et al. (2013) suggested adverse effects of virgin microplastics in

neurofunction of the common goby Pomatoschistus microps. Rochman et al. (2013, 2014)
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demonstrated early signs of endocrine disruption as well as hepatic stress in adult medaka
Oryzias latipes after ingestion of virgin polyethylene. In contrast, recent work performed on
larvae of invertebrates (sea urchin, Tripneustes gratilla) indicated very limited biological
impact of microplastics ingestion suggesting that effect of plastic ingestion could be species
and/or stage specific and can depend on the nature of the ingested plastic (Kaposi et al.,

2014).

In the present study, we investigated the impact of per 0s administration of PE microbeads on
European sea bass (Dicentrarchus labrax) larvae. Sea bass, with most marine fish species,
exhibits an extended pelagic planktotrophic larval period and thereby potentially encounters
and ingests microplastic particles during its development. Using an inert diet incorporating PE
microbeads, the main objectives of our study were to assess (i) the effective retention of
microplastics in the gut of sea bass larvae and (ii) the potential impact of microplastic
ingestion on their survival, growth and some physiological parameters. The inflammatory
response, suggested to be impacted in other species (Von Moos et al., 2012; Wright et al.,
2013b), was addressed through investigation of a proxy of this pathway, the Interleukin-1 beta
(IL-1) gene expression (Ogryzko et al., 2014). Potential chemotoxic effect of fluorescent PE
microbeads possibly due to hazardous decomposition by-products induced in digestive tract
was tackled through the analysis of the expression of cytochrome-P450-1A1 (cyplal)

involved in the biotransformation of toxicants.
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2. MATERIALS AND METHODS

2.1 Animals and experimental diets

European sea bass larvae were provided by the marine farm Aquastream (Ploemeur, France)
and reared from 2 days after hatching (dph) to 45 dph at IFREMER, Centre de Brest (France).
Larvae were distributed into 18 conical fiberglass tanks (35 L) at 3 dph, with initial stocking
density of 60 larvae-L! and were reared according to Darias et al., (2010) until 45 dph.
Briefly, the tanks were supplied with running seawater at 20°C, which had been filtered
through a sand filter and then passed successively through a tungsten heater and degassing
column packed with plastic rings. To prevent any dumping of PE microbeads to waste water
and subsequently at sea, outflow of seawater was filtered on a 1 pm filter renewed every week

and then burned by a waste management company.

From 7 to 43 dph, larvae were fed on microparticulate diets (WO 0064273) prepared in our
laboratory as described by Cahu et al. (2003), 6 replicate tanks each, including 0 (control, C),
10* (i.e. 1.2 mg; 1X) or 10° (i.e. 12 mg; 10X) fluorescent microbeads of polyethylene
(#UVPMS-BR, mix of 10-45 um, 1.050 g/cc, Cospheric, Santa Barbara, CA, USA) per gram
of diet. The dietary ingredients, including microbeads, were mixed with water, pelletized, and
dried at 50°C for 60 min. The pellets were sieved to obtain particles with size lower than 400
pm. The concentration of microbeads in the three diets was confirmed by counting fluorescent
beads under microscope. The larvae were fed in excess with belt feeders 16 h per day
(10:00AM-02:00 AM). The fluorescent PE microbead concentrations incorporated in the feed
were used to correspond to high environmentally relevant concentration of microplastics that
larvae could ingest in the wild environment (see discussion part).

Non-ingested food and faeces were collected using a filter to avoid dissemination of

microbeads in effluent. From 43 to 45 dph, all groups were fed control diet.
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Experiments were conducted within IFREMER facilities having authorization for animal
experimentation. Present work was performed in accordance with French and European

policies and guidelines of the IFREMER institute (Agreement number: 01964.01).

