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Marine debris is widely recognised as a global environmental problem. This study assesses density, type, and
temporal trends ofmarine debris in two sandy beaches of Faial Island (Azores, NE-Atlantic). During sevenmonths
(six days permonth) the beacheswere surveyed by performing 10 random transects at each site. Recorded items
within the range 2–30 cm were organised into seven categories. Densities of total debris varied from 0 to
1.940 items m−2, with plastics dominating both areas. Both beaches, presented the highest debris abundance
in February, most probably related to prevailing winds and swell. Location and/or time of year also seemed to in-
fluence the type of debris present. These findings provide new insights into debris accumulation rates in the
Azores,where noprevious studiesweremade. It also confirms the global trend of increasedplastics accumulation
on shorelines, highlighting the need for further research in remote islands.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Marine debris is an issue of global concern since they can be found
everywhere in the ocean and coastal areas.When compared to polar re-
gions, higher concentrations have been reported in tropical and mid-
latitudes (Thompson et al., 2009; Maximenko et al., 2012), particularly
in shipping lanes around fishing areas and in oceanic gyre systems
(Allsopp et al., 2006). They are also evident near anthropogenic waste
inputs in the vicinity of densely populated places, or even in remote
areas (Widmer and Hennemann, 2010), far away from any evident
origin (e.g. oceanic islands and polar regions) (Ryan et al., 2009;
Barnes et al., 2010; Eriksson et al., 2013).

In the last 30 to 40 years, the nature of debris ending up in the ma-
rine environment has suffered a great change due to the upturn in the
use of plastics and synthetics (Leite et al., 2014). A large fraction of ma-
rine waste (60–80%) consists of plastics (Setälä et al., 2014), whose in-
dustries have globally increased from 1.5 million tonnes (1950s) to
299 million tonnes (2013) (PlasticsEurope, 2015). Consisting of long
polymeric chains created from organic and inorganic raw materials,
plastics are generally obtained from oil, coal and natural gas (Ivar do
Sul and Costa, 2013). These result in products that are inexpensive,
lightweight, durable and non-corrosive (Wright et al., 2013), but never-
theless, have strong resistance to physical/biological degradation pro-
cesses (Hidalgo-Ruz et al., 2012). The environmental fate of the debris
is understood to be influenced by human activities and hydrogeological
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factors that eventually lead to accumulation in coastal and open-ocean
areas (Kukulka et al., 2012; Eriksen et al., 2013).

Marine pollution has been fairly studied in the Atlantic Ocean since
the first researches in the 70s (Law et al., 2010) were predominantly
done in the NW Atlantic region (e.g. Ribic et al., 2010, 2011). However,
there is limited information regarding plastic quantification and distri-
bution east of the Gulf Stream (Morét-Ferguson et al., 2010), particular-
ly around oceanic islands (Thompson et al., 2009). The Azores Islands
(NE Atlantic) are located at the northern edge of theNorth Atlantic Sub-
tropical Gyre (SG) – the rotor of the North Atlantic circulation. These
islands are subject to very different types of ocean/atmosphere variabil-
ity and ocean dynamics at diverse scales (Martins et al., 2007;
Bashmachnikov et al., 2009). Therefore, near-coast circulation variabili-
ty around the islands can be quite complex at times.

Although the significance of plastic marine pollution is relatively re-
cent (Cózar et al., 2014), basic understanding about the classification,
distribution, variation and fate of these debris still remains uncertain.
Despite its recognised geostrategic position, in the Azores there is still
very limited knowledge about the presence and quantification of ma-
rine debris in the ocean and coastal areas. Therefore, themain objectives
of this pioneer study comprehended the monitoring of two sandy
beaches of Faial Island (Azores, NE Atlantic) characterised by two differ-
ent geographical orientations. There have beenmany attempts to quan-
tify debris on shores, sea floor, water column, and on the sea surface
(e.g. van Cauwenberghe et al., 2013; Hong et al., 2014), and most of
the acquired knowledge (i.e. abundance, distribution and origin) initial-
ly came from surveys of strandedwaste on coastlines (Ryan et al., 2009).
Beach surveys are considered a key-instrument for measuring loads of
marine debris in coastal and marine systems (Cheshire et al., 2009).
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The surveying technique applied in this research is designed as “stand-
ing-stock” assessment (Opfer et al., 2012), and is used tomeasure loads/
concentrations of debris at a shoreline site over time. Each sampling
event reflects a snapshot of the concentration of debris at the study
site, and continuing snapshots over time allow information on changes
in the baseline concentration of debris (Lippiatt et al., 2013). The ac-
quired information reveals the balance between inputs (e.g. land, sea
based) and removal (e.g. export, burial, degradation), and also allows
for analyses of changes in debris abundances according to drivers of de-
position (e.g. weather, beachgoers) (Lippiatt et al., 2013). Afirst analysis
of the abundance, density and temporal variability of marine waste is
therefore, documented for these two remote areas of the NE Atlantic.

