
Contents lists available at ScienceDirect

Marine Environmental Research

journal homepage: www.elsevier.com/locate/marenvrev

Distribution and composition of floating macro litter off the Azores
archipelago and Madeira (NE Atlantic) using opportunistic surveys

Philippine Chambaulta,b,∗, Frederic Vandeperrea,b,c, Miguel Machetea,b, João Carvalho Lagoaa,b,
Christopher Kim Phama,b,c

a IMAR, Instituto do Mar, Departamento de Oceanografia e Pescas, Universidade dos Açores, 9901-862, Horta, Portugal
bOKEANOS, Universidade dos Açores, Departamento de Oceanografia e Pescas, 9901-862, Horta, Portugal
cMARE, Marine and Environmental Sciences Centre, Universidade dos Açores, 9901-862, Horta, Portugal

A R T I C L E I N F O

Keywords:
Floating debris
Marine litter
North Atlantic
Macro plastic

A B S T R A C T

The distribution and composition of macro litter floating around oceanic islands is poorly known, especially in
the North Atlantic. Due to its isolated location at the fringe of the North Atlantic subtropical gyre, the Azores
archipelago has recently been proposed as a potential retention zone for floating litter. To further investigate this
assumption, opportunistic surveys from pole-and-line tuna fishing boats were performed from 2015 to 2017 to
document (1) the distribution and (2) the composition of the floating macro litter present off the Azores and
Madeira islands. Among the 2406 visual transects, 482 floating debris were recorded and were mainly composed
of general plastic user items (48%), plastic packaging (21%) and derelict fishing gears (18%). Average number of
debris per transect was 0.19 ± 0.5, with a total number ranging between 0 and 5 items per transect. For the
majority of transects (84%), no debris was observed, 13% of the transects contained a single item, and only 3%
contained more than one item. Although debris between 2.5 and 5 cm were recorded, 93% of the debris were
larger than 5 cm. The GLMs showed strong effect of the observer (p < 0.001) and the standardized densities
accounting for the observer bias were higher (1.39 ± 0.14 items.km-2) than the observed densities
(0.78 ± 0.07 items.km−2). Debris densities were however relatively low and tended to aggregate around the
Central group of the Azores (standardized mean: 0.90 ± 0.20 items.km−2). Our findings therefore suggest that
most of the debris might originate from far away land-based sources and from fishing activities. This study
highlights the potential of fisheries observer programs to obtain cost-effective information on floating macro
debris that are essential to support the implementation of the European Marine Strategy Framework Directive.

1. Introduction

In response to the increasing number of anthropogenic stressors that
jeopardize ocean resources and health, the European Union adopted in
2008 the European Marine Strategy Framework Directive (MSFD,
2008/56/EC). This directive aims to achieve a Good Environmental
Status (GES) of the EU's marine waters by 2020. Among the 11 de-
scriptors listed in the Annex I of the MSFD for determining the GES,
descriptor 10 refers to “Marine litter”. Marine litter is defined by the
United Nations Environment Program (UNEP) as “any persistent,
manufactured or processed solid material discarded, disposed of or
abandoned in the marine and coastal environment” (UNEP, 2009).
Plastic accounts for the majority of the debris found in the oceans
(Derraik, 2002). It is estimated that between 4.8 and 12.7 million
metric tons of plastic waste entered the ocean in 2010 (Jambeck et al.,

2015). Although the majority of marine debris eventually sink to the
seafloor or are washed up on the coastal zone, most debris will first
float at the sea surface, being transported over long distances by winds
and ocean currents (Galgani et al., 2015).

Over the past 10 years, a large number of studies have investigated
the distribution and abundance of floating macro litter in the
Mediterranean Sea (Aliani et al., 2003; Arcangeli et al., 2018; Darmon
et al., 2017; Deudero and Alomar, 2015; Di-Méglio and Campana, 2017;
Suaria and Aliani, 2014), the Pacific Ocean (Hinojosa and Thiel, 2009;
Pichel et al., 2012, 2007; Titmus and David Hyrenbach, 2011), and in
the Atlantic Ocean (Barnes and Milner, 2005; Ryan, 2014; Sá et al.,
2016). Despite the few studies conducted in the different oceanic ba-
sins, the distribution and composition of macro litter remains poorly
described in remote areas such as oceanic islands.

