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and use as spreading vector. In this way, human activities are promoting expansions of
potentially harmful species into novel ecosystems, putting in danger the autochthonous
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from five beaches eastwards the port of Gijon, in Asturias, Spain. Next generation
sequencing was employed to study the communities occurring in biofilm attached to
items of different materials. A dominance of DNA from Florideophyceans,
Dinophyceans and Arthropods was found, and four non-indigenous species were
identified. Results showed a clear preference of Florideophyceans and Bryozoans to
attach on textile surfaces versus plastic ones. Considering that these taxa contain
several highly invasive species described to date, these data emphasize the potential
of textile marine debris as a vector for dispersal of alien species. Moreover, the litter
macrofauna profile was more similar with port's macrofauna in closer beaches than in
farther ones, confirming that both plastic and textile marine litter can be a vector for
species dispersal from ports.
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Abstract

Marine debris is nowadays an important source of environmental and economic
problems. Floating litter can be employed by marine organisms as a surface to attach
and use as spreading vector. In this way, human activities are promoting expansions of
potentially harmful species into novel ecosystems, putting in danger the autochthonous
communities. In this project, more than 1,000 litter items were collected and classified
from five beaches eastwards the port of Gijon, in Asturias, Spain. Next generation
sequencing was employed to study the communities occurring in biofilm attached to
items of different materials. A dominance of DNA from Florideophyceans,
Dinophyceans and Arthropods was found, and four non-indigenous species were
identified. Results showed a clear preference of Florideophyceans and Bryozoans to
attach on textile surfaces versus plastic ones. Considering that these taxa contain several
highly invasive species described to date, these data emphasize the potential of textile
marine debris as a vector for dispersal of alien species. Moreover, the litter macrofauna
profile was more similar with port’s macrofauna in closer beaches than in farther ones,
confirming that both plastic and textile marine litter can be a vector for species dispersal

from ports.
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Introduction

Human activities are triggering environmental changes all over the world since the
beginning of intensive production methods. Activities such as agriculture, fisheries or
industry are overexploiting the natural resources and this has led to a situation where
species extinction rates have become 100 to 1000 times higher than the ones before
human domination [1]. A huge amount of the waste produced from this excessive
human activity is ending up in the ocean, altering marine ecosystems. These materials
are known as marine debris or marine litter. This problem has led to a difficult
situation, not only for the conservation of marine ecosystems, but also for human
health and economic activities. Plastic litter that is floating in the oceans is an
important cause of mortality for many animals such as marine mammals, seabirds or
turtles, either because they ingest it [2-3] and/or get entangled [4-6]. In addition,
marine litter causes important economic losses in industries such as fisheries, because
of the time spent cleaning the debris from nets, and net losses. As an example, marine
plastics cost an average of between $15 million and $17 million per year to the Scottish
fishing industry [7]. Tourism can also suffer negative impacts due to the presence of
marine litter on the coasts, which can affect the public perception of the quality of the

surrounding environment leading to a loss of income for this sector [8].

Regarding other types of potential threats caused by marine debris, its role as a
dispersal vector by invasive organisms is a fact of special concern [9]. Marine litter
promotes the establishment and dispersal of non-native species. It can provide surface
for colonizing species, facilitating their spread to new habitats [10]. Newly entered
colonizers can alter the local ecosystem affecting the native organisms in several ways,
from competition with or predation on native species to habitat alteration to
transmission of exotic diseases to local species [11-13]. In addition to the impacts on
local biodiversity, non-indigenous species have also severe impacts on the economy.
For example, in the United States, more than $138 billion per year are used to control
new colonizers, or to avoid infections of non-indigenous diseases [14]. Aquaculture
industries are also affected by invasive species that can alter the productivity, as in the
case of Caulerpa taxifolia which forms dense mats [15], or Carcinus maenas which

consumes native commercially important clams in Tasmania [16].
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Identifying the biota that arrives in the local ecosystem is the only way to detect alien
species and control invasions. However, quite often invaders are spread in an early
ontogenetic stage (e.g. eggs, larvae or algae propagules) and they are not visually
identifiable, thus non-indigenous individuals may remain undetected until they are
already adults and start reproducing and expanding [17-18]. Exhaustive monitoring is
needed, with low probabilities of finding non-stablished alien species due to their low
density [19-20]. Identification based on organism morphology requires expert
taxonomists specialized on the taxa to be analyzed, and often (especially in early
development stages) identification cannot be done to a species level, limiting it to
higher groups such as genus or family, which would not be useful for non-indigenous

species identifications [21].