2. Material and methods

2.1. Study sites

The present research took place in two beaches of the Faial Island
(Azores Archipelago, Portugal). The Archipelago is located in the central
northeast Atlantic (36–40°N, 24–32°W) and consists of nine islands,
clustered into three groups (oriental — two islands, central — five
islands, and occidental — two islands), the island of Faial being a part
of the central group. Monitoring locations were chosen to have similar
features (e.g. sandy sediment, type of access, user profile, closeness to
urban centre), but to contrast in their physical structures (e.g. different
exposure, ocean dynamics, land-use characteristics). Field surveys were
performed outside the official bathing season (between June and Sep-
tember) so that gross clean-ups were avoided. We could not however,
control informal cleaning efforts made by public members and/or local
environmental organisations.

The sandy beach of “Praia de Porto Pim” (PP) (38°31′29″N, 28°37′
32″W) is a southwest semi-enclosed facing bay that is approximately
292 m in length (Fig. 1). Located in the Natural Park of Faial Island, it
is classified as a Protected Landscape Area [FAI08] by the Regional Leg-
islative Decree no. 46/2008/A, of November 7th. Porto Pim is limited to
the north and south by rocky areas, while to the south (upper border of
the beach) it is characterised by sandy dunes with vegetation and rocky
cliffs that act like fencing barriers to the beach. This place can be easily
accessed by pedestrians throughout the year, and has some beachgoer
activity even during wintertime. In addition, it is located in the city of
Horta, the only urban area of the island, and several private houses,
snack bars, and restaurants are located close to it. There are also a few
pipes for urban runoff and drain inputs in the area.

The second study site is a southeast facing sandy beach, “Praia da
Conceição” (PC) (38°32′35″N, 28°37′08″W), close to the harbour of
Horta, and is about 162 m long (Fig. 1). This beach is characterised by
the presence of pebbles (mostly permanent on the harbour's side), as
well as, constantly moving ones, closer to the water's edge. The upper
border of the shore is delineated by a stone-wall and a narrow road
that leads to a park and to themunicipal pool. By being directly exposed
to the Faial–Pico Channel the beach is enriched in sand and gravel, in a
more or less continuous mode. During rainy days, the Conceição's rivu-
let (stranded between a small breakwater and the new city harbour)
drains directly into the sea. Pedestrians and vehicles can also easily ac-
cess this beach. Due to its dynamics (i.e. sea agitation and swell) surfers
and fishermen are habitual attendees of this beach. In both sites, regular
clean-ups are only performed during the bathing season; however,
large debris items and reeds are occasionally hand removed after strong
rainy days or storms.

2.2. Survey design

The indexation of marine debris into categories and their quantifica-
tions were performed by a “standing-stock”method proposed by Opfer
et al. (2012) with some adaptations.
At each site, a study area (100 m length; measured parallel to the
water)wasdemarcated anddivided into 10mwide subsections.Wede-
signedwider subsections (originally 5mwidth) than those proposed by
Opfer et al. (2012), since studies have shown that 5 m is suitable for de-
bris quantification, but inadequatewhen considering the number of cat-
egories of debris (de Araújo et al., 2006). Before surveying, four
numbers of a random number table were chosen to eliminate any bias
from visual inspection of the shoreline section (Lippiatt et al., 2013).
The selected numbers corresponded to four 10 m transects within the
shoreline section for that particular survey. Transects were conducted
only during low tidal phases. These were always initiated from the
back of the shoreline (i.e. location of the first barrier or primary sub-
strate change) towards the shoreline section of the water's edge. For
each transect, sampling time varied from 6 to 29 min at PP and 5–
10 min at PC, depending on the amount of present items. Due to signif-
icant differences in beach length (i.e. PP= 292m; PC= 162m), we de-
cided to cover 200 m of study area at Porto Pim. Therefore, a total of
twenty subsections were chosen to cover most of the shoreline. Ten of
these were monitored for one month, while the remaining 10 were
run the following month, assuring in this way, a more reasonable com-
parison between study sites and the total studied area. Surveys took
place during six days (PP: days I, III and V; and PC: days II, IV and VI)
at mid-month. These were initiated in November (2012) and finalized
in May (2013). This period was chosen such that major clean-ups
(that occur regularly throughout all bathing seasons) could bemaximal-
ly avoided.

