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a b s t r a c t

In the present paper, for the first time, the presence of beach litter in dunal plants has been verified
in a Strait area in an island. The aims of the present study were to evaluate if the psammophytes
can act as a trap for the beached litter, to compare beach litter in plants located in beaches with
different anthropogenic impacts, and to describe a new approach (namely clean patch index, CPI)
to evaluated the cleanliness of dunal plants. In total 738 macro litter items, belonging to 7 litter
categories were found in the study area. The main litter category collected was plastic, followed by
ceramic, glass, paper/cardboard, metal, sanitary waste, and medical waste. Our results showed that
psammophytes acted as a sink for the beach litter by trapping it. The CPI was higher in the dunal
plants than in the relative control patches. The average dissimilarity between ‘‘Montorsoli’’ and ‘‘Pylon’’
beaches was 88.7%. The highest contribution to the dissimilarity between the two beaches was the
construction material, followed by polystyrene and plastic pieces. Our data could be important for
the implementation of the monitoring program within the Marine Strategy Framework Directive, and
may also contribute to the development of specific management of the clean-up measures as well as
implement National and Regional action plans.

© 2023 Elsevier B.V. All rights reserved.
1. Introduction

Marine litter (ML) is defined as ‘‘any persistent, manufactured
r processed solid material discarded, disposed of, or abandoned
n the marine and coastal environment’’ (CBD Technical Series
o. 67, 2012). The ocean pollution caused by anthropogenic litter
as been recognized as a worldwide issue. (Ryan, 2015; Suaria
t al., 2016). Also, the Mediterranean Sea is very impacted by
nthropogenic litter and, in particular, by the accumulation of
lastic litter in surface water, sediments, and beaches (Cózar et
l.; 2015). ML consists mostly of plastics, which may affect marine
cosystems by transporting very hazardous chemicals, such as
rganic contaminants, heavy metals, pharmaceuticals, and per-
istent organic pollutants (Mathalon and Hill, 2014). ML can act
s a vector also for alien species (Barnes, 2002) and can cause
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negative effects such as poisoning, suffocation, and entanglement
on marine organisms (Markic et al., 2020; Ryan, 2019; Santos
et al., 2021). Moreover, ML impacts the marine trophic web (Car-
bery et al., 2018; Nelms et al., 2018) since litter is also ingested
by marine organisms (Bottari et al., 2022; Mancuso et al., 2022;
Porcino et al., 2023a). Moreover, some ML types such as fishing
lines, hooks, and nets can entrap plover birds nesting on sandy
beaches (Battisti et al., 2023). ML affecting the coastal water
quality can induce multi-scale ecological impacts on biodiversity
components, and ecological processes, both when occurring in
the sea or when stranded on the beaches (Battisti et al., 2020b;
Poeta et al., 2017; Soto-Navarro et al., 2021; Porcino et al., 2023b).
In this regard, sandy shores are generally considered important
sinks for floating debris (Asensio-Montesinos et al. (2019), Be-
naissa et al. (2021), Camedda et al. (2021), Fortibuoni et al. (2021),
Gündoğdu and Çevik (2019), Laglbauer et al. (2014), Mandić et al.
(2022), Mghili et al. (2020), Munari et al. (2016), Orthodoxou
et al. (2022), Vlachogianni et al. (2018), see Table S1), with con-
sequences also at socio-economic and aesthetic levels (de Araújo
and da Costa, 2007). The EU Marine Strategy Framework Directive
– (MSFD) recognizes macro- and micro-litter as major threats to
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Fig. 1. Study area. Strait of Messina. The investigated beaches are indicated in red dots while ports with white dots.
https://earth.google.com/web/@38.211644,15.60740628,9.38798353a,43889.60649222d,35y,0h,0t,0r/data=MikKJwolCiExTk5Fei1GZ1BoZzBnN2hfMnBuMV9NeEh5Zmdp
R1NCUjYgAQ?utm_source=earth7&utm_campaign=vine&hl=it. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
marine ecosystems that may prevent the achievement of Good
Environmental Status (GES). The ultimate goal of the MSFD is to
protect the marine environment against harm caused by marine
litter through Descriptor 10 (‘‘Properties and quantities of marine
litter do not cause harm to the coastal and marine environment’’).
Provisions include monitoring, assessment, and measures in order
to achieve or maintain GES (Hanke et al., 2019).