The advances in numerical modeling enabled to counterbalance this
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lack of in situ observations in some locations by simulating the dispersal
of particles (i.e. floating micro and macro debris) in the ocean using
oceanic circulation models. Such studies have provided useful in-
formation on the transport, accumulation zones and potential origins of
debris at different scales (Hardesty et al., 2017; Lebreton et al., 2018,
2012; Mansui et al., 2015; Martinez et al., 2009; Maximenko et al.,
2012; van Sebille et al., 2015, 2012), confirming therefore the high
proportion of debris, particularly microplastics, that accumulate in
subtropical gyres.

Due to its isolated location at the fringe of the North Atlantic sub-
tropical gyre (1400 km west of Europe and 2000 km east of North
America) and its complex oceanographic structures (Gould, 1985; Kase,
1996; Kielmann and Käse, 1987; Klein and Siedler, 1989; Sy, 1988), the
Azores archipelago has recently been proposed as a potential retention
zone for floating particles (Sala et al., 2016). The Azores are also known
to be a biodiversity hotspot (Santos et al., 1996), hosting a large
number of marine megafauna species such as cetaceans (e.g. Clua and
Grosvalet, 2001; Hartman et al., 2008; Magalhães et al., 2002; Silva,
2007; Silva et al., 2014; Steiner et al., 2008), seabirds (e.g. Monteiro
et al., 1999, 1996), fishes (e.g. Thorrold et al., 2014; Vandeperre et al.,
2014a, 2014b) and sea turtles (Bolten et al., 1998; Santos et al., 2008).
Such mobile species may be injured by marine debris, either via en-
tanglement or via direct ingestion, and a few studies conducted in the
Azores along with anecdotal information have already documented
such interactions (Barreiros and Raykov, 2014; Frick et al., 2009; Pham
et al., 2017). In order to adequately assess the risk for Azorean biodi-
versity, information on the spatio-temporal distribution of floating
debris around the Azores is necessary.

The present study aims therefore to investigate (1) the distribution
and (2) the composition of the floating macro litter (> 2.5 cm, MSFD
Technical Subgroup on Marine Litter, 2013) presents around the Azores
and Madeira. During three years (2015–2017), opportunistic surveys
from pole-and-line tuna fishing boats were performed in the Azores
archipelago and off Madeira. Based on Sala et al. (2016), the study
region was divided into five groups (Western, Central, Eastern, Madeira
and offshore) in order to compare the debris densities between the is-
lands that should be associated with different retention times.

2. Materials and methods

2.1. Data collection

Under the Azorean Fisheries Observer Program (POPA; www.
popaobserver.org), standardized opportunistic surveys from pole-and-
line tuna fishing boats were performed between 2015 and 2017 in the
Azores archipelago and off Madeira (Fig. 1). The fishing activity occurs
mostly between May and November, limiting our observations mostly
during spring and summer. The data consist of 10min visual transects
which were performed up to 6 times a day (every 2 h, i.e. 09:30; 11:30;
13:30; 15:30; 17:30; 19:30), at a speed between 8 and 10 knots.
Transects have no predetermined track and are only performed when
the vessels are travelling or searching for tuna, and when weather
conditions are favorable (i.e. Beaufort Sea state< 6). The start and end
positions of each transect were also recorded, along with the visibility
(bad, medium, good and very good), the glare, the Beaufort Sea state,
the observer (n=27) and the boat (n=18).