There are many different definitions of debris scales (e.g. Desforges
et al., 2014; Ivar do Sul et al., 2014). We decided to follow the classifica-
tion of Barnes et al. (2009), and therefore, define macro-debris as 2–
30 cm items, such that small and medium scales were included.
Target-sized debris was recorded according to material category and
then by specific item or product. A total of eight main categories were
included (plastics, cloths/fabric, glass, metal, rubber, processed lumber,
others and large). These were divided into subcategories (number of
subcategories: plastics = 21; cloths/fabric = 3; glass = 3; metal = 3;
rubber=3; processed lumber=3; others= 1; and large items were in-
dividually identified) (Table 1). Supplementary subcategories were
added to the original list, since Lippiatt et al. (2013) recommended
the addition of locally important debris that enables regional customiza-
tion of databases. Countswere reported in units of debris (i.e. number of
items m−2), so that density of debris was immediately accessed.

Additional information describing recent storm activity and current
weather conditions (e.g. wind and swell direction, precipitation, water
temperature, cloud coverage, tidal phase and height) for Horta (Faial Is-
land) were accessed online (at the “Instituto Português do Mar e da
Atmosfera”: www.ipma.pt), and recorded prior to fieldwork. Analyses
of debris fluctuations in comparison to wind speed and swell height
were obtained.

2.3. Statistical analyses

Additionally to the quantification of the abundance of debris, the
density (D) of items was also calculated as the number of items m−2

(D = N/A), where N = total number of items per transect, and A =
area (length of the transect [m] × 10 [m]) (Topçu et al., 2013).

We tested the null hypothesis for the effect of two independent var-
iables (factors) on the amount and categories of debris found on the
beaches, by means of a two-way ANOVA (Underwood, 1997): factor
“Beach” with two levels (PC and PP) and factor “Month” with six levels
(November, December, January, February, March and April). May was
only considered for spatial and temporal analysis of density, being left
out of the 2way-ANOVA, since it was not possible to survey PP during
this month (due to gross removal of sediment, includingmarine debris,
performed by municipal works conducted on the beach). We consid-
ered that the 10 transects (N=10) sampledpermonth at each site, rep-
resented the independent replicates for the combination of the two

http://www.ipma.pt


Fig. 1. Location of the Azores Archipelago, the city of Horta and the study sites: black crosses represent the two beaches surveyed, namely Conceição (top) and Porto Pim (bottom).

577C. Pieper et al. / Marine Pollution Bulletin 101 (2015) 575–582
orthogonal factors of this study. Data was log transformed [log (x+ 1)]
according to Zar's (2010) specifications, whenever the assumptions of
normality (assessed by theKolmogorov–Smirnov test) and variance ho-
mogeneity (assessed by Levene's test), were not accomplished. In case
this transformation did not remove heterogeneity of variances, tests
were performedwith untransformed data, since the analysis of variance
is a robust test for such condition (Underwood, 1997). Also, Student's t-
test was run to allow the comparison of abundances of debris (main
categories) between the two beaches (PC and PP). We considered that
means were statistically significant whenever p b 0.05. According to
Zar (2010), this is a robust test for the deviations of normality assump-
tions. The 2-way ANOVA was conducted on the general debris abun-
dance and on the seven target-size debris categories (plastics, cloths/
fabric, glass, metal, rubber, processed lumber and others). Category large
was not included in this analysis, since items over 30 cm were barely
counted in comparison with other debris types (Table 1). Since plastics



Table 1
Total counts of debris divided by main and subcategories. Debris were recorded from ten (10 m wide) subsections on each beach (Conceição — PC; and Porto Pim — PP), during a seven
month period (November, 2012 to May, 2013). Partial totals and percentage (% PC; %PP) are also provided for each main category and subcategories. Source allocation (Ocean, Land and
General sources) is provided for some subcategories based upon Ribic et al., 2011.