Coastal dunes are an important and unique ecosystem, they
re environments of great naturalistic and ecological interest
especially in the presence of the Mediterranean maquis), and
s transitional environment, they play a fundamental role in
he coastal protection against the coastal erosion (Andriolo and
onçalves, 2022; Cesarini et al., 2021). The presence of ML, and
n particular of plastics, entrapped in the dunal plants can be
onsidered an ecosystem service (Andriolo et al., 2021; Calderisi
t al., 2023; Gallitelli et al., 2021). This is because these plants
locking the plastics act as a sink of beach litter and can help to
reserve the environment, and the biodiversity of the beach itself
Cresta and Battisti, 2021; Menicagli et al., 2022). The presence
f ML was reported in several beach plants such as Arundo donax,
arpobrotus sp., and Cakile maritima (Andriolo et al., 2021; Battisti
t al., 2020b; Ben-Haddad et al., 2023; Gallitelli et al., 2021),
ighlighting that these plants are an important sink of plastics.
A key challenge in addressing the environmental and eco-

omic impacts of plastic pollution is to understand where it
omes from and which are the potential accumulation sinks. In
he Mediterranean context, the Strait of Messina is a convergence
egion, where upwelling currents and surface fronts may con-
entrate rafting litter in a relatively narrow area. For this reason,
he Strait of Messina has been recently proposed for monitoring
urposes of floating and beached litter (Battaglia et al., 2019).
he peculiar features of the waters of the Strait of Messina and
he ecological and biological importance of the coastal area, rep-
esenting the interface between sea and land, make the strait
very interesting site in the context of litter pollution. Thus,

he aims of the present study were: (i) to evaluate the beach
itter entrapped in the dunal plants (psammophytes) of the Strait
essina, (ii) to compare beach litter in plants in two beaches
2

with different anthropogenic impacts, and (iii) to describe a new
approach (namely clean patch index) to evaluate the cleanliness
of dunal plants.

2. Methods and materials

2.1. Study area

The funnel-shaped Strait of Messina, which separates Sicily
from the Italian peninsula and unites the Tyrrhenian and the
Ionian Seas (Fig. 1), is considered a hot spot of biodiversity (Spanò
and Domenico, 2017). The intense hydrodynamism of the waters
of the strait creates an ecosystem unique that also affects the
Ionian and Tyrrhenian basins (Azzaro et al., 2007; Bottari et al.,
2014; Busalacchi et al., 2014; Zaccone et al., 2010). The Strait
of Messina is a crucial point for the migration of many species,
such as large pelagic fish (Thunnus thynnus, T. alalunga, Sarda
sarda, Tetrapturus belone, and Xiphias gladius), sharks, rays, and
cetaceans (Di Natale et al., 2014).

The city of Messina is a highly anthropized area with sev-
eral human activities, such as commercial, tourist, and military
harbors, commerce, and agriculture. For this study, two beaches
were selected here named ‘‘Montorsoli’’ and ‘‘Pylon’’ beaches.
The investigated areas are different in terms of anthropogenic
impact (Fig. S1; Table 1). The first one covers an area of 1,223
m2 in the so called ‘‘San Raineri Arm’’ of the harbor of Messina.
The second beach covers an area of 3,848 m2, situated in the
Oriented Natural Reserve of Capo Peloro SCI (ITA030008), Site of
Community Importance and Special Protection Area under the
Council Directives 92/43 EEC on the ‘‘Conservation of natural
habitats and of wild fauna and flora‘‘ and 79/409/EEC on the
’’Conservation of wild birds.

The investigated beaches are different in terms of the an-
thropogenic impact. ‘‘Montorsoli’’ beach is closed to visitors and
used seldom for recreational fishing, ‘‘Pylon’’ beach is a tourist
beach (see Table 2). ‘‘Montorsoli’’ and ‘‘Pylon’’ beaches are very
close to each other (about 10 km) although they are exposed to
different winds and sea currents. Montorsoli beach is exposed to
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Table 1
Description of the two investigated beaches.