2.2 Monitoring of microbeads ingestion and retention

The presence of fluorescent microbeads in European sea bass larvae was followed by
microscopic analysis. At 14, 20, 34 (exposure phase) and 45 (depuration phase) dph, 20 larvae
per tank (120 per group) were randomly sampled, fixed in ethanol-formalin-acetic acid
(ethanol 95% 6V; formaldehyde 40% 3V, glacial acetic acid, 1V) for 48 hours then immersed
in ethanol (100%) for microscope examination. The number of larvae containing microbeads

was scored and the number of beads detected per larvae was counted.

2.3 Survival and growth

Survival in each experimental group (mean of the 6 replicates) was assessed by scoring the
number of alive larvae at the end of the experiment (45 dph) and by considering the initial
number of larvae as well as amount of larvae sampled in each tank for analysis. 50-60 larvae
randomly sampled at 20, 27, 34 and 43 dph in each of the 6 replicated tanks were weighed to

determine larval growth for each experimental group.

2.4 RNA extraction, cDNA synthesis and real time PCR

Total RNA was extracted from pools of whole larvae (1 pool per tank) at 27 and 43 dph with
Extract-All (Eurobio, France), following manufacturer’s instructions. Thirty larvae were
sampled per pool at 27 dph to get around 100 mg of fresh tissue while 7 to 10 larvae were
necessary at 43 dph. Potential DNA contaminants were removed from extracted RNA by

using RTS DNase ™ kit (Mo bio laboratories, Carlsbad, USA) following manufacturer’s
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instructions. RNA quantity and quality were next assessed by spectrophotometry (NanoDrop
ND-1000, Nanodrop Labtech, France) and gel electrophoresis (2100 Bioanalyzer, Agilent
Technologies, Santa Clara, USA). All extracted RNA exhibited RIN (RNA Integrity Number)

greater than 7.

Complementary DNA (cDNA) synthesis was performed with 500 ng of the resulting total
RNA using the iScript™ cDNA Synthesis Kit (Bio Rad, Hercules, CA, USA).

Relative quantification of target genes (IL-14 and cyplal) expression was performed by
quantitative PCR (q-PCR) using the CFX96 real time system™ (Bio-Rad). Analyses were
performed on 5 pl of the diluted cDNA (1:20) using SsoAdvanced™SYBR® Green Supermix
(Bio-Rad), in a total PCR reaction volume of 15 pl, containing 200 nM of each primer.
Primers were designed from sequences available in NCBI (http://www.ncbi.nlm.nih.gov/) and

Sigenae (http:// http://www.sigenae.org/) databases (accession numbers mentioned in Table

1). Thermal cycling was initiated with incubation at 98°C for 2 min for hot start Sso7d-fusion
polymerase activation. Forty cycles of PCR were performed, each one consisting of 2
successive steps: heating at 95 °C for 5 s for denaturing, and at 60 °C for 20 s for annealing
and extension. Following the final PCR cycle, melting curves were systematically monitored
(0.5°C increments from 65°C to 95°C) to ensure that only one fragment was amplified. Each
PCR run included technical triplicates for each sample and negative controls (reverse
transcriptase free samples, RNA-free samples). For each primer pairs, efficiency (E) of PCR
was measured by the slope of a standard curve using serial dilutions of a pool of cDNA from
the present experiment. E ranged from 95% to 100% in the present qPCR analysis.

Relative quantification of the target gene transcript was performed using the Bio-Rad CFX
Manager 3.1 software. Quantification of the target gene transcripts was performed using the

elongation factor la (EFla) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as
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reference genes since they exhibit high stability values (Coefficient of Variation<0.25; M-
values<0.5) between samples (revealed by “target stability value” option of the Bio-Rad CFX

Manager 3.1 software).

2.5 Statistical analysis

All data were analyzed using generalized linear models with varying underlying distribution
depending on data type and diagnostics. A detailed description of the analyses can be found in
Annex.

