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Microplastic (MP) pollution represents a distinctive mark of the Anthropocene. Despite the increasing efforts to
determine the ecological impacts of MP on marine biodiversity, our understanding of their toxicological effects
on invertebrate species is still limited. Despite their key functional roles, sponges (Phylum Porifera) are
particularly understudied in MP research. These filter-feeders extract and retain particles from the water column,
across a broad size range. In this study, we carried out a laboratory experiment to assess the uptake of MPs
(polyethylene, PE) by the Mediterranean sponge Petrosia ficiformis, how MPs influence key biological process
after different times of exposure (24h and 72h) and whether they can be subsequently eliminated. MP uptake
increased with time of exposure, with 30.6% of the inoculated MP particles found in sponge samples after 72h.
MPs impaired filtration and respiration rates and these effects were still evident 72h after sponges had been
transferred in uncontaminated water. Our study shows that time of exposure represents a key factor in deter-
mining MP toxicity in sponges. In addition, our results suggest that sponges are able to incorporate foreign

particles and may thus be a potential bioindicator for MP pollutants.

1. Introduction

Floating plastic debris are currently one of the most abundant items
of marine litter, making up the 80-90% of all litter found in the aquatic
environment (Borrelle et al., 2020). Their release has increased sub-
stantially over the last 60 years, from 0.5 million tonnes (MT) in 1960 to
311 MT in 2014 and it is projected to reach around 1800 MT in 2050
(UNEP, 2016). Beaches, rivers, wastewater discharges and transport of
land litter by wind are the most frequent sources of plastic debris to the
ocean (Guen et al., 2021). Despite the fact that microplastics (MPs)
definition has been introduced since 2004, recently, they were described
as any synthetic, solid particle with a size range from 1 pm to 5 mm of
either primary or secondary origin (Bessa et al., 2019). Primary MPs,
derived from synthetic textiles, cosmetics, industrial and medical

applications, are introduced directly into the ocean (Bessa et al., 2019;
Le Guen et al., 2020; Bajt, 2021); secondary MPs are generated from
larger items through natural weathering processes (Bessa et al., 2019;
Bajt, 2021). Both types of MPs have been found to accumulate and
persist in natural aquatic ecosystems due to their resistance to degra-
dation processes (Besseling et al., 2019). A recent meta-analysis iden-
tified polyethylene (PE), a common commodity plastic, mainly used for
packaging (Pabortsava and Lampitt, 2020), as one of the most abundant
MP in surface waters (Erni-Cassola et al., 2019), contributing signifi-
cantly to the content of the global plastic waste in the oceans (~60%)
(Geyer et al., 2017; Pabortsava and Lampitt, 2020).

It is now widely recognized that the potential biological implications
of MPs are related to their small size, making them easily ingested by
invertebrates and fish (Ding et al., 2018) and to the fact that they can act
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as vectors for chemical contaminants (Zantis et al., 2020) and pathogen
transport, in particular marine bacteria such as vibrios and
antimicrobial-resistant bacteria (Bowley et al., 2021). Moreover, selec-
tive binding between secretory molecules (e.g., infochemicals produced
by fouling communities) and MPs may also increase the frequency of
plastic ingestion by invertebrates (Procter et al., 2019) and vertebrates
(Savoca et al., 2016). A variety of toxicological effects of MP ingestion
by invertebrate species have been documented, including: tissue
inflammation, neurotoxicity, energy depletion, reduced survival,
growth, reproduction and immune function (Besseling et al., 2013; Avio
et al., 2015; Cole et al., 2015; Sussarellu et al., 2015; Chapron et al.,
2018; Hankins et al., 2018; Foley et al., 2018; Reichert et al., 2018; Tang
et al., 2018; Ziajahromi et al., 2018; Rotjan et al., 2019; Piccardo et al.,
2020; Cole et al., 2020; Xu et al., 2020).