Nowadays, new techniques have been developed and species identification can be done
based on sequencing and analysing nucleic acids extracted from environmental samples
[22], also called environmental DNA or RNA (eDNA, eRNA). Metabarcoding is a
well-established method for the detection of non-indigenous species and for biosecurity
applications [23-26]. In fact, techniques based on eDNA are advantageous when
detecting species with low densities (such as alien species at their arrival and before
establishing), as very low DNA concentrations may be enough to find a species when

the individuals are still very scarce and/or small [27-28].

Predicting invasions requires understanding the process of the invasion [29-30]; it is
therefore crucial to understand how marine debris is spread, and to study the organisms
with the capacity of attaching to these surfaces. There are solid studies about marine
plastics and their capacity to carry invasive species [31-38]; however, to our
knowledge no studies have been done some types of litter surfaces, for example textile
litter, as a vector. Ports being identified as potential donors of both marine litter and
invasive species studies of biota dispersing on different types of marine litter near ports
seem to be necessary to predict how much invasive biota can be dispersed using this

vector.

In this study, biota attached to litter items of different materials was characterized using
next generation sequencing on DNA extracted from the biofilm, to analyze the
composition of the communities inhabiting the marine debris. The biofilm of about
1.5% of surface of the litter objects collected from beaches within 20 km distance from

Port of Gijon (central south Bay of Biscay, Spain), where several exotic and invasive
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species have been reported [39], was sampled. The relationship between the fauna
inventoried in the port and the one found on litter objects nearby was explored.

Material and methods

Sampling

Five beaches located at the east of Gijon port (central south Bay of Biscay) were
selected for litter sampling: Arbeyal, El Rinconin, Pefiarrubia, Cagonera and La Nora
(Fig. 1). Being Gijon port a potential donor of marine invasive species, the reason for
this location is that the dominant currents go eastwards in this coast during the winter
[40], that was the sampling time of this study.

Fig. 1 Map showing the location in the northern Spanish coast of the five beaches

sampled

From the 131" to the 17N of January 2017, litter items were collected from the five
beaches. Sampling was carried out around the lowest diurnal tide (starting 2 hours
before and ending 2 hours after) in order to increase the beach surface available to
sample. All pieces bigger than 5 cm? were collected and their surface was estimated.
They were classified in situ in different types: sanitary pads, textiles, plastic bags,
plastic bottles, expanded polystyrene (EPS) fragments, fishing gear, and others.
Immediately after classification, the items or item fragments representing
approximately 0.25% of the total litter surface, representative of the litter profile in each
beach, were collected and stored in ethanol for further biofilm sampling and extraction
of environmental DNA.

Taxonomy

For the names of the species we followed the taxonomic nomenclature from the World

Register of Marine Species [41]. Regarding the status of the species detected visually
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and from DNA, exotic and invasive species were identified from the European Network
on Invasive Alien Species database NOBANIS [42].

Environmental DNA extraction and metabarcoding

Sterile swabs and gauzes were employed to take out the attached biofilm from the litter
by scratching the surface. Sterile DNA/RNA free distilled water was used to rinse and
clean the surface. After the biofilm was recovered from the litter, the cotton extremes of
the swabs were cut and collected with the gauzes in 15ml Falcon tubes with the water
that was also employed to take out the biofilm. Then they were macerated for 2 minutes
using a Stomacher 80 biomaster (Seward, UK). A negative control was prepared for this
whole procedure, by using sterile swab and gauze extremes and suspending them into
Sterile DNA/RNA free distilled water. Once the Stomacher finished, liquid excess was
squeezed from the rests of swabs and gauzes and the suspension was pelleted by
centrifugation (3000 x g 15 min) following the procedure reported by Pochon et al.
(2015) [43]. The supernatant was discarded and then DNA was extracted from the pellet
using an E.Z.N.A® Soil DNA Kit (Omega Bio-tek, USA) following the manufacturer’s

instructions.

The primers mICOlintF and jgHCO2198 [44] were employed to amplify a fragment of
~300bp within the COI gene (miniCOl). Both primers were modified to include the
specific sequences needed for lon PGM libraries. A single common forward primer was
used. Reverse primers were modified to include barcodes for each of the samples, so
that 16 different barcoded reverse primers were used. Each barcode has a known
sequence to identify the samples after the whole process. Before sequencing, the
quantity and quality of the DNA from PCR products was measured using Bioanalyzer
(Agilent technologies). The PCR reactions were performed using negative controls to
monitor possible contamination. Thermocycling conditions were: 1x: 95°C for 5 min;
35x: 95°C for 1 min, 48°C for 1 min and 72°C for 1 min; 1x: 72°C for 5 min and 4°C
on hold. The amplicons were analysed directly in the platform lon Torrent PGM
(ThermoFisher Scientific, USA), in the Unit of DNA Analysis of the Scientific &
Technical Services of the University of Oviedo.