Main categories Subcategories PC % PC PP % PP Ocean Land General

Plastics

Fragments 2915 10% 15,754 56%
Bottle or container caps 339 1% 1672 6%
Beverage bottles 35 0% 39 0% x
Other jugs or containers 33 0% 33 0%
Food wrappers 141 0% 118 0%
Lollipop sticks 32 0% 198 1%
Polystyrene/foamed plastic/styrofoam 240 1% 72 0%
Straws 13 0% 52 0% x
Utensils/artefacts 69 0% 139 0%
Personal care products 14 0% 29 0% x
Cigarettes tips/filters 120 0% 372 1%
Cigarette lighters 16 0% 48 0%
Light sticks 6 0% 26 0% x
Ropes/small net pieces 246 1% 1800 6% x
Buoys/floats 4 0% 5 0% x
Fishing lures/lines 5 0% 19 0% x
Tubes 41 0% 109 0%
Bags 201 1% 309 1% x
Boxes 115 0% 291 1%
Tapes 37 0% 146 1%
Other 131 0% 337 1%
Total 4753 17% 21,568 76%

Cloths/
fabric

Towels/rags 33 0% 42 0%
Clothing/shoes 13 0% 2 0%
Non-nylon rope/net pieces 2 0% 1 0%
Total 48 0% 45 0%

Glass

Fragments 311 1% 517 2%
Bottles 10 0% 5 0%
Ceramic pieces 403 1% 133 0%
Other 9 3% 0 2%
Total 733 3% 655 2%

Metal

Fragments 26 0% 3 0%
Tin cans/aluminium 9 0% 1 0% x
Other 24 3% 9 2%
Total 59 0% 13 0%

Rubber

Fragments 23 0% 93 0%
Clothing/shoes 13 0% 4 0%
Other 22 0% 80 0%
Total 58 0% 177 1%

Processed lumber

Paper/cardboard 10 0% 14 0%
Lumber/building material 15 0% 8 1%
Other 9 0% 2 0%
Total 34 0% 24 0%

Others
Unclassifiable 51 0% 14 0%
Total 51 0% 14 0%

Large
Other 20 0% 9 0%
Total 20 0% 9 0%

Table 2
Mean debris densities with corresponding standard error (M ± SE) recorded during the
sampling period, at Conceição and Porto Pim beaches. The results from Student's t-test
(t) used to detect significant differences of debris between beaches (PC and PP) are also
presented (for a 95% level of confidence, α = 0.05).

Conceição (PC) Porto Pim (PP) Student's t-test

M SE M SE t p

Plastics 0.323 0.032 1.132 0.164 −10.192 0.000
Cloths/fabric 0.003 0.001 0.002 0.000 −0.400 0.690
Glass 0.048 0.011 0.035 0.003 −0.508 0.612
Metal 0.004 0.001 0.001 0.000 3.831 0.000
Rubber 0.004 0.001 0.008 0.002 −5.877 0.000
Processed lumber 0.002 0.001 0.001 0.000 0.593 0.555
Others 0.004 0.002 0.001 0.000 1.650 0.102
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were highly present, we decided to run the same analysis on the most
abundant subcategory (fragments) (Table 1). Whenever significant dif-
ferences were found (p b 0.05), we conducted a post-hoc HSD Tukey's
test. Statistical analysis of debris abundance was performed using the
software SPSS (v. 20.0, Armonk, NY, IBM Corp.).

3. Results

3.1. Composition and temporal variability of marine debris

In total, 28,261 items of debriswere found on themonitored beaches.
The debris items were composed of plastics (26,321 items, 93.14%), glass
(1388 items, 4.91%), rubber (235 items, 0.83%), cloths/fabric (93 items,
0.33%),metal (72 items, 0.25%), processed lumber (58 items, 0.21%), and
others (65 items, 0.23%). The category large was considered nearly ab-
sent, since only 29 items (0.10%) were counted throughout the survey
period (Table 1). We recorded 5756 counts at Conceição and 22,505
counts at Porto Pim, and detected all main categories at both beaches.
Even so, the most representative ones were plastics (96% at PP; 82% at
PC) and glass (3% at PP; 13% at PC), while the remaining categories
(processed lumber, metal, rubber, cloths/fabric, others and large) repre-
sented less than 1% of total counts (Table 2). When considering subcate-
gories, plastics was the most abundant again, where the five highest
counts were fragments (18,669 items, 79.34%), caps (2011 items,



Table 3
Statistical parameters of the two-way ANOVA, applied to the abundances of general debris,
plastics and plastic fragments, in the two sandy beaches, and during a six month sampling
period (for results with a 95% level of confidence (α), α = 0.05).