The effects of MPs can, however, vary across species, depending on
their size, feeding mode and anatomies of their mouth and digestive
tracts (Fallon and Freeman, 2021). Among filter-feeders, marine sponges
(Phylum Porifera) are particularly understudied, despite their key
functional role in ecosystem functioning (Bell, 2008) and the fact that
they are considered as good sentinel species due to their ability to uptake
and accumulate organic and inorganic compounds (Efremova et al.,
2002; Perez et al., 2002, 2003; Rao et al., 2006; Cebrian et al., 2007;
Marques et al., 2007; Batista et al., 2013; Gentric et al., 2016). Their
capability of absorbing up to ~ 80% of suspended particles is directly
related to their high pumping rates (0.005-0.6 L of seawater s ! L™! of
sponge tissue) (Fallon and Freeman, 2021). Although few studies have
investigated MP ingestion rates by sponges, there is increasing evidence
that they can uptake MPs (6 & 4 and 169 + 71 MP g ! of dry tissue)
(Fallon and Freeman, 2021) and incorporate them into their skeletons
and other internal tissues (Girard et al., 2021).

We carried out a laboratory experiment to assess uptake of pristine
PE-MPs (polyethylene microplastics) and their biological effects on the
Mediterranean sponge, Petrosia ficiformis (Poiret, 1789). In particular,
we evaluate if: I) the aggregation state of PE-MPs may alter the uptake
by sponges; II) pristine PE-MPs, not associated with contaminants or
colonized by a biofilm, affect the physiology of the sponge; III) the
sponge responses are dependent upon the time of exposure to PE-MPs
and IV) physiological functions recover with time after a period of
exposure to PE-MPs.

2. Materials & methods
2.1. Sponge collection and processing

Petrosia ficiformis specimens were collected at the end of April 2021
by SCUBA diving at 10-12.5 m depth, along the north-east coast of Elba
Island (Nisportino, 42°50.160'N; 10°23.152'E, Italy; salinity 40, tem-
perature 14 °C, pH 8.10, oxygen saturation >90%). Twenty-five frag-
ments (~15 x 10 em? ~30-50 g wet mass each) were removed using a
steel blade, inserted into a sterile plastic bag filled in with seawater and
immediately transported to the laboratory. Before the start of the
experiment, sponges were acclimated in 0.45 pm filtered natural
seawater (NSW) (3L each fragment) for 7 days at temperature 14 + 1 °C,
oxygen saturation >90%, salinity 40, pH 8.1 + 0.1 and photoperiod —
13 h light: 11 h darkness. Organisms were fed with Isochrysis galbana
algal suspension (1 x 10* cells mL™?) just once during this period. All
water quality parameters were determined by multi parameter sensor
(CTD: Conductivity-Temperature-Depth-SeaBird SBE911plus). The
seawater in tanks was completely changed at the end of the acclimation
period.

2.2. Microplastic preparation
Pristine polyethylene (PE) MPs (¢ 40-48 pm) were purchased by

Sigma Aldrich (9002-88-4, CoHy4, white powder, ultra-high molecular
weight). PE particles were suspended in ultrapure water and kept in the

dark to prevent microbial growth. PE-MP stocks were then vortexed for
10 s to resuspend particles prior to use. Test MPs were selected for their
bioavailability to filter-feeder organisms and their density (d =
0.910-0.941 g em™3). A concentration of 500 ng mL7}, equivalents to
~26.1 PE-MPs L‘l, was chosen based on Cole et al. (2020).