Bioinformatics pipeline for analysis of NGS data

5
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Bioinformatics analyses were performed using QIIME, an open-source bioinformatics
pipeline [45]. Firstly, an initial screening was carried out in order to select reliable
sequences, with a quality value > 20 and a length >200 bp. This was performed using the
script split_libraries.py. For taxonomic assignment, the following script was used:
assign_taxonomy.py. Instead of using the whole GenBank as a reference, a specific
database containing only eukaryotic COI sequences was generated with the script
entrez.qiime (Chris Baker. ccmbaker@fas.harvard.edu. Pierce Lab, Department of
Organismic and Evolutionary Biology, Harvard University). An initial assignment was
made considering a minimum identity of 97% and an E-value of 1'%, as it was
considered enough to obtain reliable species identification from COI barcodes [46]. In
addition, assignments were also done employing minimum identity of 95% and E-value
of 10, to compare results. From the operational taxonomic unit (OTU) table obtained
after the assignment, only marine and brackish taxa were retained for further statistical
analysis.

A subset of 50 sequences assigned to a species level from each parameter set were
randomly taken from the OTU table. They were assigned manually against GenBank
using NCBI's BLAST web browser at
https://blast.ncbi.nim.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch (NCBI webpage,

accessed July 2019), for double-checking the reliability of the taxonomic identification.

Statistical analyses

The statistical analysis was carried out with parametric or non-parametric tests done in
PAST program [47] after checking normality in the dataset. For beach litter
composition, the proportion of each type of debris was compared among beaches using
non-parametric contingency Chi-square, confirmed from Monte Carlo procedure
(n=9999 permutations). The litter composition was compared between pairs of beaches
using Euclidean distance, and the results visualized in a plot constructed from non-
metric multidimensional scaling (hnmMDS) analysis after checking stress and r? in a

Shepard plot.

The DNA dataset was analyzed with the following variables: the number of species of

each taxon, the total number of species, the proportion of exotic species over the total
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number of species in each sample. Sequences assigned to terrestrial species,
environmental DNA and assignment artifacts were excluded from the analysis.
Comparisons of the average number of species on plastics (as plastic bags, plastic
bottles, buoys and expanded polystyrene) and textile objects (including sanitary pads
and fabric pieces) were done using non-parametric Mann-Whitney tests. The
community inferred from metabarcoding was compared between pairs of items using
Gower’s general similarity coefficient for presence-absence of each species, and
nmMDS analysis was conducted as above. The same PAST software by Hammer et al.

(2001) was employed.

Results

Beach litter

Beach surface ranged from 2500 m? in El Rinconin to 17500 m? in La Nora. A total of
1023 litter objects were found in the beaches, corresponding to densities between 1.26
and 4.57 items/m? in Arbeyal and Pefiarrubia respectively (Table 1). Considering the
litter surface, it was between 2.46 cm? of litter per m? of beach in the cleanest Arbeyal to
18.6 in the most littered Pefiarrubia (Table 1); for litter surface La Nora joined the group
of more polluted beaches together with Pefiarrubia and Rinconin, while for the number

of items it was closer to the least polluted Arbeyal and Cagonera.

Table 1. Characteristics of the beaches sampled from the central south Bay of Biscay.
Beach surface in m?. The litter density is given in surface as cm? of litter per m?, and as
litter items per m?.

Arbeyal Rinconin Pefarrubia Cagonera La Nora

Type of beach Urban Urban Rural Rural Rural
Substrate Sand Sand Pebble Pebble Sand
River No No No No Yes
Beach surface 14000 2500 8250 10625 17500
Latitude 43.5445N 43.5483N  43.5518N  43.5501N 43.5471N
Longitude 5.6934W  5.6390W  5.6237W  5.6100W  5.5897W
Litter density (surface) 2.46 9.01 18.61 2.93 10.46
Litter density (items) 1.26 4.20 4.57 1.29 1.30
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The majority of litter was made of plastic (61.9%), 33.9% was textile (sanitary pads,
clothes) and only 43 objects (4.2%) were of other materials. The five beaches were
significantly different among each other for the type of litter (Chi-square = 837.94 with
40 degrees of freedom and P = 6.31x102%%; Monte Carlo P = 0.0001). For example, in
Cagonera there were more textile items, while in La Nora the predominant litter was
small plastic pieces (Fig. 2A). Abandoned, lost or otherwise discarded fishing gears
(plastic ALDFG) were found in all the beaches except in Arbeyal (the urban beach closer
to Gijon port). Metallic objects, like cans, were scarce. They were found only from
Rinconin beach (Fig. 2A). Biota composition was quite different among beaches, being
Pefiarrubia and Cagonera beaches the most similar ones, mainly containing species

belonging to classes Florideophyceae and Dinophyceae (Fig. 2B).

