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A B S T R A C T

This study represents an inter-institutional effort that was supported by more than 400 volunteers. We sampled
Anthropogenic Marine Debris (AMD) on 26 beaches, including one beach from Galapagos Islands. AMD was
mainly composed of plastics (> 60%), followed by cigarette butts, paper and metal. Average AMD density on the
continental beaches was 1.31 ± 1.03 items m−2 (mean ± SD). AMD densities and the proportion of plastics
were higher on some beaches located on the Gulf of Guayaquil, suggesting that many of the plastic items found
on these beaches were, likely, drifted by the swift currents of the Guayas River. Additionally, the overall results
indicate that most litter on continental beaches from Ecuador has local sources. Recommendations include
marine pollution education and public awareness campaigns to reduce the consumption of plastic bags, as well
as a ban on harmful single-use plastics.

Anthropogenic marine debris (AMD) is a growing problem in the
world's oceans (Galgani et al., 2015; Ostle et al., 2019). Marine litter,
primarily plastic pollution, can have serious and even deadly impacts
on marine life (Kühn et al., 2015), as well as negative effects on human
health and economy (Newman et al., 2015), and is therefore of great
concern to citizens and decision-makers. Supported by the growing
public awareness and based on available knowledge about the sources
and causes of marine litter, mitigation strategies are being designed in
many parts of the world (Hartley et al., 2018) to stop the ever-growing
plastic pollution of the oceans.

High densities of marine plastic litter have been reported in the

open ocean, coastal waters, and on shorelines of the Pacific Ocean
(Díaz-Torres et al., 2017). Studies from the North Pacific Ocean have
documented diverse types and variable densities of AMD on sandy
beaches, occasionally suggesting marine origins (Hong et al., 2014), but
often pointing at beach visitors as sources of marine litter (Silva-Iñiguez
and Fischer, 2003). With the exception of several studies from Chile
(e.g. Hidalgo-Ruz et al., 2018; Honorato-Zimmer et al., 2019), little
information about marine litter is available for the Central and
Southern Pacific Ocean. Those studies from Chile suggested that beach
visitors generate most AMD on beaches (Bravo et al., 2009; Hidalgo-Ruz
et al., 2018). In the South-East Pacific, coastal upwelling conditions

https://doi.org/10.1016/j.marpolbul.2020.111068
Received 4 September 2019; Received in revised form 10 March 2020; Accepted 10 March 2020

⁎ Corresponding author at: Instituto Nacional de Pesca, Proceso de Investigación de los Recursos Bioacuáticos y su Ambiente, Letamendi 102 y La Ría, P.O. Box 09-
0314, Guayaquil, Ecuador.

E-mail address: ngaibor@institutopesca.gob.ec (N. Gaibor).

Marine Pollution Bulletin 154 (2020) 111068

Available online 31 March 2020
0025-326X/ © 2020 Published by Elsevier Ltd.

T

http://www.sciencedirect.com/science/journal/0025326X
https://www.elsevier.com/locate/marpolbul
https://doi.org/10.1016/j.marpolbul.2020.111068
https://doi.org/10.1016/j.marpolbul.2020.111068
mailto:ngaibor@institutopesca.gob.ec
https://doi.org/10.1016/j.marpolbul.2020.111068
http://crossmark.crossref.org/dialog/?doi=10.1016/j.marpolbul.2020.111068&domain=pdf


associated with the Humboldt Current System facilitate the offshore
transport of floating marine debris, and consequently almost no AMD is
reaching the continental beaches from sea-based sources (Thiel et al.,
2018). A similar process occurs on the North-East Pacific coasts where
upwelling currents keep sea-based debris from reaching the shores,
resulting in a predominance of land-based debris on local beaches
(Ribic et al., 2012). Given the complex coastal circulation in the central
East Pacific (e.g. Collins et al., 2013), it can be expected that marine
debris might accumulate in certain areas, but not in others. In parti-
cular, the Ecuador Coastal Current, which has a north-northeastward
orientation (Collins et al., 2013), might concentrate sea-based AMD on
southern beaches of Ecuador.

For the central East Pacific, information about marine litter is lim-
ited. One study from northern-central Ecuador (1°S) had shown that
most marine debris trapped on subtidal reefs were plastic items origi-
nating from fishing activities (Figueroa-Pico et al., 2016). A more ex-
tensive study on beaches from continental Ecuador and Galapagos
suggested that a large proportion of this litter is coming from beach
users (Mestanza et al., 2019). While that study provided important first
hints that debris pollution is a serious problem in Ecuador, it focused on
the less densely populated Northern provinces. Furthermore, estimates
are presented as general cleanliness grades (four categories) and no
numerical data on the densities and composition of AMD are provided.