2.3. Experimental set-up

The study included three complimentary experimental set-ups:
Exposure 1: sponge fragments (with one osculum per fragment) (N =
4) were individually exposed for 24h to PE-MPs in 3L glass containers
(26 x 17.5 x 15 cm) filled with NSW. Negative controls (fragments not
exposed to MPs) (N = 4) and positive controls (N = 3) (3L glass water
containers (26 x 17.5 x 15 cm) contaminated with MPs and without
organisms) were used to verify the correct functioning of the test.
Exposure 2: sponge fragments (N = 4) were individually exposed for 72h
to PE-MPs in 3L glass containers (26 x 17.5 x 15 cm) filled with NSW. As
for Exposure 1 test, four negative and three positive controls were
simultaneously used. Exposure 3: after 72h of exposure to PE-MPs,
sponge fragments (N = 4) were allowed to depurate keeping them
separately in 3L non-contaminated NSW for another 72h (recovery
time); no positive controls were used at that time. For all treatments, air
was pumped in via plastic pipette equipped with a porous stone, to
enhance aeration and to maintain MPs dispersed through the water
column, guaranteeing their re-circulation during entire feeding experi-
ments. Abiotic factors were maintained as for the acclimation period and
daily checked. During the test, no additional food was provided to
sponges.

2.4. Chemical analyses

2.4.1. Characterization of PE microparticles suspension

To verify if the aggregation state of PE-MPs may alter their uptake by
sponges, dynamic light scattering (DLS) measurements on particles
suspension in 0.45 pm filtered NSW (26 pg mL 1) were taken with a
Beckman Coulter Delsa Nano C particle analyzer (detection angle =
166.22°). Intensity, volume and number particle distributions were
obtained from the signal autocorrelation function through CONTIN
analysis in the instrument software. Average hydrodynamic diameter
(nm) and polydispersity index (PDI) were evaluated from cumulants
analysis of the autocorrelation function and averaged over at least 10
measurements.

2.4.2. Potential microplastic (PMP) concentrations

PMP concentrations were analysed in both water column and sponge
tissues. For each Exposure test, 3L of water were filtered by vacuum on
0.45 pm pore paper disk filters (Whatman®, Sigma-Aldrich, St. Louis,
MO, USA) and stored in plastic petri dishes at room temperature. To
ensure the recovery of PE-MPs, accurate rinsing of all aquarium was
performed with NSW. All filters were dried and sorted by stereo-
microscopy (P-DSL32, 10-80X Nikon, NS-Elements v. D.4.60) under air-
controlled conditions (HEPA double-filtered purified air by fume hood);
counted white items ranging within the target dimension (<63 pm) that
were collected on filters were verified by chemical analysis using pFT-IR
(iN10 Nicolet, Thermo, N5 cooled reflection). PMP calculation was
determined using Eq. (1):

PMP=p, /pT

where py, is the MP particle numbers detected in 3 L of filtered water
samples and pT is the total MP particle numbers in 500 ng mL !
(equivalent to 78.4 + 2.07 PE-MPs 3 L1). Data were expressed as per-
centage and number of PE particles per L.

One sponge fragment per Exposure test was used to quantify PMP
concentrations in their tissues; external surfaces of sponge tissues were
rinsed before the extraction to ensure that collected data were referred



only to ingested MPs. Pre-filtered (0.45 pm) distilled water was used for
rinsing to avoid sample contamination by external source. Subsequently,
tissues were digested according to literature (Enders et al., 2020), first
by KOH + NaClO sonicated for 30 min at 30 °C (40 KHz, ArgoLab, mod.
AU-32), after this phase samples were added by H,O, 30% and were
sonicated again under the same conditions. Digested samples were
filtered on 0.45 pm pore paper disk filters (Whatman®, Sigma-Aldrich,
St. Louis, MO, USA), stored in glass Petri dishes and dried under room
temperature till complete exsiccation. Even in this case, filters were
checked to perform counts of items and collected particles were verified
by pFT-IR as reported for water samples. PMP calculation was deter-
mined using Eq. (2):

PMP = p, /pT

where py is the MP particle numbers detected in sponge tissues and pT is
the total MP particle numbers in 500 ng mL ™! (equivalent to 78.4 = 2.07
PE-MPs 3 L™1). Results were expressed as percentage and number of PE
particles per kg of dry tissue (DW).