Percentages of larvae containing microbeads were compared between groups throughout
exposure time by using a logistic regression with Group (C, 1X, 10X) and Stage (14, 20, 34,
and 45 dph) as explanatory factors, followed by a post hoc multiple comparison test (Hothorn
et al., 2008). Significance of the effects was tested by likelihood ratio tests (LRTs) between
nested models respecting marginality of the effects (type II tests; Fox and Weisberg, 2011).
The effect of microbeads exposure on larval mortality was assessed by analyzing the trend of
the number of alive larvae with time, the slope representing instantaneous mortality rate,
using negative binomial regression. The effect of microbead concentration on mortality rate
was assessed by considering the effect of (1) Group as explanatory and (i1) the average number
of beads per larva (bs) measured at various stages (S = 14, 20 or 34 dph) as explanatory
continuous variable. Significance of the effects was again tested by LRTs between nested
models. For the Group effect, the LRT was followed by a post-hoc multiple comparison test
(Hothorn et al., 2008) to assess which groups differed from one another.

The impact of microbeads exposure on body weight gain was assessed using an ordinary
linear model with both Stage (20, 27, 34 and 43dph) as an explanatory continuous covariable

and Group as explanatory factor.
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Finally, the effect of microbeads exposure on IL-14 and cyplal gene expression at 27 and 43
dph was evaluated by an ordinary linear model with (i) Group as explanatory factor and (ii)
the average number of beads per larva bs measured at various stages as explanatory
continuous variable.

For all analyses, the underlying hypotheses were verified, diagnostics based on residuals were

performed and the significance threshold was fixed at 0.05.
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3. RESULTS

3.1 Tracking PE beads ingestion

Larvae containing microbeads were only found in the two groups (1X, 10X) exposed to PE
during the exposure period, i.e. at 14, 20 and 34 dph (Fig. 1; Fig. 2). The average number of
beads detected per larva ranged from 1.4 (+ 0.33 SD) in group 1X to 3.3 (£ 0.19 SD) in group
10X. Most of the retained microbeads have a particle size around 45pum even if it was difficult
to address quantitatively this question since beads could cluster together. In contrast, two
days after the end of exposure period (45 dph), no more beads were detected in larvae from
any experimental group (Fig. 1). Given that the number of microbeads per larva was 0 in the
control treatment C and at 45 dph, these two factor levels were excluded from the logistic
regression analysis. The percentages of larvae with microbeads in their digestive tract
appeared significantly higher in group 10X (average of 68% + 16% SD) compared to group
1X (average of 35% =+ 7% SD) throughout exposure period [Fig.1, Group effect (p<0.001);
post-hoc test 1X vs. 10X: z=-4.064, p<0.001]. No significant effect of the interaction between
group and stage was identified. The amount of larvae containing microbeads decreased
significantly at 34 dph as compared to previous stages, 14 dph and 20 dph [Stage effect
(p=0.012), Fig.1; post-hoc test: 14 dph vs. 30 dph: z=2.858 , p=0.016, 20 dph vs. 34 dph:

z=2.686, p=0.025].

3.2 Mortality rates

The average cumulative mortality scores at 45 dph ranged from 29% to 31% in the groups 1X
and Control, respectively, to 44% in group 10X (Fig. 3). A Group effect on larval
instantaneous mortality rate was detected (y2= 9.776; p-value=0.008; Fig. 3) and the

subsequent post-hoc multiple comparison test revealed that the instantaneous mortality rate of

11
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group 10X [(13.4+1.4)x10-3 day-1] was significantly higher of about 54% than those of
group C [(8.7+1.4)x10-3 day-1, p=0.015] and 1X [(8.0£1.5)x10-03 day-1, p=0.006].
Moreover, the instantaneous mortality rate increased significantly with the amount of beads
scored per larvae at 14 and 20 dph but not at 34 dph (Fig. 4). The increases of instantaneous
mortality rates per bead were of 21.9% and 21.2% relative to mortality rate without bead at 14

dph and 20 dph, respectively.

3.3 Growth

Fish from all experimental groups exhibited exponential growth, as is typical during larval
development (Fig. 5). No significant effect of PE beads ingestion on the growth rate was
observed. The mean weight of larvae in the 10X group was only marginally (p = 0.097)

higher from 34 dph onwards.