In the present study, we quantified AMD densities on 26 Ecuadorian
beaches and classified the main litter types in order to allow for a wider
comparison with other studies from the region and from other areas of
the world. The specific objectives were to (i) estimate AMD densities,
(ii) determine the composition of AMD, and (iii) infer the sources of
AMD on Ecuadorian beaches, based on the first two objectives.

This study represents a joint effort among governmental, academic
and non-governmental organizations from Ecuador (for institutions, see
Table 1). A coordination team was responsible for the selection of study
beaches, the public invitation to participate, the training of volunteers,
and their supervision in the field. All members of the coordination team
participated in a training workshop in September 2018, where they
learned the sampling method, and had the opportunity to apply and
explore the benefits and shortcomings of this method in comparison to
other marine litter sampling protocols.

More than 400 volunteers participated in this baseline study, dis-
tributed across the different beaches (Table 1). For the sampling of each
beach, a member of the coordination team introduced the corre-
sponding volunteer participants to the marine litter problem as well as
to the sampling methodology several days before performing the re-
search activity in the field. The samplings were conducted on 25 con-
tinental beaches, covering the northern, central and southern zones of
the Ecuadorian coast, and one beach in Galapagos. Sampling was done
between October and December 2018, corresponding to the dry season
in continental Ecuador.

The protocol employed by Ecuadorian institutions is based on the
methodology developed by the citizen science program “Científicos de
la Basura” (“Litter Scientists”; www.cientificosdelabasura.cl) and pre-
viously applied on Chilean, but also on Peruvian and German beaches
(Thiel et al., 2011; Hidalgo-Ruz et al., 2018; Honorato-Zimmer et al.,
2019). Transects were established on each beach, extending from the
waterline to the upper edge of the beach (e.g. the base of dunes, a road,
or a promenade). Along each transect, volunteers marked between four
and six sampling stations, and at each station they established a
3 m × 3 m (9 m2) quadrat. The width of the beach determined the
number of stations per transect. There were six stations on wider bea-
ches whereas the number of transect stations was reduced to four on
narrower beaches (for details see e.g. Honorato-Zimmer et al., 2019),
on most of the 26 studied beaches we sampled four or more transects,
and the minimum number of transects was two (see also Table S1).

Within each 9 m2 quadrat, macro litter items (≥25 mm) were col-
lected from the beach surface, and classified and quantified into the
following categories: plastics, papers, metal, glass, cigarette butts, and
others. At the end of the sampling process, a member of the coordina-
tion team checked the data sheets, entered all the data into a single
spread sheet, and finally sent the file to the central data management
person. All sampled AMD was taken from the beach and deposited ei-
ther in recycling or litter bins.

To compare AMD composition along the sampled beaches the main
litter categories were evaluated using an agglomerative nesting analysis
(hierarchical cluster) with Euclidean distances, in terms of percentage
(%) of the total AMD per beach. In addition, a Principal Component
Analysis (PCA) was performed to describe each of the groups found in
the cluster. The density of litter (items m−2) was calculated and eval-
uated to obtain comparable measures of the magnitude of this problem
on different sandy beaches of the coast of Ecuador. Statistical com-
puting and graphics were done using the R 3.6.0 software.

Litter was found on all sampled beaches, but the density (items
m−2) of AMD was highly variable along the continental coast of
Ecuador (Fig. 1). A total of 288 (40.6%) of all 710 sampling quadrats
had no AMD. The two mainland beaches with the highest percentage of
sampling quadrats without AMD were Los Frailes (84%) and Playa
Bahia Muyuyo (79%), which are located in a marine protected area and
in a very remote area, respectively. The only sampled beach in Gala-
pagos also had a high percentage of sampling quadrats without AMD
(82%). Beaches with high AMD densities were mostly found in the
southern parts of the study area (with the exception of the northern-
most beach Las Palmas). Highest densities in single sampling quadrats
(above 10 items m−2) were found on beaches of the Gulf of Guayaquil
(Playa Delfín, Playa Varadero, Anconcito, Isla Puná, La Diáblica; Fig. 1).
The national average of AMD densities for continental beaches was
1.31 ± 1.03 items m−2 (mean ± SD).

Plastics were among the most common litter items (food containers,

Table 1
Institutions and numbers of volunteers participating in the first national sampling of anthropogenic marine debris (AMD) on sandy beaches of Ecuador.