2.5. Biological analyses

2.5.1. Filtration rate (FR)

The pumping activity of sponge fragments (N = 3 per treatment per
each Exposure test) was assessed as the filtration rate (FR). Dunaliella
tertiolecta algal cells were added to each of the experimental chamber
(300 mL NSW) containing a single fragment. The subsequent decrease of
D. tertiolecta cell concentration was measured during the next 30-90 min
by taking water samples (1 mL) at fixed time intervals (30 min) and
measuring algal concentration spectrophotometrically at 670 nm
(Abs670). Algal concentration (Cells mL 1) was calculated from absor-
bance using the following Eq. (3):

Cells mL™" = Abs 670/3 x 1077

This kind of assay is under certification control (ISO 17025), assuring
the quality of reported data and the scientific rationale. The FR (mL
min 1) was determined from the exponential decrease in algal concen-
tration as a function of time using Eq. (4) (Thomassen and Riisgard,
1995):

FR=V/txIn(CO/Ct)=V x b

where V is the volume of water in the experimental chamber in mL, and
b is the slope of the regression line in a semi-In plot for the reduction in
algal concentration (C, cells mL 1) from time 0 (CO) to time t (Ct) in min.

2.5.2. Respiration rate (RR)

Respiration rate (RR) analysis was based on the McGrath et al.
(2017) method, with some modifications. Each individual sponge frag-
ment (N = 3 per treatment per each Exposure test) was placed in 1 L
watertight chamber. To minimize the oxygen consumption due to
photosynthesis by symbionts, the chamber was blackened by aluminium
foil. At the beginning and at the end of the experiment (120 min), water
samples were collected with a 35 mL syringe through a fitted rubber
stopper to prevent oxygen exchange, measuring sponge oxygen con-
sumption. The measure was performed using The Oxytherm + R system
(Hansatech Instruments Ltd) equipped by S1 Clark-type polarographic
oxygen electrode. The oxygen electrode was calibrated prior to each
oxygen measurement to 0% oxygen saturation (water containing 1 g of
sodium dithionite [Na3S204]) and 100% oxygen saturation (water
bubbled for 10 min) in 100 mL of seawater. The RR (nM min ! g DW 1)
was calculated based on the oxygen consumption (nM min ) at the end
of the analysis and the DW (g) of sponge tissue.

2.6. Statistical analysis

Data of filtration (FR) and respiration (RR) rates were checked for

normal distributions (Kolmogorov-Smirnov tests) passing normality test
(o = 0.05). Thus, effects of PE-MPs on both FR and RR were tested
separately at different time of exposure tests for each time of detection
by means of t-test (GraphPad Prism version 6.00 for Windows, GraphPad
Software, La Jolla California USA, http://www.graphpad.com).

3. Results
3.1. Chemical analyses

3.1.1. Characterization of PE microparticles suspension

As a consequence of the low MP concentration (500 ng mL 1) used
for Exposure 1 and 2 tests, the size distribution profile of particle sus-
pension in seawater media was detected by DLS of more concentrated
suspensions (26 pg mL™1), by determining the mean hydrodynamic
diameter (nm) and polydispersity index (PDI) of PE particles (Table 1).

3.1.2. Potential microplastic (PMP) concentrations

After 24h, similar numbers of PE-MPs in water samples were found
between positive control (B 24h) and exposure condition (PE 24h)
(Table 2). By contrast, in the Exposure 2 test, a higher number of MPs was
counted in the PE treatment (PE 72h) compared with the respective
positive control (B 72h). PE-MPs were also found in sponge tissues at the
end of the 72h-long period of depuration (Exposure 3 test) (R 72h). No
MPs were detected in all negative controls, indicating no contamination
of samples.

