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A B S T R A C T   

Floating marine debris (FMD) were abundantly reported in the Northern Chilean Patagonia in 2009 where sea- 
based activities (mussel and salmon aquaculture) are responsible for most of them. Identifying the sources of 
FMD is important to take the necessary actions to diminish their abundance. In 2019 eleven transects were 
opportunistically conducted to evaluate the abundance, spatial distribution and composition of FMD in the same 
area, and to compare them with the previous study using the same methodology. FMD identified were classified 
into the same six categories from the previous study, however “Others” category were now the dominant one 
indicating that new pollutants have been increasing during the last decade. Inside the “others” category, plastics 
buoy and other floating devices, that normally are used by the salmon aquaculture, were the main items. 
Similarly than the previous study, styrofoam and domestic plastics were also the other most abundant items. In 
general, also, an increase in abundance compared with the previous study was found. The highest abundances 
were similarly found in the “Golfo de Corcovado” zone ranging from 50 to 230 items km− 2. Our results, as well as 
the previous study, confirm that sea-based activities are still responsible for the FMD found in the Northern 
Patagonia. To avoid the origin of this contamination it is urgent to implement public policies that effectively 
reduce FMD, and hold the aquaculture industries responsible.   

1. Introduction 

Solid waste material that enters the marine environment from any 
source is defined as marine debris (Coe and Rogers, 1997). Marine debris 
that remain afloat for extended periods are normally considered 
Floating Marine Debris (FMD). Little is known about the temporal 
variability of FMD. However, it can provide information on whether the 
public policies that are being created and implemented are effectively 
reducing FMD. 

Plastic pollution has become a transboundary problem that impacts 
large areas of the oceans where, nowadays, plastic occurrence is com-
mon (NOAA, 2019). The presence of FMD has been reported in several 
oceanic and coastal waters, such as the South Pacific subtropical gyre 
(Martinez et al., 2009), in Baltic Sea (Rothäusler et al., 2019), in the 
China Sea (Zhou et al., 2016), in waters of the Mexican Central Pacific 
(Díaz-Torres et al., 2017), continental Portuguese waters (Sá et al., 
2016), in African waters (Ryan et al., 2014), in the North-Western 
Mediterranean region (Ourmieres et al., 2018), and in Chile (Thiel 
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et al., 2003; Hinojosa and Thiel, 2009; Hinojosa et al., 2011). Therefore 
the interest of FMD has increased during the last two decades (Gregory 
and Andrady, 2003; Ivar do Sul and Costa, 2007). Although it has been 
considered as a pollution and global environmental threat (Gregory and 
Andrady, 2003; Ivar do Sul and Costa, 2007; Avio et al., 2017) there are 
not many studies reporting temporal trends of their abundances. 

FMD has such high presence and persistence in the ocean due to the 
buoyancy and low degradation rates, in consequence these items have a 
long range hydrosphere transport and can float for extended periods of 
time, from weeks to months (Coe and Rogers, 1997; Thiel et al., 2003; 
Williams et al., 2005; Law et al., 2010; Gewert et al., 2015; Lohmann, 
2017). Objects with a large surface area above the water are highly 
buoyant and are moved by winds usually ending up on local shores (e.g. 
Hinojosa et al., 2011). These items are trapped close to the sources, in 
coastal waters where rivers and other human activities accumulate large 
quantities of plastic litter (Hinojosa and Thiel, 2009; Rech et al., 2014, 
2015; Di-Méglio and Campana, 2017). On the other hand, less buoyant 
FMD (70–90% of their surface are under water) are probably more 
directly affected by surface currents and transported to the principal 
ocean current systems (Kubota, 1994; Shiomoto and Kameda, 2005; 
Hinojosa et al., 2011). 

Most of FMD are composed of plastic (Hinojosa and Thiel, 2009; 
Ryan et al., 2014; Sá et al., 2016; Díaz-Torres et al., 2017; Rothäusler 
et al., 2019). Potentially explained by plastic playing an essential role in 
the improvement of the quality of human life due to its relatively low 
cost of production and easy accessibility (Gómez et al., 2020). During 
the last century, plastic production has increased dramatically (Jambeck 
et al., 2015) on account of its moldable features and inexhaustible ap-
plications. The Global plastic production increase, reaching up to 360 
million tons (PlasticsEurope, 2019), is associated with a global increase 
of plastic resin production of 620% in the last 40 years (Jambeck et al., 
2015). 

The ocean is the final sink for a number of plastic materials (Derraik, 
2002; Monteiro et al., 2018; Jambeck et al., 2015). These marine debris 
reach the ocean through several pathways like riverine systems, coast-
lines (GESAMP, 2016), wastewater outflows (Jambeck et al., 2015), 
directly at sea from ships and/or offshore installations (Williams et al., 
2005), vessels and platforms (GESAMP, 2016) or sea based aquaculture 
operations (Hinojosa and Thiel, 2009). Furthermore, different agree-
ments and commitments have been developed to reduce the plastic in 
the environment such Addressing Single Use Plastic Products Pollution 
(Resolution EA.4/L9) (United Nations Environment Assembly, 2019a), 
the United Nations Environment Assembly Resolutions Marine Litter 
and Microplastics (United Nations Environment Assembly, 2019b), Goal 
14.1 of the United Nations Sustainable Development Goals (United 
Nations, 2018) and Basel Convention (UN Environment Programme, 
1995). 