‘‘Montorsoli’’ beach ‘‘Pylon’’ beach

GPS Coordinates 38◦11’41‘‘N; 15◦34’25’’E 38◦16’0’’ N; 15◦39’10’’ E
Total length of the beach 182 m 452 m
Length study area 100 m 100 m
Total area without plants 1,223 m2 1,318 m2

Total area including plants 1,687 m2 3,848 m2

Prevailing currents on sampling day Montante (S→N) Scendente (N→S)
Prevailing winds on sampling day Mistral Mistral
Beach composition 95% sand; 5% pebbles and gravel 90% sand; 10% pebbles
Access to the beach Pedestrian Pedestrian, boat
Major usage beach Occasional fishing Local people, swimming, sun bathing, fishing, surfing
Distance Km from the nearest town 0 10 km
Seasonal population size of this town residential all the year Residential all the year, tourist spring and summer
Distance m from the nearest harbor 0 3500 m; Villa S. Giovanni (Calabria) harbor
Position of the harbor in relation to survey area South Nord
Type of harbor Touristic, commercial Touristic, commercial
Distance Km from nearest river mouth 1.5 km; Boccetta stream 4.4 km; Papardo stream
Position nearest river North South
How often is the beach cleaned Never Once a year, during spring (may)
Used method – Manual
Table 2
List of plants identified in the investigated beaches.
Species Family ‘‘Montorsoli’’ beach ‘‘Pylon’’ beach

Anethum foeniculum L. Apiaceae X X
Anisantha diandra (Roth) Tutin ex Tzvelev Poaceae X X
Arundo donax L. Poaceae X X
Chondrilla juncea L. Asteraceae X
Convolvulus soldanella L. Convolvulaceae X
Crithmum maritimum L. Apiaceae X
Cuscuta cesattiana Bertol. Apiaceae X
Cynodon dactylon (L.) Pers. Poaceae X X
Daucus carota L. Apiaceae X
Dittrichia viscosa (L.) Greuter subsp. viscosa Asteraceae X X
Echinophora spinosa L. Apiaceae X
Eryngium maritimum L. Apiaceae X
Euphorbia terracina L. Euphorbiaceae X X
Festuca ligustica (All.) Bertol. Poaceae X
Glaucium flavum Crantz Papaveraceae X
Hedypnois rhagadioloides (L.) F.W. Schmidt Asteraceae X
Lobularia maritima (L.) Desv. Brassicaceae X
Lotus creticus L. Fabaceae X X
Matthiola sinuata (L.) W.T. Aiton Brassicaceae X
Matthiola tricuspidata (L.) W.T. Aiton Brassicaceae X
Medicago marina L. Fabaceae X
Olea oleaster Hoffmanns. et Link Oleaceae X
Pancratium maritimum L. Amaryllidaceae X X
Reichardia picroides (L.) Roth Asteraceae X X
Scolymus hispanicus L. Asteraceae X X
Sonchus tenerrimus L. Asteraceae X
Sporobolus virginicus (L.) Kunth Poaceae X X
Thinopyrum junceum (L.) Á. Löve Poaceae X X
Tragopogon porrifolius L. Asteraceae X
Tricholaena teneriffae (L. f.) Link Poaceae X
North, Northeast winds and South–North current (namely scen-
dente), Pylon beach is exposed to South – Southwest winds and
South-North current (namely montante).

The plant communities present in the study area are herba-
eous formations with psammophytes attributable to the classes
akiletea maritimae Tüxen & Preising ex Br.-Bl. & Tüxen 1952 and
uphorbio paraliae-Ammophiletea australis Géhu & Rivas-Martínez
n Rivas-Martínez, Asensi, Díaz-Garretas, Molero, Valle, Cano,
osta & Díaz 2011 (Biondi and Blasi, 2013); in the first case it
egards formations of annuals or representatives of annuals and
erennials closest to the sea, occupying accumulations of drift
aterial and gravel rich in nitrogenous organic matter (di Blasi,
008). In the back stretch of emerged beach there are formations
f the coast representing the first stages of dune construction,
onstituted by ripples or raised sand surfaces of the upper beach
r by a seaward fringe at the foot of the tall dunes (di Blasi, 2008).
hese plant communities constitute habitats protected by the
3

Directive 43/92 and are included in the Annex 1, which contains
‘‘natural habitat types of community interest whose conservation
requires the designation of special areas of conservation’’; the
therophytic communities of the Cakiletea maritimae can be placed
into ‘‘Annual Vegetation of drift lines (cod. 1210), while the re-
maining perennial psammophyte formations (Euphorbio paraliae -
Ammophiletea australis) are attributable to the habitat ‘‘Embryonic
shifting dunes (cod. 2110)’’