The floating macro debris> 2.5 cm (MSFD Technical Subgroup on
Marine Litter, 2013) were recorded from the flying bridge by one ob-
server looking at each side of the vessel, approximately 8m above sea
level, within a 50m observation strip on each side (i.e. a fixed-width
strip transect of 100m). Each sighting was differentiated between a
single item or a patch of aggregated items (when impossible to be
discriminated for obtaining individual counts). The identification and
categorization of items was adapted from the MSFD master list
(Directive, 2013). Plastic items were divided into packaging (bottles
and containers, lids and lid-rings, bags and food wrapping, etc.),

fishery-related plastic (ropes and nets, floats, and other fishing gear),
general plastic user items (designed for repeated use, including frag-
ments, rubber, unlike packaging). Non-plastic items were divided by
type of material (metal, glass and paper). Two additional categories
were created for clothing and unknown items. Size classes for each
sighting was also recorded as follows: 2.5–5 cm, 5–15 cm, 15–30 cm,
30–60 cm and>60 cm.

2.2. Statistical analysis

All statistical analyses were performed using R software version
3.5.0 (R Core Team, 2018). To assess the effect of temporal, spatial,
operational and sea state variables on debris density, a series of Gen-
eralized Linear Models (GLMs) was performed using the MASS package
on R. The response variable was the number of debris counts sighted
per transect. We employed a Negative Binomial error distribution, as
such distribution can provide good fits when dealing with over-dis-
persed count data (Lindén and Mäntyniemi, 2011). Three potential
predictors related to the sea state were used: glare, visibility and
beaufort. Temporal and spatial variables such as year, month and
group, as well as the operational variable “observer” were also added to
the model. The sampling effort expressed in km was included as an
offset. The models with all possible combinations were compared using
the Akaike Information Criterion (AIC) and the model associated with
the lowest AIC was retained. Finally, observed densities were corrected
for the observer effect using the estimates derived from the selected
model to obtain a standardized density estimate.

2.3. Spatial analysis

The debris density was first calculated for each transect: D N
w L=

∗

,
where N is the total number of marine debris counts recorded in each
transect, w the strip width (100m) and L the survey effort (in km).
Based on the geographical extent of the study region (from 30 to 41 °N
and from 33° to 15°W), we then defined a grid of 0.1× 0.1 decimal
degree (∼10 km2) from which the debris densities were aggregated
(the survey effort and the number of items) for the three years together.
Finally, density maps were calculated based on the average densities of
each transect per 0.1° grid cell.

Following Sala et al.’s (2016) stratification, the study area was then
divided into five groups: the Western group (composed of Flores and
Corvo Islands), the Central group (Faial, Pico, São Jorge, Graciosa and
Terceira Islands), the Eastern group (São Miguel and Santa Maria Is-
lands), Madeira and Offshore (Fig. 1). The average densities of the
macro debris were finally calculated for each of the five groups over the
three years together.

The observed debris positions were used to estimate the kernel
density of marine litter off the Azores and Madeira. A kernel density
analysis was performed by combining the three years of sampling using
the kernelUD function from adehabitatHR package on R (Calenge, 2006)
and the least square cross-validation method (Seaman and Powell,
1998) to find the optimal smoothing parameter. The corresponding
area expressed in km2 was then calculated within each kernel contour.

3. Results

3.1. Survey effort and number of debris per transect

Over the entire sampling period (from 2015 to 2017), a total of
2406 transects were performed. The annual number of transects re-
corded varied from 92 in 2016 to 1530 in 2017. The total survey time
was 401 h for a survey area of 651 km2 (Table 1). The sampling effort
was heterogeneous among years, with a higher effort performed in
2017 (4013.9 km and 255 h), and a minimum effort in 2016 (377.1 km
and 15.3 h). Between 2015 and 2017, a total of 482 floating debris were
recorded, with a minimum of 115 in 2016 and a maximum of 227 in
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2017. The number of debris per transect varied between 0 and 5 items,
reaching on average 0.19 ± 0.5 items per transect. For the majority of
transects (84%), no debris was observed. Thirteen percent of the
transects contained one item, and only 3% contained more than one
item. Throughout the sightings, 90% (n=433) were classified as single
items whilst only 10% (n=48) were observed as aggregates, and
therefore, impossible to enumerate.