Fig. 2 Litter (A) and biota (B) composition in the five beaches analyzed in this study,
presented as proportion of each type of item (A) or proportion of species of each main

taxonomic group (B).

The litter profile in the beach of Cagonera with so many sanitary pads can be explained
from a punctual malfunctioning of the domestic wastewater treatment in the
neighborhood. The neighbors were consulted about this and explained that the local
wastewater treatment plant was temporarily closed and the toilets flushed directly to the
beach. Thus, the large proportion of textile litter in that beach is likely not representative
of the common beach state. Campaigns for not disposing this type of objects in toilets

should be conducted in this area.

The nmMDS based on Euclidean distances had stress of 0, r? of 0.865 and 0.002 for the
axis 1 and 2 respectively. The beaches were grouped roughly by the abundance of textile
versus plastics, being connected in the minimum spanning tree almost following the
relative proportion of textile (Fig. 3A); the beaches richer in plastics (Rinconin and La
Nora) were more or less proximate and separate of the former, and Pefiarrubia was apart
(Fig. 3A).

Fig. 3 Non-metric multidimensional scaling analysis of the litter composition (A) and the
litter biofilm biota identified from DNA (B), in the five analyzed beaches. Scatter plots

constructed from pairwise Gower distances. The minimum spanning tree is presented.

8



258

259 Biota on litter items identified from Next Generation Sequencing

260

261  The surfaces sampled for biofilm and their composition are presented in Table 1. In

262  total they corresponded to 16 types from the different beaches, accounting for

263  approximately 2.5%o of the litter surface. Only biofilms from 12 samples (from the

264 initial 16 samples) provided DNA of quality to be successfully PCR-amplified and

265  sequenced (Table 2). Thus DNA sequences were not obtained from four expanded

266  polystyrene pieces. For the 12 remaining biofilm samples, nine were from plastic

267  objects and three were from textiles.

268

269  The initial screening left 278 124 sequences that were useful for species assignments, as

270  they passed the quality filter being >200bp and with a quality value >20 (Table 2).

271 Although the same DNA amount of each sample library was employed for next

272 generation sequencing, results were dissimilar, as for some samples much more

273 sequences were obtained than from others (Table 2). The polystyrene pieces from

274  Pefarrubia (P-P3) was the sample for which more sequences were obtained (> 90000),

275  while the plastic fragments from Cagonera (C-P4) provided the smallest number of

276 sequences. After OTU assignation 66% of the sequences in P-P3 were lost (still

277 remaining > 30000 sequences), and for the sample C-P4 none of the sequences assigned

278  to a species with the BLAST criteria employed. So finally, biofilm communities were

279  inferred from only 11 samples.

280

281  Table 2. Raw and filtered NGS results. Litter surfaces used for biofilm analyses,

282 concentration of eDNA as ng/puL, number of reads obtained before and after quality

283  filters, and number of sequences assigned taxonomically after the final BLAST.
eDNA Before After After

Beach Litter type Material Code  concentration quality  quality BLAST
(ng/uL) filter filter (Z;)z;
Plastic Bottle Plastic N-P1 2.66 57596 8476 969
La Nora Plastic Bag Plastic ISI-PZ 1.45 110931 33004 3417
Sanitary pad Textile N-T1 2.09 8024 5915 97

Expanded polystyrene Plastic N-P3 - - - -


Evidenziato
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Plastic fragment Plastic C-P4 1.88 1597 540 0