Institution No. of participants No. of beaches Sampled beaches⁎

Instituto Nacional de Pesca (INP) 34 3 Salinas (STE), Jambelí (EOR), Puerto Engabao (GYE)
Instituto Oceanográfico de la Armada

(INOCAR)
301 13 Las Palmas (ESM), Atacames (ESM), Murciélago (MAN), Jaramijó (MAN), San Mateo (MAN),

Punta Carnero (STE), La Lobería (STE), Santa Rosa (STE), Anconcito (STE), Chipipe (STE),
Valdivia (STE), Montañita (STE), Isla Puná (GYE)

Mingas por el Mar 11 1 Km 7.5 Playas-Data (GYE)
Universidad Península de Santa Elena

(UPSE)
61 3 La Diáblica (STE), San Pablo (STE), Ballenita (STE)

Escuela Superior Politécnica del Litoral
(ESPOL)

15 3 Playa Delfín (GYE), Playa Bahía Muyuyo (GYE), Playa Varadero (GYE)

Ecology Project International (EPI) 35 1 Tortuga Bay (GPS)
Universidad de Guayaquil (UG) 20 2 Los Frailes (MAN), General Villamil (GYE)
Total 477 26

⁎ The Ecuadorian provinces where the beaches are located are indicated with their official abbreviations as follows: (ESM) Esmeraldas; (MAN) Manabí; (STE) Santa
Elena; (GYE) Guayas; (EOR) El Oro, (GPS) Galápagos.
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fishing lines, straws and plastics bags) on all sampled beaches, followed
by others (wood, coal), cigarette butts, papers, metals and glass (Fig. 2).
On the beach in Galapagos, the proportion of plastics was slightly
higher (75.9%) than on continental beaches (64.8%). Along the con-
tinental coast, there is a tendency of higher proportions of plastics to-
wards the southern beaches (Fig. 3). Some of the northern beaches also
had high proportions of cigarette butts (up to 44%), paper (up to 13%),

or metal (14%). On several of the southern beaches no cigarette butts or
metal were found (Fig. 3).

The hierarchical cluster analysis revealed two major groups of
beaches with AMD along the coast of Ecuador. One more heterogeneous
cluster (light gray shadings) is characterized by high percentages of
metal, papers, cigarette butts and low percentages of plastics, while the
more homogeneous cluster (darker gray) unites the beaches with high

Fig. 1. Densities (items m−2) of anthropogenic marine debris (AMD) on Ecuadorian sandy beaches in 2018; boxes show the first and third quartiles, lines in the boxes
show the medians, horizontal lines show the highest and lowest observations, and dots represent outliers; x shows two values outside of the scale of the figure. The
right-hand map shows the Ecuadorian provinces and black dots represent the sampled beaches. ESM, Province of Esmeraldas; MAN, Province of Manabí; STE,
Province of Santa Elena; GYE, Province of Guayas; EOR, Province of El Oro; GPS, Province of Galápagos.

Fig. 2. Percentage of types of anthropogenic marine debris (AMD) found on the 26 sandy beaches sampled along the coastal zone of continental Ecuador and
Galapagos; n = total number of items collected and classified.
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percentages of plastics and few other items (Fig. 4). These findings by
the hierarchical cluster analysis are strongly supported by the Principal
Component Analysis (PCA), where beaches dominated by plastics and
those dominated by papers, cigarette butts and metals are visibly dif-
ferentiated (Fig. S1). There is a clear geographical stratification among
the different beaches. Northern beaches tend to have more items be-
longing to local sources and beach users. The beach from Galapagos

groups within the second cluster with no difference with southern
continental beaches.

The densities of AMD on the beaches of Ecuador were variable, but
highest densities were observed on central and southern beaches.
Plastics dominated on most beaches, but the frequent observation of
paper, metal, glass, and cigarette butts suggests that much litter comes
from local sources and beach users, because these items are unlikely to

Fig. 3. Proportions of different types of anthropogenic marine debris (AMD) on Ecuadorian sandy beaches in 2018.

Fig. 4. Multivariate cluster analysis based on coefficients of similarity comparing percentages of anthropogenic marine debris (AMD) per type (plastic, paper,
cigarette butts, metal, glass, others) along the continental coast of Ecuador and Galapagos.
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have been deposited on the beaches by ocean currents.
The average AMD density on Ecuadorian beaches was 1.31 items

m−2. Similar densities were reported by Silva-Iñiguez and Fischer
(2003) for a beach in Baja California (Mexico) and by Hidalgo-Ruz et al.
(2018) for the beaches of continental Chile. Also, in other parts of the
world, e.g. West Pacific beaches, similar total AMD densities have been
recorded (Smith and Markic, 2013). However, Smith (2012) observed
higher densities for a West Pacific beach in Papua New Guinea, but he
also included smaller items (down to a size of 5 mm) in his sampling
and Jang et al. (2014) reported lower densities for the coast of Korea.
Thus, in general these comparisons indicate that AMD densities on
Ecuadorian beaches are within the same range as those in other coastal
countries of the Pacific Ocean.