Abundance Factors F p

General debris
Beach 113.721 0.000
Month 4.187 0.002
Beach × month 1.688 0.144

Plastics
Beach 121.267 0.000
Month 5.183 0.000
Beach × month 0.767 0.575

Plastic fragments
Beach 117.205 0.000
Month 4.901 0.000
Beach × month 1.041 0.397
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8.55%), polystyrene (312 items, 1.33%), cigarette tips/filters (492 items,
2.09%), and ropes/small net pieces (2046 items, 8.70%) (Table 1).

Debris loads (items per m2) varied between 0 and 1.940 during the
survey period (Table 2).

The two-way ANOVA test pointed to a significant effect of both fac-
tors (Beach and Month) upon the general abundance of debris (at both
sites and along time) (Table 3). This was visible for the most part in
PP, wherewe recorded highest abundances for overall categories (slight
exception for glass — Table 2), particularly in February (M ± SE;
626.200 ± 46.100) (Fig. 2; Table 3).

Since plasticswas the main recorded category at both beaches, data
fluctuated similarly to general debris (Table 3), with both Beach and
Month significantly affecting its density. At PP beach significantly higher
amounts of plasticswere recorded (p=0.000),mainly in February (p=
0.002) (Fig. 3). Subcategory plastic fragments also indicated significantly
different results in terms of the total amount of debris (p = 0.000)
(Table 3). Beach and Month proved to be statistically significant (p =
0.000), andwere characterised by the same site (PP) andmonth (Febru-
ary) (Fig. 4).

During sampling days in February 2013, winds were predominant
from the western quadrant (five days: WSW, WNW; one day: SW).
Wind speed (knots) was highest during this month (21.000 ± 2.144),
and ranged from 14 to 32 knots (Fig. 5). Swell direction also prevailed
from the western quadrant (four days: WNW, W; two days: NW,
NNW). Average swell height (m) was 5.350 ± 0.626, varying from 4
to 9 m during February (Fig. 5).

3.2. Potential sources

Counts of debris allowed us to identify potential indicator items (i.e.
subset of marine debris used to attribute littering sources). For that rea-
son, we followed the classification of Ribic et al. (2011) and considered
Fig. 2.Mean abundance of general debris with corresponding standard error (M± SE), recorde
α=0.05). Columns with different letters point to significantly different means of general debri
differences of general debris mean abundance; between months.
three major sources: land-based (personal care products; straws; tin
cans), ocean-based (light-sticks; ropes/small net pieces; buoys and
floats; fishing lures and lines), and general (bags; beverage bottles). A
total of 118 items (0.42%) were recognised as land-based sources (69%
at PP; 31% at PC), 2111 items (7.47%) were ocean-based (88% at PP;
12% at PC), and 584 items (2.07%) were identified as general sources
(60% at PP; 40% at PC).

4. Discussion

This research represents the first assessment of beached marine de-
bris in the Azores Archipelago. It is of particular interest to study how
marine pollution affects these remote oceanic islands, since plastic
items were permanently present.

4.1. Assessment and dynamics of beached debris

Plastics were themain sampled category on both sites, being identi-
fied in all monitoredmonths and transects. The same findings have also
been reported in studies on sand beaches (Hong et al., 2014; Poeta et al.,
2014) and remote islands (Ribic et al., 2012; Carson et al., 2013;
Eriksson et al., 2013) where other classes of material are less distinctive.
High presence of synthetic polymers in these environments is typically
driven by input, persistence and floatability (Topçu et al., 2013), where
items tend to break down and become brittle due to natural erosion
events (Corcoran et al., 2009). This was confirmed (while sampling)
by visual detection of accumulation areas along the intertidal zone:
high quantities of plastic fragments tended to remain in the backshore
and in tidal lines, whereas heavier items (e.g. glass) and macrodebris
tended to be closer to the water. Spatial distribution of debris on the
sand is explained by dissimilarity of densities (i.e. mass per unit of vol-
ume) (Tudor and Williams, 2001), as lighter items are effortlessly
transported to farther distances than weightier ones (Ryan et al., 2009).