2.2. Samplings

Macro litter sampling was carried out on May 2022, before
the annual ‘‘Pylon’’ beach clean-up, following the protocol of
paired sampling of Gallitelli et al. (2021). Overall, 10 patches,
in which psammophytes were present, and 10 control patches
without plants or with very little vegetation (less than 30% of
area), contiguous to the former ones, were examined for the
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Fig. 2. Psammophytes (A) and control patch (B) along the ‘‘Montorsoli’’ beach coastal dunes.
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Fig. 3. Number of beach litter items retained by Psammophytes and control
atches of the ‘‘Montorsoli’’ beach (A) and the ‘‘Pylon’’ beach (B).

resence of macro litter (Fig. 2). In both beaches, the vegetation
istribution did not allow to sample patches totally free of vege-
ation A total of 20 patches for each beach were randomly chosen
corresponding to a surface equal to 20 m2) along a linear transect
100 m). The distance between plots ranged from 6 to 10 m. In
ontorsoli beach the plots were located to a mean distance of
0 m from the tidal line. In Pylon beach the plots were more far
rom the tidal line, about 40 m. For each patch (1 × 1 m), to obtain

he number of litter items, we performed a macro litter removal

4

sampling. In the laboratory, each litter item was classified into
categories according to the Plastic Busters Guidelines (Fossi et al.,
2019). Psammophytes present in each patch were collected and
transported in plastic bags to the laboratory. Following Gallitelli
et al. (2021) we considered only items >0.5 cm for anthropogenic
macro litter, therefore excluding all items <0.5 cm.

For each sample, a voucher specimen was prepared as an
herbarium sheet. Vouchers are housed in the Phycological Lab
Herbarium (PhL) of the University of Messina, Italy (https://
sweetgum.nybg.org/science/ih/herbarium-details/?irn=253162).
For the taxonomic identification and the nomenclature of species,
reference was made to the analytical keys and to the treatment
contained in Pignatti et al. (2017, 2019) and Acta Plantarum (from
2007).

2.3. Data analysis

We classified each patch on the basis of the percentage of
coverture of psammophytes. An increasing score from 0 to 3 was
assigned to each patch (0: no vegetation; 1: 15%; 2: 30%; 3: 100%).
For each macro litter type, the frequency of occurrence (FO%)
was estimated as the percentage of the patches that contained
litter type. Litter and plastic densities expressed as items/m2 were
stimated for psammophytes and control patches.
A new modified index, the clean-patch index (CPI) was esti-

ated to evaluate the cleanliness of the dunal plants. It measures
he total litter of dunal plants and represents a cleanliness indica-
or. It is based on the density of total litter (not only plastic items),
ccurring in the monitored patch. The index has been calculated
tarting from the clean coastal index of Alkalay et al. (2007). This
ndex was calculated as CPI = LD ·K where LD is the litter density
items/m2) and K is a constant equal to 0.5. The coefficient K =

.5 was inserted into the equation for convenience i.e. to make
he values scale more easily comparable with the scale proposed
y Alkalay et al. (2007) for beach litter. In accordance with the
lean coast index (Alkalay et al., 2007) scale values from 0 to
0 indicate patches from very clean (0–2 CPI), clean (2–5 CPI),
oderately clean (5–10 CPI), dirty (10–20 CPI) to extremely dirty

>20 CPI).
Wilcoxon Signed Rank Test was applied to compare total litter

ntangled in psammophytes and control patches. The Kruskal–
allis test was applied to compare the plastic density (items/m2)
etween psammophytes and control patches. All the statisti-
al analyses and graphs were performed using GraphPad Prism
.4.2.3.
To compare litter composition between beaches data were

lso analyzed in terms of multivariate analysis using the pack-
ge Primer 6 (Clarke and Gorley, 2006). The dataset (items/m2),
fter log transformation, was used to evaluate the Bray-Curtis

https://sweetgum.nybg.org/science/ih/herbarium-details/?irn=253162
https://sweetgum.nybg.org/science/ih/herbarium-details/?irn=253162
https://sweetgum.nybg.org/science/ih/herbarium-details/?irn=253162
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Fig. 4. Marine litter composition of the Psammophytes (A) and control patches (B) in the ‘‘Montorsoli’’ beach, and of the Psammophytes (C) and control patches (D)
in the ‘‘Pylon’’ beach.