3.2. Composition and size

In terms of debris composition, three categories dominated and
accounted for 87% of the sightings: general plastic, plastic packaging
and fishing gear (Fig. 2a). General plastic accounted for 48% of the
macro debris sighted, plastic packaging represented 21% and fishing
gear 18% of the debris recorded. Although debris 2.5–5 cm were re-
corded, 93% of the debris were larger than 5 cm (Fig. 2b).

3.3. Debris’ density

The observed debris density per transect ranged between 0.16 and
123.4 items.km−2 and was on average (mean± SE) 0.78 ± 0.07
items.km−2 (Table 1). Glare, visibility and group were not selected in
the best model but rather observer, Beaufort, month and year which
had a significant effect on debris’ density (Table 3). The most significant
variables were the Beaufort state (p < 0.001) and the observer
(p < 0.001). The standardized density when taking into account the
observer bias was globally higher than the observed density
(1.39 ± 0.14 items.km−2) (See Table 1).

3.4. Temporal variability

Both observed and standardized densities were higher in 2016
(5.03 ± 0.81 and 17.91 ± 2.99 items.km−2) compared to 2015
(0.59 ± 0.05 and 1.39 ± 0.14 items.km−2), and it differed sig-
nificantly among years (GLM: p < 0.05, Table 2). With the exception
of October and November, the proportion of debris types was similar
between the different months, typically dominated by general plastic,
followed by plastic packaging and then by fishing gear (Fig. 3a). During
autumn (October and November), only debris larger than 15 cm were
sighted (Fig. 3b). Debris smaller than 5 cm were recorded only in spring
and summer (April to August), and in larger proportion in April, re-
presenting 50% of the observations. Debris density also differed sig-
nificantly according to months (GLM: p < 0.005, Table 2), being
maximum from April to July and minimum from August to October
(Fig. 4a).

3.5. Spatial variability

The sampling was performed in function of the fishing activity and
was therefore patchily distributed over the study region, being con-
centrated in the Central group (mostly around Faial and east of Pico)
and covering 3002.1 km (Table 3, Figs. 4b and 5a). The total area
sampled was lower in the Western group (16.3 km2) and maximum in
the Central group (300.2 km2). The total number of marine debris
sighted ranged from 6 in the Western group to 262 items in the Central
group (Table 3 and Fig. 5b).

From 2015 to 2017, the distribution of the standardized density was
heterogeneous over the study area (Fig. 5c). The observed density per
transect was relatively low for all groups, ranging from (mean ± SE)
0.49 ± 0.12 items.km−2 in Madeira group to (mean ± SE)

Fig. 1. Study area of the Azores and Madeira located
in the North-East Atlantic Ocean (red box). The boxes
refer to the four groups identified: Western, Central,
Eastern and Madeira, and the names of the islands are
indicated in italic. (For interpretation of the refer-
ences to colour in this figure legend, the reader is
referred to the Web version of this article.)

Table 1
Summary of the survey effort (number of transects, time, distance and area), number of marine debris sighted and average density for each year. Values of the debris
densities are means ± SE.

Year Effort (N transects) Effort time
(hours)

Effort in distance
(km)

Effort area
(km2)

N debris
(N items)

Observed density
(N items.km−2)

Standardized density (N items.km−2)

2015 784 130.6 2119.4 211.9 140 0.59 ± 0.05 1.39 ± 0.14
2016 92 15.3 377.1 37.7 115 5.03 ± 0.81 17.91 ± 2.99
2017 1530 255 4013.9 401.4 227 0.62 ± 0.09 0.40 ± 0.05

2406 401 6510 651 482 0.78 ± 0.07 1.39 ± 0.14
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0.95 ± 0.13 items.km−2 in the Central group (Table 3 Fig. 4b and
Fig. 5c). However, the group had no significant effect on the debris
density as this variable was not retained in the best model. The stan-
dardized densities were higher than the observed densities for all
groups but similar trends among groups were observed (Fig. 4b and
Table 3).