3.4 Gene expression

No significant change in IL-14 and cyplal gene expression was detected across Groups, be it
at 27 or 43 dph. However, the expression of cyplal at 43 dph (but not at 27 dph) increased
significantly with the average number of beads per larva measured at 20 dph (+35% for 4
beads, p=0.016) and marginally with those measured at 14 dph (+27% for 4 beads, p=0.059)
and 34 dph (+17% for 4 beads, p=0.074; Fig. 6). At the same time, microbeads ingestion did

not induce any significant effects on IL-153 expression (data not shown).
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4. DISCUSSION

In order to evaluate the biological impact of microplastics ingestion on marine fish larvae, the
effects of per 0s administration of PE microbeads in European sea bass were assessed under
laboratory conditions. Among the widely used polymers in the industry, PE is one of the most
abundant in the natural environment and thereby also found in the ocean (Andrady and Neal,
2009). In the present study, the fluorescent PE microbead concentrations incorporated in the
feed were used to reveal a potential physiological response of fish during a sensitive period of
their life cycle. Considering the daily food consumption of fish larvae which ranges from 40
to 60% in dry weight (Barahona-Fernandes and Gerard, 1981) and the concentration of
microbeads included in the present diets (10 to 100 microbeads/mg of diet), we can estimate
that individual fish larvae weighing on average 4 mg ingested around 20 beads (group 1X)
and 200 beads (group 10X) with a diameter lower than 45 pm per day. Based on the data from
Desforges et al (2015) suggesting that 2—7 microplastic particles (>200um) /day could be
ingested by individual juvenile salmon in coastal British Columbia, we assume that the
quantities of microbeads ingested in the present study correspond to high environmentally
relevant concentrations of microplastics that larvae may encounter in the wild environment.

As expected, the proportion of larvae containing microbeads in their gut and the quantity of
microbeads per larva depended on the concentration of microbeads included in the diet. On
average, at any given time of larval development, around 70% and 35% of the larvae from
group 10X and 1X respectively contained beads in their gut. Globally, only one to four
microbeads per larva were detected on average. Thus, considering i) the concentration of
microbeads in the diets (10 to 100 microbeads/mg of diet), ii) the quantity of food ingested
per larvae in a day (<2 mg, depending on developmental stage), iii) the fact that larvae were

sampled eight hours after the end of food distribution and iv) the relatively fast gut transit
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time in fish larvae (from 2 hours to 10 hours depending on species and feeding protocol)
(Govoni et al., 1986), these data indicate high potential of egestion of PE microbeads from 10
to 45 pm in sea bass larvae. This hypothesis is confirmed by the fact that no more microbeads
were found in the gut of larvae at 45dph, i.e. two days after the end of the exposure period,
and by the fact that microbeads were found in large quantities in faeces (data not shown). The
latter excludes the possibility that larvae regurgitate significant quantities of microbeads.
However, this conclusion on the fast transit of PE microbeads through digestive tract of fish
larvae warrants caution since the high egestion rate observed in the present study could be
related to the smooth and spherical characteristics of beads which are different from plastic
debris such as fibers or fragments of varying roughness found in the natural environment
(Lusher et al., 2013).

Despite this high egestion potential in sea bass larvae, the present study indicates that the
digestive tract contained microbeads in all fish fed diet incorporating PE. This data suggests
that in a highly contaminated environment, microplastics found in the zooplankton (Cole et
al., 2013) could be ingested by fish larvae, which in turn can be eaten by predators before
egestion. Many kinds of invertebrates such as crustaceans, ctenophores, medusae, or
vertebrates such as fishes are known larval fish predators (Paradis et al., 1996). The ingested
microplastics could then be retained by predators having more complex digestive tracts (e.g.
gastric mill in crustacean) (Murray and Cowie, 2011), which may have detrimental
implications for bioaccumulation, especially if any associated chemical contaminants that are
transferred have the potential for biomagnification (Teuten et al., 2009). This scenario of
trophic transfer in the wild is dependent on the rate of plastic contamination in plankton and
on the nature (shape and roughness) of microplastics ingested by fish larvae that will