Cagonera Fishing gear Plastic C-P5 2.22 99716 38098 1379
Sanitary pad Textile C-T1 1.98 93725 38877 3137
Expanded polystyrene Plastic C-P3 - - - -
Fabric piece Textile P-T2 1.79 14414 8501 1193
Pefiarrubia  Expanded polystyrene Plastic P-P3 5.63 370143 91354 30241
Plastic Bottle Plastic P-P1 3.54 103369 24871 366
Rinconin Buoy Plastic R-P5 2.09 88324 19754 53
Expanded polystyrene Plastic R-P3 - - - -
Plastic Bag Plastic A-P2 217 5332 707 81
Arbeyal Plastic fragment Plastic A-P4 3.45 21964 8027 131
Expanded polystyrene Plastic A-P3 - - - -
284
285  Species assignations made with a minimum identity of 90% and an E- value of 1¢°
286  retrieved many hits (S1 Table), but the reliability was too low because 82% of the
287  manual individual BLAST did not assign the OTU to the same species. For > 97%
288 identity with the same E- value of 171, despite much fewer significant hits retrieved,
289  still 45% of the sequences checked manually were assigned to a different species using
290  manual BLAST. With a more stringent E-value of 1e°° and 90% identity, the number
291 of discrepancies between QIIME pipeline and the manual BLAST individual
292  assignations was 22%. Finally, with an E-value 1e”° and 95% identity all the putative
293 species identified from QIIME coincided with those retrieved from manual BLAST.
294 However, in order to increase the assignments to species level and not only to genus a
295  minimum identity of 97% was chosen, being the final conditions for the metabarcoding
296 assignments using QIIME a minimum identity of 97% and E-value of 1e-°. Although
297  85% of the initial sequences were lost due to these highly stringent parameters the
298 identifications obtained were very robust, as deduced from total coincidence with the
299  manual BLAST.
300
301  After all the process, 122 species were identified from biofilm DNA in the litter
302  biofilms sampled. Homo sapiens and other non-marine species were detected, such as
303 insects, mammals and freshwater organisms but they were not considered for posterior
304 analyses (S2 Table). Since we were working with debris like sanitary pads or plastic
305  bottles, which are in contact with humans, we expected to obtain a lot of human

10



306  sequences. Potential contamination with human DNA throughout the processing of

307  samples can be discarded since no DNA amplification was detected in the negative

308  control. Insect species (especially Diptera) and big mammals like Bos taurus (cattle)

309  and Sus scrofa (wild boar) were found in rural beaches like Cagonera; likely runoffs

310  carried the environmental DNA from the land. In the case of insects there is also the

311 possibility that DNA belongs to eggs that adults laid on the debris.

312

313  Considering only marine and brackish taxa, 86 species classified into 17 major groups

314  were identified from the biofilm samples analyzed. The putative taxa were not equally

315  distributed in all the samples and beaches (Table 3). In fact, some items showed a

316  bigger amount of taxa than others. Sanitary pads from Cagonera (C-T1) provided more

317  species (44 species) than the rest. On the other hand, biofilm from plastic bags from

318  Arbeyal (A-P2) only appeared to have a Phaeophycean alga (Petalonia fascia).

319

320  Table 3 Number of marine species of the main taxa obtained from each litter sample.

321 The same species may appear several times in different samples. Litter sample codes as

322 inTable 2.

Sample

Taxon A-P2 N-P2 P-PL C-T1 RP5 N-PL C-P5 A-P4 P-T2 N-T1 P-P3
Polichaeta 0 0 0 1 0 0 0 0 1 0 1
Arthropoda 0 2 1 5 0 2 1 1 1 0 3
Apicomplexa 0 0 1 0 0 0 0 0 0 0 0
Ascomycota 0 2 1 4 0 0 0 0 0 0 1
Bacillariophyta 0 0 0 1 1 0 0 1 1 0 0
Bryozoa 0 0 0 1 0 0 0 1 2 2 0
Chordata 0 0 0 2 0 0 0 0 0 0 0
Cnidaria 0 0 0 4 1 0 0 0 0 0 1
Echinodermata 0 0 0 2 0 0 0 0 0 0 0
Mollusca 0 0 0 2 2 0 0 0 1 0 2
Dynophyceae 0 0 0 10 0 0 2 0 0 0 10
Florideophyceae 0 0 0 7 1 0 8 0 6 4 1
Amoebozoa 0 0 1 1 0 0 0 1 0 0 0
Nemertea 0 1 0 1 0 1 0 0 1 0 3
Phaeophyceae 1 0 0 0 0 0 0 2 1 0 1
Porifera 0 1 0 3 0 0 0 0 0 0 0
Bangiophyceae 0 0 0 0 1 0 0 0 0 0 0
Total 1 6 4 44 6 3 11 6 14 6 23

323
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The non-metric scaling analysis arranged the beaches from their biofilm biota in an
order similar to that found from the litter items (Figs. 3A and 3B), with La Nora,
Rinconin and Arbeyal connected closer than Cagonera and finally Pefiarrubia. This was
connected with different types of biota found in biofilm from textile and from plastic
litter. For example, more Florideophycean (red algae) species were found on textile
samples than on plastic ones (13 species were found on textile samples and only 9 on
plastic; Figures 4A and 4B). For Dinophyceans, more species were found on plastic
litter (Figure 4A) than in textiles (Fig. 4B). Only one species of Bangiophyceans
appeared, which was found on plastic from Rinconin beach. On the other hand, the two
species of echinoderms and the DNA of two species of Chordata (two Perciformes) that

were found, only appeared on textile litter.

Fig. 4 Biota occurring in plastic (A, above) and textile (B, below) litter surfaces,
determined from eDNA and NGS.