However, it is not only thematerial's characteristics by itself that can
explain differences of debris counts throughout this research. Statistical
analysis suggested that a combined effect of factors (Beach and Month)
influenced the number of beached items. Researchers like Eriksson et al.
(2013) define the two “greatest energy forces”which impact the arrival
of marine debris on beaches:winds and tides. In this way, there is a par-
ticular set of physical (topography, orientation and sediment),meteoro-
logical (wind and storms), and oceanic (swell) characteristics that must
be considered so that variability of debris can be comprehended. Porto
Pim (semi-enclosed bay with south-west orientation) seems to have
ideal conditions for debris accumulation, due to its shelter-like features
(presence of dunes, vegetation, cliffs and low sea exposure), that trap
and retain marine waste. Depending on wind direction and strength,
plastic items (mainly fragments) can be buried in the sand or trapped
d for both beaches during sixmonths (for a 95% level of confidence (α), two-way ANOVA,
s abundances, betweenmonths. The absence of letters means that there were no statistical



Fig. 3.Mean abundance of plastics with corresponding standard error (M ± SE), recorded for both beaches during six months (for a 95% level of confidence (α), two-way ANOVA, α =
0.05). Columns with different letters point significantly different means of plastic abundances, between months. The absence of letters means that there were no statistical differences of
plastic mean abundance; between months (1.5 column fitting image).
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in the dune's vegetation (Portz et al., 2011), being released during
favourable conditions (e.g. opposite wind direction, high tide, rain or
strong swells). On the other hand, Conceição (connected to the Faial–
Pico Channel with south-east orientation) appeared to be less
predisposed to high debris accumulation. According to Thiel et al.
(2013) and de Lucia et al. (2014), rivers and harbours can introduce sig-
nificant local debris in coastal beaches. In our case, and despite the pres-
ence of a rivulet and a nearby harbour, marine debris counts in Praia da
Conceição tended to be lower than in Porto Pim. Higher ocean dynam-
ics, reflected in stronger andmore frequent swell action,may be respon-
sible for the reduction in the “standing-stock” of marine debris at this
beach. An exception to this tendency was verified for category glass
(higher accumulation in PC than in PP). This may be related to beach
pebble dynamics, which, according to Kuo and Huang (2014) can
cause glass fragments to become retained and embedded in cracks be-
tween rocks. In turn, glasses are released back to the sand after propi-
tious swell events. Furthermore, nearby coastal and/or recreational
activities (e.g. in this case, municipal park, road) may also promote
higher amounts of glass items (Kuo and Huang, 2014).

Our results suggest that February is the most outstanding month of
the survey period, since a particular set of meteorological conditions
might have positively affected the amount of washed-up debris at
both study areas. Apparently, wind and swell directions from the west-
ern quadrant in combination with the highest recorded wind speeds
and swells, both influenced the accumulation of debris for these specific
Fig. 4.Mean abundance of plastic fragmentswith corresponding standard error (M±SE), record
α=0.05). Columns with different letters point significantly differentmeans of plastic fragmen
differences of plastic fragments mean abundance; between months.
shorelines. Nevertheless, it is important to note that these abundance
peaksmay not only be related to weather conditions that occurred dur-
ing February, but also due to earlier events (e.g. heavy rains or other
forcing mechanisms not identified) that were subsequently reflected
in these peaks (Topçu et al., 2013).

Although it is crucial to compare results of waste concentrations in
diverse coastal areas so it can be understood how pollution impacts
the environment, this is still a fragile point of discussion among re-
searchers. In fact, study areas are influenced not only by different
human population densities but also, by local hydrography and geology,
combined with meso to large scale ocean and atmospheric dynamics.
Furthermore, many methodologies for sampling marine debris are still
non-standardized (e.g. different size classes of debris, survey intervals)
(Eriksson et al., 2013; Smith andMarkic, 2013; Topçu et al., 2013). In ad-
dition, scientific knowledge regarding marine debris dynamics in re-
mote oceanic islands (i.e. Atlantic, Pacific, Indian and Southern
Oceans) is scarce (Barnes, 2005), hindering the comparison of results.
In this case, we compared our results with studies that used similar
methodologies to obtain debris densities. Porto Pim and Conceição ap-
pear to be less polluted than beaches in: Bootless Bay, Papua, New
Guinea (15.3 items m−2; Topçu et al., 2013); Santa Catarina, Brazil
(4.98 itemsm−2;Widmer andHennemann, 2010); Chile (1.8 itemsm2;
Bravo et al., 2009); and Slovenia (1.51 items m2; Laglbauer et al., 2014),
butmore polluted than beaches in: Northern Taiwan (0.149 itemsm−2;
Kuo and Huang, 2014); Rio de Janeiro, Brazil (0.13 itemsm−2; Oigman-
ed for both beaches during sixmonths (for a 95% level of confidence (α), two-way ANOVA,
t abundances, betweenmonths. The absence of letters means that there were no statistical