determine the resident time in its digestive tract.
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Even if larval mortality rate increased with the number of PE microbeads scored per larvae
until 20 dph, only fish exposed to the highest concentration of beads exhibited slight but
significantly higher mortality rates. This slight impact is likely to be explained by the apparent
high potential of microbeads egestion from the gut (discussed above). In different marine
organisms including fish species (Laist, 1987), mortality has been indeed shown to be
potentially induced by an obstruction of the gastrointestinal tract because of knots or clumps
of plastic debris. The positive correlation found between mortality rates and the level of PE
microbeads ingestion during the first stages of sea bass larval development can be related to
the diameters of their esophageal, gastric and intestinal lumens that are narrower than in older
stages. While the diameter of the anterior intestine is around 60-80um at 29 dph in European
sea bass (Giffard-Mena et al., 2006), it is conceivable that microbeads of 45um or less used in
the present work, when ingested in very high quantities, could block the lumen at earlier
stages of development. Microscopic observation of dead larvae during the first 20 days of
development may have confirmed the occurrence of gut obstruction. In group 10X, mortality
of smaller larvae during the first developmental stages could explain the tendency towards a
heavier weight observed from 34 dph onwards. Additional experiments using larger PE sizes
(>45um) with different shape and ruggedness would allow to reveal gut obstruction-induced
mortality, particularly during early larval stages.

As demonstrated in other species such as seabirds, marine copepod and marine worms (Cole
et al., 2015; Ryan, 1988; Wright et al., 2013b), decreased food consumption resulting in
depleted energy reserves and lower growth rate could be expected in sea bass larvae exposed
to microplastics. Conversely, per 0s administration of PE microbeads in sea bass larvae had
no significant impacts on the growth rate. This data, suggesting that PE microbeads ingestion
did not induce feeding impairment and energetic depletion can probably be related to the high

potential of microbeads egestion throughout sea bass larval development.
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More generally, the absence of a substantial effect on growth suggests a limited impact of PE
microbeads ingestion on fish larvae physiology. Indeed, growth rate is usually used for
predicting response of fish populations to environmental stress since it is a temporally
integrative proxy for an organism’s fitness (Crossin et al., 2014). Accordingly, whereas an
inflammatory response was observed in blue mussel (Mytilus edulis L) and in marine worms
(Arenicola marina) exposed to microplastics (von Moos et al., 2012; Wright et al., 2013b) no
indication of inflammation was demonstrated in sea bass larvae through the IL-1/4 biomarker.
IL-15 is typically considered as the ‘gatekeeper’ of inflammation that drives the early
response to injury in several organisms including fish species (Ogryzko et al., 2014). Again
no strong conclusions can be drawn considering the smooth and spherical shape of
administrated PE microbeads since the high potential of egestion of beads used in the present
study could explain the absence of inflammatory response in sea bass larvae. Indeed, it has
been shown in mussel that the indications of inflammatory response (formation of
granulocytomas) significantly increased with longer residence time of microplastic in the
digestive gland (von Moos et al., 2012). Moreover, the spherical shape may cause little injury
and weak gut inflammatory reaction whereas microplastics found in the digestive tract of fish
sampled in the marine environment can consist of very various shapes and ruggedness (Avio
et al., 2015b; Collard et al., 2015), some of which could be far more abrasive and angular than

calibrated spheres.