3.2. Biological analyses

3.2.1. Filtration rate (FR)

The filtration rate (FR) of sponge fragments was not affected by PE-
MPs after 24h (Fig. 1A). By contrast, after 72h exposure, sponges
exposed to MPs had a lower FR (Fig. 1B). Likewise, in the 72h-long re-
covery test, fragments exposed to MPs and then allowed to depurate
exhibited lower FR than controls (Fig. 1C) (Table 3). In both tests after
72h, FR in control fragments tended to decrease through time, likely as a
result of the progressive depletion of algal cells in the medium. By
contrast, FR in fragments exposed to MPs were lower throughout the
duration of the test.

3.2.2. Respiration rate (RR)

There was a significant decrease of respiration rate (RR) in fragments
exposed to PE-MPs after 72h, while there were no differences between
treatments after 24h (Fig. 2). After 72h, a reduction of RR was also
evident in depurated fragments in comparison to controls (Fig. 2)
(Table 3).

4. Discussion

This study provides evidence of PE-MP uptake by sponges, as well as
of the elicitation of negative biological responses. The uptake of MPs by
organisms may depend on particles stability in water media, since it
determines the aggregation behaviour of particles (Singh et al., 2019;
Issac and Kandasubramanian, 2021). Polyethylene and polypropylene,

Table 1

Intensity size distribution, average hydrodynamic diameter (Mean D) and
polydispersity index (PDI) of PE-MP suspension at 26 pg mL~' by DLS. D n%:
Diameter (nm) at 10%, 50% and 90% of the intensity size distribution from
CONTIN analysis; Mean D: Mean diameter (from cumulants analysis) PDI:
polydispersity index (from cumulants analysis). Values are expressed as mean +
standard deviation (SD).

Sample D 10% D 50% D 90% Mean D PDI
PE 13413 + 3733.97 + 4925.72 + 2513.96 + 0.91 +
59.77 8499.23 1683.36 527.88 0.16
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Table 2

Number (#) and percentage (%) of recovered MPs with respect to the initial
exposure concentration (500 ng mL ™' corresponding to 26.1 particles L)
identified per L of water as well as per kg of individual dry sponge’ tissue and
respective positive (B) and negative (CTRL) controls following 24h (B 24h; CTRL
24h and PE 24h), 72h (B 72h; CTRL 72h and PE 72h) exposures and 72h of
depuration (CTRL 72 hR and R72h). CTRL: negative control; PE: sponge frag-
ments exposed to PE-MPs; R: sponge fragments depurated after PE-MP exposure
(recovery time).

Sample #PEL ™! % #PE kg ! %
CTRL 24h 0 0 0 0
B 24h 22.0 84.2 - -
PE 24h 23.0 88.0 2.7 10.2
CTRL 72h 0 0 0 0
B 72h 54.3 100 - -
PE 72h 29.7 100 8.0 30.6
CTRL 72 hR 0 0 0 0
R 72h 1.7 6.4 4 15.3

due to their low density, are more stable in water columns in comparison
to higher density MPs, which have the tendency to sink (Issac and
Kandasubramanian, 2021). Accordingly, a mean of 2500 nm PE aggre-
gates was detected in water columns through DLS analysis, confirming
their aggregation kinetics and stability. These characteristics may have
fostered PE-MP bioavailability for P. ficiformis specimens, explaining the
high number of particles counted in the tissues of exposed sponge.