Fig. 5. Marine litter composition of the Psammophytes and control patches in the ‘‘Montorsoli’’ beach (A, B), and in the ‘‘Pylon’’ beach (C, D).
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Fig. 6. Macro litter frequency of occurrence (%) retained by psammophytes and
control patches in the ‘‘Montorsoli’’ beach (A) and in the ‘‘Pylon’’ beach (B).

resemblance matrix (Bray and Curtis, 1957). Analysis of similar-
ity (ANOSIM) was used to determine the significance of differ-
ences in litter composition among beaches, based on litter density
data. In order to visualize the litter distribution in relation to
space, the Multi-Dimensional Scaling (MDS) ordination method
was employed. The Similarity Percentage Analysis (SIMPER) was
carried out to identify the litter type contributing mainly to the
dissimilarity between beaches (Clarke, 1993).

3. Results

3.1. Macro litter composition

In total 738 litter items, belonging to 7 macro litter cate-
gories were found in the investigated area. The main litter cat-
egory collected was plastic (60.3%) followed by ceramic (29.4%),
glass (3.3%), paper/cardboard (3.9%), metal (2.2%), sanitary waste
(0.8%), and medical waste (0.1%).
6

In total in the Montorsoli beach, 640 items belonging to 7
macro litter categories, were found. Plastic was the most abun-
dant macro litter category (57%), followed by ceramic (33.9%).
Other macro litter categories (glass, metal, paper/cardboard, sani-
tary waste, and medical waste) represented 9.1% of the total litter.
As concern the total litter distribution, psammophytes patches
trapped 68% (435 items), the control ones trapped only 32% of
items (205 items). A significative difference between total litter
entangled in psammophytes and control patches was observed
(Wilcoxon Signed Rank Test – Z = 3.4: p < 0.01) (Figs 3, S2). The
main ML category collected in psammophytes patches was plastic
(69.7%), followed by ceramic almost represented by brick and
tile residues (22.1%), paper/cardboard (3.7%), metal (2.8%), glass
(0.7%), sanitary waste (0.9%), and medical waste (0.2%) (Fig. 4A).
In the psammophytes patches 40 different types of litter were
found, polystyrene pieces (from 2.5 cm to 50 cm) were the most
abundant litter items (29.9%), followed by construction material
(21.8%), plastic pieces (2.5 cm > < 50 cm, 15.9%), shopping
bags, incl. pieces (7.1%), foam sponge (3.7%), plastic caps/lids
from drinks, and cigarette packets (1.6%), nets and pieces of net
(>50 cm, 1.4%), cables, paper fragments and floats for fishing nets
(1.1%). All other items represented 11% of the total litter (Fig. 5A).

The main litter category collected in the control patches was
plastic (30.2%), followed by ceramic (18.9%), glass (2.2%), pa-
per/cardboard (0.8%), and metal (0.5%) (Fig. 4B). In the control
patches, 25 different types of litter were found, construction ma-
terial (pieces of brick) was the most common litter type (59%), fol-
lowed by polystyrene pieces (2.5 cm > < 50 cm) (8.8%), glass frag-
ments (6.3%), plastic pieces (2.5 cm > < 50 cm, 4.9%), foam sponge
(3.4%). Other plastic/polystyrene items (2%), cartons/tetra pack,
metal pieces <50 cm, plastic construction waste, shoes/sandals,
straws, and stirrers (1%). All other litter types were found in the
control patches, representing 6.3% of the total litter (Fig. 5B).

Among all patches, the number 2 with psammophytes (Crith-
um maritimum) entangled the greatest amount of litter items
s well as the corresponding control patch (Fig. 6a). The litter
ensity index in relation to percentage of coverture and height
f psammophytes is shown in Figure S2. The frequency of occur-
ence (FO %) for each litter type has been reported (Figure S3).
olystyrene pieces were found in all psammophytes patches and
n 40% of the control patches. The construction material occurred
n 90% of both psammophytes and control patches.

In the ‘‘Pylon’’ beach, 98 items belonging to 5 litter cate-
ories, were collected; plastic (81.6%) was the most abundant
itter category, followed by paper/cardboard (8.2%), and glass
7.1%), sanitary waste (2%), and metals (1%). As concern the total
itter distribution, psammophytes patches trapped 69% (N = 68),
hile in the controls 31% of items (N = 30) were found. A signif-

cant difference between total litter entangled in psammophytes
nd control patches (Wilcoxon Signed Rank Test – Z = 2.4: p <

0.05) was observed (Fig. 3B).
The main litter category collected in psammophytes patches

was plastic (80.9%), followed by paper/cardboard (8.8%), glass
(7.4%), metal, and sanitary waste (1.0%) (Fig. 4C). In the psammo-
phytes patches, 16 different types of litter were found, polystyrene
pieces (2.5 cm > < 50 cm), cigarette butts and filters were the
most abundant litter items (23.5%), followed by small plastic bags
(10.3%), other plastic/polystyrene items and foam sponges (5.9%),
shopping bags, food containers and paper fragments (4.4%), drink
bottles (>0.5l), cups and cup lids, cartons/tetra pack, cigarette
packets foil wrappers and aluminum foil, and toilet fresheners
(1.5%) (Fig. 5C).