Finally, our data indicate a significant correlation between the quantity of plastic microbeads
scored in larvae at 20 dph and the gene expression of cyplal at 43 dph. Cyplal, whose
expression is mostly enhanced by AhR-compatible toxicants (e.g., polycyclic aromatic
hydrocarbons, dioxins, alkylphenols...), is considered as a key actor of toxicant

biotransformation in many species including teleosts (Sarasquete and Segner, 2000).
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However, as virgin PE microbeads were used in the present experiment, no coingestions of
AhR-compatible toxicants in reasonable quantities with PE are expected. Base on material
safety data sheet of PE microbeads (Cospheric, 2012), acidic conditions within the gut of fish
larvae may produce hazardous decomposition by-products such as oxides of sulfur. It cannot
be ruled out that such oxidation products regulate cyplal expression as already observed in
rats (Qin and Meng, 2010). Another possibility is that the shifts in Cyplal expression relate to
metabolic modulation upon development and/or exposure without biotransformation

mechanisms.

In conclusion, present work revealed that ingestion of virgin PE microbeads has a limited
impact on traits (survival and body growth) directly linked to fitness in European sea bass
larvae. The apparent limited impact is consistent with data observed in other marine
organisms (Kaposi et al., 2014; Van Cauwenberghe et al., 2015).

However, the present study does not pretend to reflect perfectly the impact of microplastic
ingestion in natural populations. The shapes as well as the biological and chemical loads of
plastic debris found in the natural environment are generally more harmful. Specific effects of
such environmental microplastic debris should be further tested. Finally, this study confirms
experimentally the ability of fish larvae to ingest microplastic debris when they prey on
plankton that has been previously contaminated or entangled (Frias et al., 2014). In the same
way, fish larvae are themselves highly vulnerable to predation and may contribute to the

contamination of higher trophic level organisms.
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Table 1: Sequences of the primer pairs used for real-time PCR determination of the
transcript levels of several European sea bass genes used as housekeeping genes
(GAPDH, EF1a) or involved in detoxification (Cyplal) and anti-inflammatory (IL-1p)
processes. #: accession number taken from http://public-

contigbrowser.sigenae.org:9090/Dicentrarchus labrax/index.html; §: accession number

originated from http://www.ncbi.nlm.nih.gov/.

Gene Forward (F) Accession numbers
name and Reverse (R) primers
Cyplal F: GTGCAGCTTCTGGACAATGA AJ251913.p.dl.5 #

R: GATGGCACTGAGCTCAACAA

EFla F: GCTTCGAGGAAATCACCAAG AJB66727.1 §
R: CAACCTTCCATCCCTTGAAC

GAPDH F: GAGGTCAAGGTTGAGGGTGA AY863148 §
R: CCAGTGGACTCAACCACGTA

IL-1B F: GAAATGCAACATGAGCGAGA AJ269472.1 §

R: CTCATTGTCAGTGGGTGGTG
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Figure 1: Percentage of European sea bass larvae containing fluorescent Polyethylene -
microbeads throughout the exposition phase (7-43 dph) and 2 days after the end of
exposure (45 dph) in the three experimental groups (white: control, light grey: 1X, dark
grey: 10X). Data values = 0 for control group. Data are means, n = 6 tanks (20 larvae
analysed per tank) = SE. Asterisk indicates significant difference among stages. The
letters a, b, ¢ and d above the bar indicate homogenous subsets formed during post hoc
multiple comparison tests at significant differences (p<0.05) between experimental group

during exposure time.
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555

556  Figure 2: European sea bass larvae from experimental group 10X at 20 dph containing
557  three fluorescent Polyethylene microbeads (arrows) in its digestive tract. a: bright field;

558  b: dark field. Scale bars represent 250pm.
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561 Figure 3: Effect of per 0s administration of polyethylene microbeads on the
562 instantaneous mortality rates of European sea bass larvae. Data are means (n= 6 tanks
563  £SD). Statistical analysis based on negative binomial regression revealed higher larval
564 instantaneous mortality rates in 10X group as compared to C and 1X groups.