Some studies have documented that MP uptake in sponge may
depend on their selectivity in particles ingestion (Fallon and Freeman,
2021; Girard et al., 2021). These authors suggested that non-spiculate
sponges tend to incorporate larger (>50 pm) particles into their skele-
tons, whereas spiculate sponges generally incorporate smaller (<50 pm)
particles into their ectosome (Girard et al., 2021). Although we did not
perform histological analyses, preventing us to determine the location of
PE-MPs within sponge tissues, it is possible that P. ficiformis species may
incorporate them into their ectosome as suggested by Girard et al.
(2021). Indeed, phagocytosis of larger particles (>50 pm) by pseudo-
podia has been shown in many demosponges (Leys and Eerkes-Medrano,
2006). This hypothesis may justify not only the 30.6% of MPs in sponge
tissues after a 72h exposure, but also the 15.3% still present after the 72h
of depuration, supporting the idea that sponges have some capacity to
retain MPs. In addition, the accumulation of MPs increased with time of
exposure, with a percentage of PE particles 3 times higher in tissue after
72h exposure, compared to the 24h exposure. Similarly, Cole et al.
(2020) found that MP abundance in mussels’ tissue were dependent by
the exposure time, with 5.3 + 2.4 PS-MPs mg ' (polystyrene-MPs)
counted after 24h and 34.0 + 15. mg™! after 7d.

Upon ingestion, MPs are either retained in the organism, accumu-
lated and translocated into the tissue or egested (Prinz and Korez, 2020).
The potential for sponges to egest MPs has been also documented. The
calcareous sponge Sycon coactum egested microbeads (up to 1.0 mm) by
choanocytes action, engulfing and carrying them into excurrent cham-
bers (Leys and Eerkes-Medrano, 2006). P. ficiformis was able to expel
some of the experimental PE-MPs, as demonstrated by their presence in
the water from containers where sponges were left depurating for 72h.
Assessing what is the ability of MP egestion over longer periods of time
will be crucial for a more comprehensive understanding of the effects of
PE-MPs on this sponge. Nonetheless, our study brings compelling evi-
dence that PE-MPs egestion does not occur over a short period of time,
likely also as a consequence of particles reducing sponge pumping
activity.

Particle size, shape, concentration, composition, weathering and
erosional status as well as exposure and retention times, are assumed to
influence the impact of MPs on marine organisms (Cole et al., 2011), but
the role of most of these aspects in generating harmful effects remains to
be investigated. Although pristine MPs are not chemically harmful to
aquatic organisms, their ingestion can cause mechanical damage to filter
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Fig. 1. A. Results (mean + standard deviation (SD)) of filtration rate (FR)
performed at different time of detection (30, 60 and 90 min) for: A. Exposure 1
test (negative control (CTRL 24h), PE-MP exposure (PE 24h)); B: Exposure 2 test
(negative control (CTRL 72h), PE-MP exposure (PE 72h)); C. Exposure 3 test
(negative control (CTRL 72 hR), recovery time after 72h PE-MP exposure (R

72h). p < 0.05 (*); p < 0.01 (**); p < 0.001 (***).

feeders (Prinz and Korez, 2020). MPs can cause obstruction of feeding
organs (Cole et al., 2013), reduction of feeding capacity (Xu et al.,
2017), reduction in growth rate and reproductive ability (Sussarellu
et al.,, 2015; Barboza et al., 2018). By exposing sponges to pristine
PE-MPs, produced with defined properties for laboratory applications,
our results suggest a mechanical alteration of the functionality of tissues.
For example, O’Donovan et al. (2018) found that PE-MP ingestion could
alter biochemical responses (oxidative stress related biomarkers) in the
clam Scrobicularia plana through the mechanical damage of gills. Similar
mechanisms may explain PE-MP impairment of sponge physiology.
Large MP sizes have been proposed to cause abrasion to sponge as-
semblages, while small particles (<50 pm) are more likely to clog
filtration systems of these organisms (Baird, 2016). Our results showed a
time-dependent decrease of filtration rate (FR) in exposed sponges,



Table 3

t-test output for filtration (FR) and respiration (RR) rates performed for all
treatments, separately for each time of exposure time and time of detection.
Source of variations; df; t; p value. CTRL: negative control; PE: sponge fragments
exposed to PE-MPs; R: sponge fragments depurated after PE-MP exposure (re-
covery time). 24h-72h: time of exposure tests; 72 hR: time of recovery test.