The kernel density contours are presented in Fig. 6 and indicate a
higher number of floating debris in the Central and Eastern groups. The
area of debris aggregation as indicated by the 10% kernel contours
covers an area of 2357 km2 and was concentrated in the Central group,
west of Pico Island.

4. Discussion

This is the first study investigating the distribution and composition
of floating macro debris off the Azores and Madeira islands. Due to the
location of the Azores at the fringe of the North Atlantic subtropical
gyre, which is known to be an accumulation zone for floating debris
(Cózar et al., 2014), our study confirms the presence of macro debris in
this area, mostly composed of plastics.

Among the 2406 visual surveys that were conducted, 482 floating
debris were recorded, of which 69% were plastics. The dominance of
plastic items (69%) is in accordance with many studies investigating the
abundance and composition of floating litter worldwide (Barnes and
Milner, 2005; Bergmann et al., 2016; Ryan, 2014, 2013; Ryan et al.,
2014; Sá et al., 2016; Suaria and Aliani, 2014). Beach sampling con-
ducted locally in Faial Island in the Azores also confirmed the dom-
inance of plastic debris (2–30 cm) in this area (Pieper et al., 2015; Ríos
et al., 2018). It is well established that the presence of such plastics in
the marine environment pose a significant threat to marine megafauna
via entanglement (Laist, 1997) or direct ingestion (Robards et al., 1997;
Ryan, 2015). Some studies conducted in the Azores have already pro-
vided evidence of negative interaction between plastic debris and log-
gerhead turtles (Barreiros and Raykov, 2014; Frick et al., 2009; Pham
et al., 2017), and it is likely that other marine animals are being af-
fected by these floating debris. Our study and monitoring program

Fig. 2. Histograms of the (a) type and (b) size of the macro marine debris sighted during the three years of sampling.

Table 3
Summary of the survey effort (in km), the area covered, the total number of
debris sighted and the average debris density (N items.km−2) for each group.
Values of the debris densities are means ± SE.

Group Effort (km) Area
covered
(km2)

N debris Observed
density
(N items.km−2)

Standardized
density
(N items.km−2)

Western 162.8 16.3 6 0.49 ± 0.24 1.21 ± 0.63
Central 3002.1 300.2 262 0.95 ± 0.13 1.90 ± 0.20
Eastern 1312.7 131.3 72 0.65 ± 0.14 1.39 ± 0.48
Madeira 363.7 36.3 20 0.49 ± 0.12 0.27 ± 0.08
Offshore 1669.1 166.9 122 0.66 ± 0.09 0.79 ± 0.11

Table 2
Summary of the GLM relating the debris’ density to potential drivers, i.e. en-
vironmental conditions, seasonality and observer.

Variable df Deviance Residual deviance p value

Observer 26 337.61 1305.9 < 0.001
Beaufort 5 22.34 1283.6 < 0.001
Month 7 19.87 1263.7 < 0.005
Year 1 5.33 1258.4 < 0.05

Fig. 3. Histograms of the proportion of marine debris recorded monthly according to (a) the type and (b) the size of the debris (in cm) during the three years of
sampling.
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could therefore be beneficial in the future to identify the critical areas
of interactions between floating debris and marine megafauna species.
On the basis of previous studies conducted on sea turtles (Darmon et al.,
2017; Mrosovsky et al., 2009; Schuyler et al., 2015), cetaceans (Di-
Méglio and Campana, 2017) or seabirds (Wilcox et al., 2015), it would
be relevant to combine our results with information on the spatial
distribution of marine megafauna in the Azores in order to highlight the
areas of high exposure to plastics. Our results show higher number of
debris and higher densities close to the shore, particularly in the Central
group around Faial and Pico Islands. The Azores are recognized as a key
habitat for many species of cetacean, and particularly in the Central
group (Clua and Grosvalet, 2001; Silva et al., 2014). Given the high
density of plastic debris in this area, such species might therefore be
injured by the plastic floating on the sea surface, and in fact, every year,
entanglements are being reported by local whale watching operators
(e.g. TALASSA et al., 2010). Our findings reinforce therefore the need
for implementation of a monitoring program on the interactions

between marine megafauna and plastic debris off the Azores and Ma-
deira.