In the control patches, 9 different types of litter were found,
‘‘Other plastic/polystyrene items’’ were the most common litter
types (26.7%), followed by polystyrene pieces (2.5 cm > < 50 cm)

(20%), small plastic bags (13.3%), cigarette butts (10%), glass bottle
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Table 3
Simper analysis results. Items with the highest contribution to the dissimilarity between the two beaches are in bold.
Litter type Montorsoli beach

Av. Abundance
Pylon beach
Av. Abundance

Av.Diss Diss/SD Contrib% Cum.%

Construction material (brick, cement, pipes) 1.86 0.00 18.23 1.50 20.54 20.54
Polystyrene pieces 2.5 cm > < 50 cm 1.38 0.54 10.78 1.49 12.15 32.69
Plastic pieces 2.5 cm > < 50 cm 0.81 0.00 7.62 0.80 8.59 41.28
Shopping bags, incl. pieces 0.68 0.08 5.30 0.93 5.97 47.26
Other plastic/polystirene items 0.32 0.34 5.03 0.75 5.66 52.92
Foam sponge 0.47 0.12 4.34 0.86 4.9 57.82
Cigarette butts and filters 0.04 0.37 3.37 0.60 3.8 61.62
Paper fragments 0.13 0.19 3.06 0.57 3.44 65.06
Glass fragments >2.5 cm 0.32 0.13 3.03 0.55 3.41 68.47
Small plastic bags, e.g. freezer bags, including pieces 0.00 0.32 2.88 0.59 3.25 71.72
Food containers incl. fast food containers 0.04 0.19 2.04 0.60 2.30 74.01
Plastic construction waste 0.15 0.00 1.63 0.50 1.83 75.85
Cups and cup lids 0.06 0.10 1.45 0.37 1.63 77.48
Nets and pieces of net > 50 cm 0.13 0.00 1.42 0.33 1.60 79.08
Shoes/sandals 0.15 0.00 1.42 0.50 1.60 80.68
Plastic caps/lids from drinks 0.20 0.00 1.36 0.51 1.54 82.21
Other metal pieces < 50 cm 0.12 0.00 1.24 0.31 1.40 83.62
Floats for fishing nets 0.17 0.00 1.23 0.52 1.38 85.00
Toilet fresheners 0.04 0.08 1.22 0.40 1.37 86.37
Cigarette packets 0.12 0.04 1.05 0.39 1.18 87.55
Drink bottles >0.5l 0.12 0.04 1.05 0.40 1.18 88.73
Cartons/Tetrapack (others) 0.11 0.04 1.03 0.43 1.16 89.89
Straws and stirrers 0.09 0.00 0.76 0.28 0.86 90.75
(pieces), paper fragments, cups and cup lids, food containers
(6.7%), and toilet fresheners (3.3%) (Fig. 5D).

Among all patches, the number 7 (including Reichardia spp.,
Lotus creticus, Daucus spp., Arundo donax, Festuca ligustica) entan-
gled the greatest amount of litter items as well as the relative
control patch (Fig. 6B). In Figure S3 the FO for each litter type
has been reported. Polystyrene pieces were found in half of
psammophytes patches and in 40% of the control ones. The plastic
bags occurred in 40% of psammophytes and in 30% of the control
patches.

3.2. Beaches comparison

In the ‘‘Montorsoli’’ beach, litter density was 43.5 and 20.5
items/m2 in the psammophytes and control patches, respectively
(Fig. 7A). In the ‘‘Pylon’’ beach, plastic density was 6.8 items/m2

in the psammophytes and 3.0 items/m2 in the control patches
(Fig. 7B).

In the ‘‘Pylon’’ beach, litter density was 30.3 and 6.2 items/m2

in the psammophytes and control patches, respectively. In the
‘‘Pylon’’ beach, plastic density was 5.5 items/m2 in the psam-
mophytes and 2.5 items/m2 in the control patches. Total lit-
ter density and plastic density were significantly higher in the
Montorsoli beach than the Pylon one (H=13.4, p<0.01; H=10.8,
p<0.01).