> 65% of all AMD items collected in this study were plastics. This
result is similar to the percentages found in many other parts of the
world (Thiel et al., 2013). The types of plastics were variable, including
consumer items and plastics derived from fishing activities (see e.g.
Fig. 5). High percentages of plastics have also been reported by Moore
et al. (2001) and Rosevelt et al. (2013) for beaches from California, but
these authors also included micro-litter (1–5 mm) in their studies. In-
terestingly, the proportion of plastics was low in Ensenada, Baja Cali-
fornia, where the authors found a high proportion of wood, and sug-
gested that main litter sources were of terrestrial origin (Silva-Iñiguez
and Fischer, 2003); possibly during the 17 years following that survey
the proportions of plastics might have increased, as there seems to be a
general tendency for oceanic plastics to increase (e.g. Ostle et al.,

2019). For the case of the Galapagos Islands, the predominance of
plastic was 75%, which is a similar outcome to what Honorato-Zimmer
et al. (2019) and Morishige et al. (2007) found for Easter Island and for
a small Hawaiian island, respectively. These high proportions of plastic
items are considered indicative of transport through the sea (e.g. Ribic
et al., 2012; Honorato-Zimmer et al., 2019). Many of those plastics are
brought to oceanic islands either via the subtropical gyre (Ribic et al.,
2012; Luna-Jorquera et al., 2019), or via the equatorial current system
(this study).

Within continental Ecuador there was high variability in AMD
densities, with highest densities recorded on southern beaches. This
suggests that higher inputs to southern beaches come either from land-
or from sea-based sources. The higher population density in the
southern province Guayas and the more intense fishing and industrial
activities may be responsible for the higher AMD densities in this part of
the country. However, the composition of the litter on southern bea-
ches, especially those along the Gulf of Guayaquil, with high propor-
tions of plastics and low proportions of paper and cigarette butts sug-
gest that an important fraction of the AMD might arrive from human
settlements via water transport. This area is under the strong influence
of the river Guayas, the largest Ecuadorian river flowing into the Pacific
Ocean with a runoff of> 1600 m3 s−1, and a very high human popu-
lation density living near its banks (Montaño and Sanfeliu, 2008). It is
likely that the river brings important amounts of land-based AMD, and
plastics are the items that persist long (> 7 days) trips within the river
and coastal currents, whereas glass and metal items sink, and papers
and cigarette butts degrade and/or sink. Onshore coastal currents and
winds (Vera et al., 2009; Collins et al., 2013) may then push floating
plastics onto the beaches of the Gulf of Guayaquil. This process is si-
milar to what is observed on oceanic islands where passage through
seawater leads to a sorting of AMD, favoring the arrival of plastics on
island beaches (see above).

On the northern beaches, paper, cigarette butts, metal and glass
were proportionally more common, which hints at beach users depos-
iting AMD directly on the beach. Wilson and Verlis (2017) have used
similar inferential evidence for beaches of NW Australia. On Chilean
beaches, AMD composition (high proportion of metal and glass) and
distribution within the beach (more litter in the upper sections of the
beach) were used as indication that most litter had been directly de-
posited by beach users (Hidalgo-Ruz et al., 2018; Honorato-Zimmer
et al., 2019). Our suggestion that direct deposition by beach visitors is
the main source of AMD on beaches of northern and central Ecuador is
also supported by Mestanza et al. (2019), who based their inference on
AMD composition and the relationship between high frequency of
beach visitors and low beach quality. Those authors also suggested that
beaches with high levels of international tourism are among the
cleanest beaches of Ecuador, because local and national authorities
undertake strong efforts to keep those beaches clean. The fact that the
beach from Galapagos and from a marine reserve were among the
cleanest beaches in our study seems to support the suggestion by
Mestanza et al. (2019). Future studies should examine whether active
management (e.g. on beaches with international tourism or in marine
reserves) leads to cleaner beaches in Ecuador.

The findings of this collaborative inter-institutional effort show that
plastics dominate AMD on Ecuadorian beaches and those AMD densities
are moderate to high. AMD composition indicates beach visitors as an
important source of AMD especially on northern beaches. In contrast,
the tendency of higher densities and higher proportions of plastics on
southern beaches suggests that in addition to the litter being deposited
by beach visitors, litter is also deposited on these beaches via the sea,
either coming from the Guayas River or from upstream sources in the
Humboldt Current. The fact that beach visitors are responsible for a
large proportion of plastic litter indicates that effective strategies to
reduce this problem must involve the local population. These strategies
should include public awareness and education campaigns, as well as
other measures such as the ban of single-use plastics, as these

Fig. 5. Photographs of Anthropogenic Marine Debris (AMD) collected at single
sampling stations along the continental coast of Ecuador.

N. Gaibor, et al. Marine Pollution Bulletin 154 (2020) 111068

5



contributed a large percentage of the observed plastics (personal ob-
servation of all coauthors).
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