565 Cumulative mortality scores measured at 45 dph are indicated in brackets.
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Figure 4: Effect of the number of polyethylene microbeads per individual on the

mortality rate of European sea bass larvae. Rows correspond to the date (14, 20 and 34

dph) of microbead scoring and columns to the observed average number of microbead

scored per individual (from 0 to 7). Empty panels correspond to unobserved

combinations of scoring date and scored number. Within each panel, points are

observed mean numbers of alive larvae £ SE at 0 and 45 dph, black curves represent the

estimated decrease in the number of alive larvae with time by negative binomial

regression, and shaded areas are the corresponding confidence intervals. Significance

test (y* statistic with degrees of freedom as subscript and p-value) for the effect of the

number of microbead per larva on larval instantaneous mortality rate is given in the

first panel of each row.
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Figure 6: Effect of the number of polyethylene microbeads per individual on cyplal
gene expression. Rows correspond to the date (27 and 43 dph) of cyplal expression
measurement and columns to the date (14, 20 and 34 dph) of microbead scoring. Within
each panel, points are observed mean cyplal expression level = SE (absence of SE
corresponds to only one value observed) according to the average number of beads
scored per larva, black curves represent the estimated increase in cyplal expression
level with the number of beads per larva by linear regression, and shaded areas are the

corresponding confidence intervals. cyplal expression level is given on the Box-Cox
scale (y'=(y* —1)/ 1), with the value of the Box-Cox exponent A indicated within each

panel (top right corner). Significance test (F statistic with numerator and denominator
degrees of freedom as super- and subscript, respectively, and p-value) for the effect of

the number of bead per larva on cyplal expression is given at the bottom of each panel.
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ANNEX : DETAILLED STATISTICAL ANALYSES

Percentages of larvae containing microbeads were compared between groups throughout
exposure time by using a two-way logistic regression with Group (C, 1X, 10X) and Stage (14,
20, 34, and 45 dph) as factors, followed by a post hoc multiple comparison test (Hothorn et al.
2008). As data were slightly over-dispersed, a quasi-binomial distribution was used in order to
include an over-dispersion parameter. Significance of the effects was tested by likelihood
ratio tests between nested models respecting marginality of the effects that are supposed to
follow an F distribution (instead of a * distribution because of over-dispersion) under the null
hypothesis (type II tests; Fox and Weisberg, 2011).

The effect of microbeads exposure on larval mortality was assessed by analyzing the trend of
the number of alive larvae with time (the slope representing instantaneous mortality rate)
using negative binomial regression with a logarithmic link function according to the following

model:

(1) = (4t ) exp (=M(u)(t — 1))
where Nn(g,t) is the number of alive larvae at time t for microbead concentration gz, m(u) is
mortality rate for microbead concentration 2, and t, is time at the start of the experiment i.e.

2 dph. The use of a negative binomial regression was justified by the over-dispersion of the

data (Zuur et al. 2009). The effect of microbead concentration on mortality rate was modeled

linearly m(u) =« +«,, by considering the effect of either the diet group (Group) taken as a
categorical variable &, =agyqyp Or the average number of beads per larva (Dg ) measured at
various stages (S =14,20or 34 dph) taken as a continuous variable @, = ;b . Significance

of the effect of microbead concentration was tested by likelihood ratio tests between nested

models. For the categorical variable Group, the likelihood ratio test was followed by a post-
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hoc multiple comparison test (Hothorn et al. 2008) to assess which groups differed from one

another.
The potential impact of microbeads exposure on IL-15 and cyplal gene expression at 27 and
43 dph was evaluated by both one-way ANOVA with Group (C, 1X, 10X) as explanatory

factor and linear regression against the average number of beads per larva (bg ) measured at

various stages (S =14, 20 or 34 dph). Because of heteroscedasticity and non-normality of the

residuals, gene expression data were Box-Cox transformed before analyses.

Potential impact of microbeads exposure on body weight gain was assessed using analysis of
covariance (ANCOVA) with Stage (20, 27, 34 and 43dph) as a continuous covariable and
Group (C, 1X, 10X) as a factor. For ANCOVA, variables were checked for normality with the
Kolmogorov-Smirnov test and for equality of variances using the Levene test.

For all statistical analyses, p-values threshold for significance was fixed at 0.05.
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