In recent decades, Chile has experienced an exponential increase in 
the aquaculture industry, for example, with an annual production of 
over 700 thousand tonnes of farmed salmon (Avendaño-Herrera, 2018). 
The fishing and aquaculture activities are highly concentrated in 
Northern Chilean Patagonian (Chiloé) areas, with a total of 2232 con-
cessions for aquaculture concentrated on the eastern coast of Chiloé. 
These heavy assemblages are due to the region’s classification by SUB-
PESCA as “Appropriate Area for the exercise of Aquaculture (AAA)” 
(CET (Centro de Educación y Tecnología)., 2011; SERNAPESCA, 2014, 
Sernapesca 2019). In particular, in the Internal Sea of Chiloé and Chonos 
Archipelago, an explosive development of aquaculture, especially with 
salmon and mussel productivity has occurred. Now Chile is one of the 
main countries of aquaculture production (FAO, 2016; Valladão et al., 
2018; Díaz et al., 2019). Hinojosa and Thiel (2009) conducted in ex-
peditions in Northern Patagonia between 2002 and 2005 and found 
higher abundances of FMD compared with other studies of the time. 
They found that the majority of the FMD was composed of Styrofoam 
(expanded polystyrene), which was used as a flotation device by mussels 
farms, and food sacks that were extensively used by salmon farms during 

that time. Despite this study being very conclusive regarding the FMD 
origins, no big actions to control their production have ever been taken. 
Therefore, new studies are needed to evaluate if the problem still per-
sists, and if other types of FMD have been coming into the area. 

Accordingly, the aims of this study are i) evaluate the abundance, 
spatial distribution and composition of FMD in Northern Chilean Pata-
gonia (42–44◦S), specifically in Internal Sea of Chiloé and Los Chonos 
Archipelago and ii) to compare the obtained results within the previous 
works carried out ~15 years ago in the same geographic region by 
Hinojosa and Thiel (2009), 

2. Materials and methods 

2.1. Sampling area and sampling methodology 

This study was conducted in Northern Chilean Patagonia (42–44◦S) 
in April of 2019 as part of the Plastic Oceans International and Haka 
Honu expedition team. We opportunistically surveyed floating marine 
debris (FMD) during 12 days in the Internal Sea of Chiloé and Los 
Chonos Archipelago following the same methodology conducted by 
Hinojosa and Thiel (2009) (Fig. 1). 

During daytime navigation, a skilled observer surveyed the sea sur-
face from the bridge of the Tiffara research vessel (3.5 m above sea level, 
yacht velocity ~ 9 knots). Using a handheld GPS, the observer recorded 
all FMD (size, type, and number) on one side of the yacht, taking notes of 
their position (longitude and latitude) and distance to the vessel. Where 
the observations of FMD in the water began and ended was denoted 
“transect number” (Table 1). The distance of FMD to the vessel was 
estimated using known distances (e.g. width or length of vessel). In 
order to estimate the abundance of FMD, we used the strip transect 
method, which is based on the number of items seen and the width and 
transect length. Abundance of FMD (D) was calculated using the 
following equation (Hinojosa and Thiel, 2009): 

D =
N

W
1000 L  

where N is the number of items of FMD, W the distance perpendicular to 
the transect (in meters), and L the total length (in km) of the transect. 
Herein, as well were used by Hinojosa and Thiel (2009), we have used a 
conservative measure and only considered a transect width (W) of 20 m 
from the vessel. Applying this conservative measure we ensured that the 
abundance of floating items is not underestimated due to overlooked 
items. 

2.2. FMD identification and classification 

The observed FMD were classified into the same six categories 
identified by Hinojosa and Thiel (2009) (Table 1): a) Styrofoam 
(expanded polystyrene, particles of 20–100 cm diameter); b) domestic 
plastics (5–20 cm); c) plastic bags (typical plastic grocery bags) (2–20 
cm); d) fishing lines (commonly used in the aquaculture and fisheries 
industry) (30–500 cm); e) wood tables (wood boards used for con-
struction or transport crates) (20–500 cm); f) and others. The “others” 
category in this study included plastics buoys (50–200 cm), square floats 
(50–300 cm) (both commonly used in the aquaculture industry), other 
items (e.g. tetra pack) and fragments of various non-identified items. 
This was following the previous methodology published in Hinojosa and 
Thiel (2009) in order to compare any differences in the FMD over time. 
However, in this study, plastic bottles were included in to the “domestic 
plastics” category. In order to compare the spatio-temporal distribution 
of FMD, the same smaller geographic units selected by Hinojosa and 
Thiel (2009) were used (sectors, see right side of Fig. 2). Each 
geographic subdivision was based on predominant salinities and ba-
thymetry (Silva and Palma, 2006). The sectors of the gulfs and islands in 
the northern region and the channels in the southern region are 
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