Textiles and plastics were compared for the number of species of each taxonomic group.
Statistically significant differences between the two groups of litter items were found
only for Bryozoans and Florideophyceae DNA from a significantly higher number of
species of these taxa occurred on textile items than on plastic ones (Mann-Whitney U =
0.5 with z =2.764, P = 0.006; and U = 3 with z = 2.062, P = 0.03, for Bryozoans and red
algae respectively). However, focusing only on the macrofauna profiles analyzed in
previous studies in the region (i.e. number of species of the phyla Annelida, Arthropoda,
Bryozoa, Chordata, Cnidaria, Echinoderma, Mollusca, Porifera published in Miralles et
al. 2016), they were not significantly different between textile and plastic (Chi square =
7.885, 6 d.f., P =0.247, and Fisher’s exact test with P = 0.249 > 0.05, not significant).

DNA of three non-native species was found in the dataset, including two species that are
nowadays considered invasive in the study region: the brown alga Sargassum muticum
and the signal crayfish Pacifastacus leniusculus (Table 4). The two marine alien
species were found on Pefarrubia beach, attached to polystyrene items. The polystyrene
containing DNA traces of Illex argentinus was a fragment of a box typically employed
to transport fishing products and was not considered further, since the origin of DNA
was likely from catch of seafood remains and not true South American squid larvae. On

the other hand, DNA assigned to the signal crayfish (Pacifastacus leniusculus), which is
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358 from brackish or fresh waters, was found on biofilm from plastic bottle in La Nora

359  beach near the river.

360

361  Table 4. Non-indigenous and nuisance species which DNA was found attached to

362  beached litter objects; Shaded in gray, species native from the study region that have

363  been described as aliens or invasive elsewhere.

Taxon Species Issue Sample Reference
Malacostraca Pacifastacus leniusculus Invasive N-Plastic Bottle [48]
Cephalopoda Illex argentinus Alien P- Polystyrene [49]
Phaeophyceae Sargassum muticum Invasive P- Polystyrene [48]
Apicomplexa Isospora sp. Human parasite P- Plastic Bottle [50]

N-Plastic Bag [51]

Ascomycota Cladosporium herbarum Asthmatic outbreaks and allergies P- Polystyrene [51]
P- Polystyrene [51]

Ascomycota Penicillium digitatum Rare pneumonia cases C- Sanitary pad [52]
Ascomycota Fusarium solani Infection of human cornea C- Sanitary pad [53]
Cnidaria Muggiaea atlantica Invasiveness reported in Germany C- Sanitary pad [54]

Bivalvia Mytilus edulis Alien in the Black Sea C- Sanitary pad [55]
Dynophyceae Alexandrium catenella Paralytic shellfish poisoning P- Polystyrene [56]
Dynophyceae Karenia brevis Respiratory irritation C- Sanitary pad [56]
Dynophyceae Peridinium sp. Toxic blooms P- Polystyrene [56]
Dynophyceae Alexandrium ostenfeldii Paralytic shellfish poisoning C- Sanitary pad [56]
Dynophyceae Karlodinium sp. Toxic blooms C- Sanitary pad [56]
Dynophyceae Alexandrium minutum Toxic PSP blooms C- Sanitary pad [56]

C-Fishing Gear [56]

Dynophyceae Alexandrium sp. May produce toxic blooms P- Polystyrene [56]
Dynophyceae Azadinium poporum Azaspiracid shellfish poisoning C- Sanitary pad [56]
Dynophyceae Prorocentrum micans Shellfish killing blooms P- Polystyrene [57]
Dynophyceae Scrippsiella sp. May produce high density blooms P- Polystyrene [58]
Dynophyceae Alexandrium affine Alien in China, Ukraine, California C-Fishing Gear [13]
Florideophyceae = Plocamium cartilagineum Alien in the Mediterranean Sea C- Sanitary pad [13]
Florideophyceae Ellisolandia elongata Alien in the Belgian coast R-Buoy [59]
Florideophyceae Jania rubens Alien in the Mediterranean Sea P-Fabric piece [60]
Florideophyceae Chondrus crispus Alien in the United Kingdom C-Fishing Gear [61]
Florideophyceae =~ Gymnogongrus crenulatus Alien in the Australian coast C-Fishing Gear [62]
Phaeophyceae Leathesia marina Alien in the Mediterranean Sea A-Plastic fragment [63]

364

365  Apart from these non-indigenous species, DNA from several native species was also

366  found attached to the litter. Many of these species are considered potentially harmful

367  because some strains can form toxic blooms (case of some dinoflagellate species), or

368  produce diseases or allergies (Table 4). Some species do not cause any known toxicity
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or nuisance effects, but they are considered potentially dangerous in different places
around the world where they are non-indigenous or even invasive species. We detected
Florideophycean species such as Plocamium cartilagineum, Jania rubens (aliens in the
Mediterranean Sea), Chondrus crispus (alien in the United Kingdom) and
Gymnogongrus crenulatus (alien in the Australian coast); molluscs (Mytilus edulis;
alien in the Black Sea); and cnidarians (Muggiaea atlantica; invasion reports in

Germany).