ANOSIM was applied to test the potential geographic effect.
The global R was equal to 0.49 (p < 0.01) indicating a significative
difference. The relative nMDS is shown in Fig. 8. The average
dissimilarity between the ‘‘Montorsoli’’ and the ‘‘Pylon’’ beach
was 88.7%. The highest contribution to the dissimilarity between
the two beaches was the construction material (20%), followed by
polystyrene pieces (12%), and plastic pieces (7%) (Table 3).

3.3. Clean patch index (CPI)

In the ‘‘Montorsoli’’ beach the psammophytes patches were
the dirtiest, CPI ranged from 4.5 to 45 with a mean value of 21.8
(Fig. 7C). In the control patches CPI ranged from of 4.0 to 39.5
with a mean value of 10.3. In the ‘‘Pylon’’ beach, psammophytes
patches were clean, CPI ranged from 0.5 to 9.0 with a mean value
of 3.4. The control patches were very clean, CPI ranged from 0.0
to 3.5 with a mean value of 1.5 (Fig. 7C).
7

4. Discussion

4.1. Litter composition in psammophytes of the Strait of Messina

In this study we assessed the role of psammophytes as a trap
for macro litter in two beaches located along a strait. Results
showed that psammophytes patches were more efficient in en-
tangling ML than the control patches. This is due to the height,
shape, and abundance of psammophytes present in the studied
patches. In this study the vegetation distribution did not always
allow to sample patches totally free of vegetation, but despite this
limitation a significative difference in litter density was observed.
Litter items also occurred in the control patches but to a less
extend due to the absence of vegetation or, in some cases, plants
with minimum height and limited distribution.

ML accumulation on the beaches is closely related to both
human intervention and natural variables. The factors that deter-
mine the amount, type, and distribution of ML are both environ-
mental and socio-economic variables. Among the environmental
variables, there are winds, currents, tides, river flows, and beach
morphology while the socio-economic variables are the munici-
pal infrastructure (e.g., collection and destination of solid wastes,
controlled urban drainage, etc.), the beach use, the social behav-
ior (i.e., the level of environmental education among the local
populations and tourists) (de Araújo and Costa, 2006; Thiel et al.,
2013). In addition to the factors listed above, vegetation can in-
terfere with the litter deposition dynamics in dune environments
(Battisti et al., 2020b; Cresta and Battisti, 2021; Debrot et al.,
2013; Gallitelli et al., 2023; Mo et al., 2021).

More particularly, coastal dune vegetation, playing a crucial
role in trapping sediment for the embryo-dune establishment and
hosting several invertebrates and vertebrate species (Battisti and
Gippoliti, 2019), can be also impacted by ML (Menicagli et al.,
2019), or may use ML opportunistically (e.g., polystyrene and
plant germination (Menicagli et al., 2020; Poeta et al., 2017).
Finally, plants can facilitate ML deposition, conditioning its dis-
tribution along the coasts e.g., (Debrot et al., 2013; Martin et al.,
2019).

Data from literature (Gallitelli et al., 2023, and references
therein) show that psammophytes in dunes progressively inter-
cept the marine litter, similarly to all types of litter in other
habitat types (e.g., mangroves, (Martin et al., 2019); shrubs and
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une plants, (Andriolo et al., 2020; Gallitelli et al., 2021); wetland,
Cresta and Battisti, 2021)). In detail, it is reported that plants
ith long and resistant branches, such as Arundo wrack, can

ead to the formation of a debris skein acting as a barrier for
icroplastic and as a trap for marine anthropogenic litter (Battisti
t al., 2020a).
8

4.2. Beach litter in psammophytes of two beaches with different
anthropogenic impact

Psammophytes of the ‘‘Montorsoli’’ beach were very impacted
by marine litter, represented mainly by plastic, bricks, and tile
Fig. 7. Litter density (A), plastic density (B) and clean patches index (C) of the dunal plants of the Strait of Messina.
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Fig. 8. Non-metric multi- dimensional scaling (MDS) ordination of the patches according to geographical site.
residues. In the ‘‘Montorsoli’’ beach, the psammophytes are lo-
cated very close (a few meters) to the coastline and, for this, could
be affected by the upwelling and rafting phenomena that char-
acterize the Strait of Messina. The upwelling currents together
with the influence of wind, create the recurrent phenomenon
of the stranding of mesopelagic fish. As well as mesopelagic
fish, also marine litter suffers the effects of stranding as demon-
strated by Battaglia et al. (2019) which highlighted the presence
of colonization of floats from stranded derelict fishing gears.