The average debris density was relatively low (mean ± SE:
0.78 ± 0.07 items.km−2, range: 0.16–123.4 items.km−2) compared to
densities estimated in offshore waters of mainland Portugal by Sá et al.,
2016 (mean: 2.98 items.km−2, range: 1.2–11.5 items.km−2) and by
Barnes and Milner (2005, range: 3–9 items.km−2). Although care
should be taken when comparing studies due to inherent differences in
methodology (e.g. distance samplings vs. strip transects; differences in
survey design, lower size detection limits, etc.), the densities found
around the Azores and Madeira were comparable to some studies done
in other oceanic locations. For example, in the North Pacific west off
Japan, Shiomoto and Kameda (2005) reported debris densities ranging
between 0.1 and 0.8 items.km−2 while maximum debris densities
documented West of Hawaii were 0.5 item. km−2 (Matsumura and
Nasu, 1997). In the Southern Ocean, Ryan et al. (2014) found similar
levels of floating debris (0.58 items. km−2). However, Ryan (2014)

Fig. 4. Debris density (mean ± SE) calculated for each (a)
month and for each (b) group between 2015 and 2017 for the
observed (red) and standardized values (blue). The numbers
at the top refer to the sample size, i.e. the number of transects
performed per group and per month. (For interpretation of
the references to colour in this figure legend, the reader is
referred to the Web version of this article.)

Fig. 5. Maps of the (a) survey effort (in km), (b) the total number of macro debris recorded (N items), (c) the mean standardized densities recorded during the three
years (N items.km−2), (d) in 2015 (N items.km−2), (e) in 2016 (N items.km−2) and (f) in 2017 (N items.km−2).The squares in each panel refer to the four groups.
The resolution of the six grids is 0.1×0.1 decimal degree (∼10 km2).

P. Chambault et al. Marine Environmental Research xxx (xxxx) xxx–xxx

5



found higher densities in the southeast Atlantic Ocean, both within the
South-Atlantic gyre (6.2 ± 1.3 items km-2) and adjacent oceanic wa-
ters (2.7 ± 0.3 items km-2) but also around the Tristan da Cunha island
(1.0 ± 0.4 items km-2).

The Azores and Madeira are located far from the large population
centers where most land-based debris originate. Lebreton et al. (2012)
highlighted that the main debris sources of the North Atlantic are the
Central and North American coasts (accounting for 64–66%), which are
located 2000 km west of the Azores. Given the long distance between
the Azores and the Central and North American coasts, the low debris
densities found in our study could be partly due to partial sinking to the
seafloor before reaching the region and/or their degradation into mi-
croplastics (that cannot be detected using our sampling technique) or to
accumulation elsewhere outside our study area, such as inside the gyre.
Similarly, in the South Atlantic Ocean, Ryan (2014) observed a de-
crease in macro debris density from coastal waters to oceanic waters.
Using beach surveys, Ríos et al. (2018) also confirmed the pre-
dominance of small plastic fragments on the coastline of the Azores as
opposed to large macro-debris, a finding that was in line with another
study showing a high abundance of microplastics around the archipe-
lago (Enders et al., 2015).

Unlike our findings, studies conducted on the seafloor revealed that
macro debris in the Azores archipelago are dominated by derelict
fishing gears, mainly longlines (Pham et al., 2014, 2013; Rodríguez and
Pham, 2017). The low contribution of fishing gears (18%) found
floating at the surface compared to plastic packaging and other general
plastic items (69%) may be partly due to the limited number of nets
used around the Azores. Indeed, another study conducted in the Great
Pacific Garbage Patch (in the North Pacific gyre), estimated that 86% of
the macro debris contribution was made up of fishing nets (Lebreton
et al., 2018). Similarly in the South Atlantic, Ryan (2014) estimated
that fishing items accounted for 44% of the debris in oceanic waters
which reinforces the low contribution of fishing gears around the
Azores and Madeira.