Litter as a vector for species dispersal from Gijon port

For exploring the possibility of marine litter being a vector of dispersal from the ports,
the taxonomic profiles found in this study from beach litter were compared with
published data from the port of Gijon. The comparison was done using the subset of
marine macroscopic animal species only, because only macroscopic sessile animals were
sampled using a conventional approach in Miralles et al. (2016). A total of 24 species
were published in the port [39] (S3 Table). The number of shared species across
taxonomic groups found in litter biofilm in the five beaches and in the port was four out
of a total of 44 macroscopic animal species, corresponding to the polychaetes
Platynereis dumerilii and Syllis gracilis, the mussel Mytilus edulis, and the limpet
Patella vulgata. For further analysis, the macrofaunal species fouling on litter (whatever
litter type, since no significant differences were found between textile and plastic for
macrofauna species profiles) were organized by proximity to the port, considering
together the beaches located in the same bay -Arbeyal, Rinconin and Pefiarrubia on one
group, Cagonera and La Nora on the other (see Fig. 1). The profile of the fouled
macroscopic fauna of the port and the litter found on closer beaches was more similar to
each other than the fauna of the litter found on farther beaches (Fig. 5). The macrofauna
profile of Gijon port published by Miralles et al. (2016) was not significantly different
of that found on litter from the three closer beaches (Chi square = 7.797,5d.f., P =
0.168, and Fisher’s exact test with P =0.193). In contrast, the taxonomic profile of the
litter macrofauna found from the farther La Nora and Cagonera beaches was highly
significantly different from the port fauna reported by Miralles et al. (2016) (Chi square
=27.051, 7 d.f., P =0.0003, and Fisher’s exact test with P = 1.91X10'5).

14


Evidenziato

Evidenziato
Mollusca

Evidenziato
Cnidaria


402
403
404

405

406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434

Fig. 5 Proportion of species of different animal groups fouling Gijon old port piers and
litter from beaches near (Litter - close) or apart (Litter - far) the port.

Discussion

Although based on a modest number of items, this study provided a number of results of
importance in the field of environmental security. In the biofilm communities, as
expected, some of the species detected from DNA are microscopic, such as amoebas or
dinophytes. For the macroscopic species, the DNA was probably provided from free
environmental DNA of macroscopic organisms, or microscopic phases (early larvae,
eggs, propagules). The first result to be highlighted was DNA of a significantly higher
number of red algae and bryozoan species found in textile debris than in plastic litter.
Taking into account that both red algae [64-65], and bryozoans [66-67] contain a high
proportion of invasive species, it seems that textile debris would have the potential to be
a reservoir of potentially invasive species. Moreover, some of the species found in
textile are dangerous for public health because they may cause red tides (e.g.
Alexandrium minutum) or produce infections (e.g. Fusarium solani, Cladosporium
herbarum), thus the role of textile litter as a reservoir of species should be carefully
taken into account. Although fabric floatability is in principle lower than that of plastics,
thus a priori having shorter dispersal capacity, in beaches with high litter accumulation
the species accumulated in textile may pass on plastic items and eventually navigate
offshore, live tides or storms occurring. Nowadays focused on massive plastic debris,
future studies should consider also other types of litter —in addition to plastics- in order
to fully understand the role of marine litter as reservoir and dispersal vector of nuisance

species.

Another interesting result was the higher similarity of litter macrofauna profile with
port’s macrofauna in closer beaches than in farther ones. This can be considered a signal
of species dispersal from the port using marine litter as vectors. The macrofauna species
found on litter from their DNA were all native or cosmopolitan, this suggesting that
litter could not only transport alien species from Bay of Biscay ports [36], but also serve

as a vector for the dispersal of native species, as it was found in Swedish waters [68].
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Moreover, some of the native species that were found attached to marine litter (mainly
Florideophyceans) are considered alien or invasive in many other zones around the
globe, so our results show that marine litter could be potentially dangerous in these
areas, as it could be used as a spreading vector, facilitating alien species to reach and

colonize new habitats.