On the other hand, the density and FO of construction materi-
als were very high and equally distributed both in psammophytes
and in control patches, indicating that their distribution is not
influenced by the presence of the vegetation (i.e., no trap effect).
The source of this litter type, which compromises the aesthetic
of the beach, dates back to the eighties when huge quantities of
demolition material were dumped into several streams near the
‘‘Montorsoli’’ beach, and then reached the sea, as confirmed by
Pierdomenico et al. (2019) that reported the presence of bricks in
the Strait of Messina canyon.

Our studies showed that psammophytes of the ‘‘Pylon’’ beach
were the least impacted by ML. Our results are particularly im-
portant because Cape Peloro, and therefore the ‘‘Pylon’’ beach,
is included within the Special Protected Area. Despite the an-
thropogenic disturbance, this area still preserves the floristic-
vegetational aspects of considerable landscape and naturalistic
importance. Cape Peloro is also strategic for migratory flows
of birds moving within the basin of the Mediterranean (Corso,
2001). In fact, the Strait of Messina (together with the Strait
of Gibraltar and the Bosphorus) represents the most important
areas in which Mediterranean migratory flows are concentrated,
especially during the spring season.

4.3. Clean patch index

The clean patch index (CPI) applied in this study represents
the degree of cleanliness of a beach in a simple and objective way.
The CPI could be a new approach for dunal vegetation cleanliness
assessment that could be useful as a tool to monitor the efficiency
of periodic and targeted clean-ups of dunal plants.
9

Indeed, marine litter accumulates in coastal dunes and causes
serious damage to these fragile ecosystems (Mo et al., 2021).
Although dune plants play an important role because by in-
tercepting waste, they could prevent a threat to biodiversity
and ecosystems, and therefore this trapping is to be consid-
ered an ecosystem service (Cresta and Battisti, 2021). In this
regard, plants intercepting plastic litter could prevent a threat
to biodiversity and ecosystems. The fact that plastics might be
intercepted by psammophytes has useful implications for beach
clean-up management (Battisti et al., 2020b,a; Battisti and Gip-
politi, 2019). However, litter removal should be carried out being
careful of vegetation and birds of conservation concern (Battisti
et al., 2022). Commonly, the cleaning of beaches is carried out
using mechanical equipment (Pinardo-Barco et al., 2023). Differ-
ently, in this regard, only specialized workers should operate,
and innovative technologies such as drones and satellites may be
used to map anthropogenic litter in areas with low accessibility
(Andriolo et al., 2021, 2020). In all this framework, citizen science
and management should be encouraged (Gallitelli et al., 2023).

The presence of the beach litter indirectly produces the alter-
ation of biotic communities because the mechanical technique
does allow no distinction between beach litter and biological
resources such as plants and animals. In the recent past, these
techniques caused the leveling of the dune system of the ‘‘Py-
lon’’ beach. Even in the absence of very proper dune systems,
the psammophytes may act as significant reservoirs of historical
plastics, playing a critical role in their recycling and retention in
the coastal zone as reported by Turner et al. (2021) for the dunal
systems.

As concern, the management implications, the EU’s Birds and
Habitats Directives oblige member states to apply all neces-
sary measures to avoid disturbing and damaging protected bird
species. Moreover, the MSFD Descriptor D10 (‘‘Properties and
quantities of marine litter do not cause harm to the coastal
and marine environment’’) calls for Member States to cooperate
and establish regional and sub-regional specific threshold values,
implement monitoring mechanisms, identify sources of and harm
caused by ML, as well as to identify technical solutions for ML
management.
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. Conclusion

In this study the authors show for the first time the role of
unal plants as a trap for macro litter in two sandy beaches
ocated along the Strait of Messina. The study highlights the
mportance of Psammophytes that act as a barrier to marine
itter. Moreover, their occurrence could also contribute to beach
itter management. Further studies, maybe through the seasonal
onitoring of these and other beaches located along the Strait
f Messina, will be able to give us a picture of the dynamics
hat are linked to the stranding of the ML. Finally, this study
dds important data for the implementation of the monitoring
rogram within the Marine Strategy Framework Directive. Our
esults may also contribute to the development of specific man-
gement measures as well as implement National and Regional
ction plans.
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