Lower densities were estimated in summer (standardized
mean ± SE: 1.2 ± 0.1 items.km−2) compared to spring (standardized
mean ± SE: 1.6 ± 0.2 items.km−2). Such variation may be related to
the seasonality of the Azores Current that narrows in summer and
moves farther south during this period (Klein and Siedler, 1989),
probably advecting debris outside the study region. Nevertheless, ver-
ifying the seasonality of marine debris in this region and investigating
how it is influenced by oceanographic processes will require longer
time series and conceivably an adapted monitoring design. Such
variability could also be partly explained by the observer bias (skills,
training, motivation, fatigue, etc.).

Besides this temporal variability, our findings also demonstrated
some spatial variability of debris density along the study area. Debris
densities were slightly higher (but not significantly) in the Central
group compared to the other areas, which is in accordance with a
previous study based on numerical simulations that highlighted an
accumulation of particles in the Central group (Sala et al., 2016). The
authors evidenced that the capture capacity of the islands and the re-
tention time was related to the size of the islands, explaining why this
area retained more particles and therefore more macro debris. As it had
been confirmed by our kernel analysis, further monitoring efforts could
therefore focus on the Central group, particularly west of Pico and Faial
Islands where most of the debris tend to accumulate. Located close to
shore, this area could serve as a good case-study area for long-term
monitoring of floating debris in the region.

Despite the lack of a standardized design, this study demonstrates
the utility of using fishing boats as a platform for monitoring floating
debris in response to the implementation of the MSFD. Although not
designed as a marine litter monitoring program, the “POPA” fisheries
observer program is a promising tool for obtaining long-term data on
the distribution, quantities and typology of floating marine debris
presents in the Azores archipelago and off Madeira. The three-year of
sampling covered a total area of 651 km2 of sea surface. Despite the
important sampling effort performed given the extended size of the
study region (1575 km W-E and over 1110 km N-S), sampling was
mostly concentrated close to the shores of the islands as a consequence
of the fishing activity of the pole-and-line boats with no predetermined
track.

To get information on the debris distribution more offshore, it
would be necessary to cover the entire Exclusive Economic Zones of the
Azores and Madeira, either by extending the observer program to other
fishing fleets or by implementing a new methodology based on dedi-
cated ship-based or aerial surveys using planes or unmanned aerial
vehicles (UAVs). Plane surveys enable to cover larger areas and are less
prone to changes in litter detectability (Lecke-Mitchell and Mullin,
1992; Pichel et al., 2007), but such technique prevents from detecting
small items and are far more costly than ship-based surveys. On the
other hand, UAVs provide a more cost-effective alternative for sur-
veying large areas close to the ground/sea surface (Koh and Wich,
2012), generating high resolution imagery allowing the detection of
small items by reducing errors in aerial estimation of wildlife popula-
tions (Hodgson et al., 2016; Rodríguez et al., 2012; Smith et al., 2016).
With the methodology employed in the present study (visual observa-
tions from fishing boats), macro debris of 5 cm could be sighted but the
majority (93%) were> 5 cm, suggesting a lower detectability for
smaller items. We therefore recommend performing simultaneously a
UAV survey together with the methodology used in this study to com-
pare both approaches and assess the detectability of small items from a
UAV. According to the results, if UAV is reliable, it could be used in the
near future to sample offshore areas and cover the entire EEZs of the
Azores and Madeira at reasonable costs.

Overall, the results of this study suggest that although located off
the North Atlantic Subtropical Gyre, the amount of floating macro-
debris around the Azores is lower compared to areas found closer to
continental shelves. Our results point out that most of the debris likely
originate from far away land-based sources and from fishing activities.
This study highlights the utility of fisheries observer programs to obtain
cost-effective information on macro debris floating around the Azores
and Madeira that are essential to support the implementation of the
MSFD.
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