Regarding local alien species, in the NGS results we detected DNA of several non-
indigenous species, including an alga (Sargassum muticum), a cephalopod (Illex
argentinus), and a freshwater crayfish (Pacifastacus leniusculus). Alien species tend to
be very difficult to identify in the initial phases of colonization, as their population size
is normally small. This is an important issue, because nonindigenous species eradication
is easier in the first introduction stages when the population is not too big [69].
Sequences as those found in this study that occurred with low frequency should be
taken into account, as they might be the key to anticipate or avoid possible future
invasions. In this sense a deeper analysis is needed to interpret correctly the presence of
DNA of exotic species on the particular litter objects analyzed in this study. The
polystyrene piece sampled in Pefiarrubia carried 39 DNA sequences of two alien species
identified as Illex argentinus and Sargassum muticum. Individual BLASTs were made
with some of the sequences belonging to Illex argentinus and confirmed that they were
all correctly assigned. However, the Argentinean squid has no sessile larvae, and the
species has never been detected in the Bay of Biscay. The origin of the polystyrene
could explain this result; this material is employed in fishing vessels - polystyrene boxes
are used to store the catch. Probably a polystyrene box used to store that squid ended on
the sea and arrived in Pefiarrubia beach, still containing rests of squid DNA in the

biofilm.

In contrast with the former aliens, the other two are considered invasive in Spanish
waters. Sargassum muticum is a brown seaweed that has been already detected in
Asturias [70] and alters local biodiversity triggering the decline of some native species
such as Gelidium spinosum [71]. Our results suggest small propagules of this species
could be transported attached to marine litter, using it as a spreading vector to colonize
new environments. On the other hand, the presence of DNA of the freshwater signal
crayfish in a plastic bottle (household origin) from La Nora beach can be easily

explained. This beach is in the estuary of River La Nora, and eggs, larvae or naked
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DNA from freshwater organisms can arrive from the river, as rivers are conveyor belts
of DNA diversity [72]. The species Pacifastacus leniusculus has been reported from
River La Nora [73] and our results are consistent with it, having a representation of the

species living upstream.

On the technical side, next-generation sequencing was carried out from miniCOl
amplicons in this study. COl is a largely studied gene, and big amount of sequences are
available [74]. Reference databases for the 18S gene are currently growing and the gene
has been incorporated for example in BOLD (Barcoding of Life Diversity) although
more recently than COl, thus the number of reference sequences is still smaller for 18S
gene [75]. For this reason, we based our study only on COlI, that is today the most
represented DNA barcode in public databases [76]. Although COI gene is not a marker of
choice for algae identification, due to its low variability among plant species [77], in this
work we obtained many algae sequences with a high reliability (minimum identity

higher than 95% and e value <10'50). Many of them were randomly reviewed with
individual BLAST and gave a robust assignment with >97% identity and high scores, so
our study aligns with other authors who found COI to be a good tool to sequence red

algae such as Florideophyceae that we obtained here [78].

A problem for the use of Metabarcoding in biodiversity inventories is the unbalanced
coverage of different taxonomic groups in current reference databases, especially in
aquatic species [76]. Three biofilm sequences of a sanitary pad were assigned to
Squamamoeba japonica (S1 Table). Its presence in coastal Bay of Biscay waters could
be difficult to explain, because it is a deep-sea Pacific amoeba [79]. This could be an
assignment artifact due to the scarcity of references because in July 2019 the only sea
amoebas represented in GenBank with COI gene were of this species. It is possible that

some DNA sequences of other marine amoebas were erroneously assigned to it.

A limitation of this study is that we cannot be sure if the individuals detected from
DNA are alive or dead, that is, are or not able to start a real colonization of the
surroundings of the litter items where they were found. DNA can persist extracellularly
in the environment, making discrimination of living versus dead organisms difficult. In

contrast, RNA molecules have a low durability in the environment, so a metabarcoding
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approach using eDNA and eRNA may be used to differentiate between dead and alive
organisms [80]. Further studies could use RNA instead of DNA molecules for species

detection from marine litter.

Conclusions and management recommendations

In this study, species potentially dangerous for ecosystem and human health have been
found from DNA analysis of biofilm fouling litter objects. Textile objects, although
likely less mobile than plastic ones, carried a significantly higher proportion of nuisance
species. On the other hand, the macrofauna profile of litter objects found on beaches
seemed to be associated to the distance from the port, the closer the more similar. From
these results, paying attention to textile litter objects would be recommended, in
addition to the current concern about plastics and microplastics. Preventing litter
dispersal from ports would be another important recommendation for avoiding exotic

species spread.
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S1 Table. Number of sequences assigned to a species level with different BLAST
criteria. Beach acronyms stand as A, C, N, P and R for Arbeyal, Cagonera, Nora,
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S2 Table. Number of sequences assigned to each species in the biofilm samples
analyzed.

S3 Table. Macroscopic animal species found from conventional sampling in Gijon port
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