Variable  Time Factor Detection daf  t p value
exposure time
FR 24h CTRL vs 30 min 2 0.26 0.81
PE 60 min 2 0.82 0.46
90 min 2 1.69 0.31
72h CTRL vs 30 min 2 3.71 0.02
PE 60 min 2 1.83 0.14
90 min 2 2.97 0.04
72 hR CTRL vs 30 min 2 9.64 0.0006
R 60 min 2 15.76 <0.0001
90 min 2 12.79 0.0002
RR 24h CTRL vs 120 min 2 0.18 0.86
PE
72h CTRL vs 120 min 2 84.00 <0.0001
PE
72 hR CTRL vs 120 min 2 189.00 <0.0001
R
154
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Fig. 2. Results (mean + standard deviation (SD)) of respiration rate (RR)
performed for all treatments at different time of exposure tests. p < 0.05 (*); p
< 0.01 (**); p < 0.001 (***). CTRL: negative control; PE: sponge’ fragments
exposed to PE-MP; R: sponge fragments depurated after PE-MP exposure (re-
covery time). 24h-72h: time of exposure tests; 72 hR: time of recovery test.

demonstrating that MPs may impact the pumping capacity on
filter-feeders. Like us, Girard et al. (2021) also documented a decrease in
pumping activity of different sponge species following the exposure to
MPs. In our study, FR remained lower in depurated P. ficiformis frag-
ments, suggesting that prolonged residence time of MPs may lead to
more severe effects on organisms (Wright et al., 2013). Active mecha-
nisms of sponges, including expulsion of particles from the aquiferous
system and pumping cessation, involve additional energy expenditure
and may not be sustainable in the long term (Strehlow et al., 2017). At
high contaminant levels, all available energy and metabolic capacity is
devoted to sustain the survival of individuals (Sokolova et al., 2012).
Respiration responds directly to metabolic needs and the oxygen con-
sumption is one of the main proxies for determining changes in meta-
bolic rates. Most toxicants studied have been found to reduce the
metabolic rate and, thus, the respiration of many organisms (Weis,
2014). Accordingly, our results showed that negative effects of MPs on
respiration responses (RR) were time-dependent. A reduction in the RR
was also detected in depurated sponges, suggesting that decreased food
uptake could have impaired sponge metabolic capacity. Indeed, reduced
food uptake was also discussed as a possible cause of metabolic
impairment by Rist et al. (2016). These authors observed that mussel
clearance and respiration rates decreased after 40-44 days of exposure
to different suspended polyvinylchloride (PVC) MPs (1-50 pm),

supporting the hypothesis that reduced feeding rates, due to a
MP-induced decrease in FR, could slow down metabolism.

Our results show that sponges are able to incorporate foreign parti-
cles and thus may be a potential bioindicator for MP pollutants. In
addition, sponges play key functional roles in both temperate and
tropical environments, including primary production, nitrification pro-
cesses, carbonate cycling, extraction of particles from the water column
and antifouling through production of secondary metabolites (Diaz and
Riitzler, 2001; Bell, 2008; De Marchi et al., 2021). Under these cir-
cumstances, reduced sponge diversity and abundance, or functionality,
are likely to influence the functioning of entire marine communities
(Powell et al., 2010).

5. Conclusions

This study demonstrates that the uptake of PE-MPs from the water
column alters filtration and respiration rates of P. ficiformis. Ability to
expel some of the ingested MPs suggests that this sponge may be
somewhat resistant to PE-MP pollution. Nonetheless, 72h of depuration
were not sufficient for the sponge to recover. Sponges play key function
roles in temperate and tropical environments and assessing their
response to MP pollution appears paramount for sustaining marine
biodiversity. In particular, further work is necessary to assess MP con-
tent in sponge populations under natural settings and whether MPs
affect sponges directly, through physical effects (e.g., clogging, use of
resources for the isolations of particles) or, indirectly, by favouring the
uptake of contaminants.
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