Fig. 5.Meanwind speed (knots) and swell height (m) for Horta (Faial Island) and general debriswith corresponding standard error (M±SE), recorded for both beaches during sixmonths.
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Pszczol and Creed, 2007); Curaçao, West-Indies (0.0 items m−2;
Nagelkerken et al., 2001); and South China Sea (0.0032 items m−2;
Zhou et al., 2011).

4.2. Indicator items as source tracers

This studyprovidesfirst insights about coastalmarine pollution in the
Azores Archipelago. Hence, we decided to relate particular items (i.e. in-
dicator items) to specific user-groups and potential sources, and consid-
ered three major factors: identity, function and quantity (Williams et al.,
2003). We adopted a conservative approach, in which only the same in-
dicator items as those presented by Ribic et al. (2011) were considered.
Our results showed that the majority of debris (7.47%) might derive
from ocean-based sources, which is likely due to mean large and meso-
scale dynamics that affect the study areas, in addition to possible fishery
activity inputs (e.g. loss and dumping of fishing gear) (Laglbauer et al.,
2014) that occur throughout the North Atlantic Ocean. Jang et al.
(2014) findings showed that 56% of beached debris derives from ocean
sources while the other 44% originates from land sources. Their explana-
tion for this phenomenon is thatmore debris originates from the ocean if
the recycling rate is lower in this environment than on land. In our case,
merely 0.42%of debris demonstrated a land-basedorigin, a condition that
may be explained firstly by a lower population density of the study area
(Faial Island has a total of about 15,000 residents, where the urban par-
ishes where Porto Pim and Conceição's beaches are located have about
3000 and 1000 inhabitants, respectively) in comparison to other study
areas (e.g. South China Sea: 95% of debris had land-based sources) (Kuo
and Huang, 2014) and secondly by the inexistence of large industries.
Waste, defined as having a general source, represented around 2.07%,
meaning that these disposable and beverage related debris could have
many other possible fonts (Topçu et al., 2013). The definition of indicator
items for specific study areas is a difficult task, since beach locations have
innumerous types ofwaste that can derive fromseveral potential sources
(Topçu et al., 2013). It is also likely that the debris that was classified in
this study as such, might be under-represented in the data (Smith
et al., 2014). An example for this case is the huge amount of plastic frag-
ments that were present in this research. Although we did not include
this subcategory as an indicator item, plastic fragments have been de-
fined among researchers as deriving from land, being carried by hydro-
physical vectors (e.g. rivers, storm drains, alongshore currents) into the
ocean (Lee and Sanders, 2014). Here, objects are subjected to fragmenta-
tion and erosion processes, raising the proportion of fragments among
the total marine debris and creating innumerable amounts of debris
(Andrady, 2011) that are dispersed and can even reach remote areas in
large quantities. Thereby, we suggest that source-related debris should
be more focused in future studies, so that a more reliable knowledge
about the large scale and local pollution inputs in this region can be
achieved.
The continuous monitoring of marine debris is a fundamental re-
search topic that provides novel insights about the magnitude and ten-
dency of waste contamination on beaches worldwide. Beyond that,
marine waste is one of the eleven prioritizing topics to be investigated
in order to reach a “Good Environmental Status”, defined by the
European Commission in the Marine Strategy Framework Directive
(Descriptor 10; MSFD/2008/56/EC). Research realized in strategic
areas like the Azores fills information gaps in terms of large scale circu-
lation and accumulation of debris in the northeast Atlantic Ocean. It is
through continued field surveys that we are able to realise trends in
waste variety and abundance, allowing us to identify possible hot spot
areas and implement mitigation strategies (e.g. more directed clean-
up actions, minimizing local pollution inputs), that diminish anthropo-
genic actions.
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