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We examined the hypothesis that in an emerging economy such as Chile the abundances of Anthropogenic
Marine Debris (AMD) on beaches are increasing over time. The citizen science program Cientíﬁcos de la Basura
(“Litter Scientists”) conducted three national surveys (2008, 2012 and 2016) to determine AMD composition,
abundance, spatial patterns and temporal trends. AMD was found on all beaches along the entire Chilean coast.
Highest percentages of AMD in all surveys were plastics and cigarette butts, which can be attributed to local
sources (i.e. beach users). The Antofagasta region in northern Chile had the highest abundance of AMD compared with all other zones. Higher abundances of AMD were found at the upper stations from almost all zones.
No signiﬁcant tendency of increasing or decreasing AMD densities was observed during the 8 years covered by
our study, which suggests that economic development alone cannot explain temporal trends in AMD densities.

1. Introduction
Anthropogenic marine debris (AMD), mostly composed of plastics,
has been characterized as a global and persistent environmental problem that has considerably increased over the last decades (Galgani
et al., 2015). The accumulation of AMD has multiple impacts that can
be categorized into three types: biological, ecosystemical, and socioeconomical (Kuo and Huang, 2014). Biologically, marine organisms can
be aﬀected by AMD through ingestion and entanglement (Gregory,
2009; Kühn et al., 2015), which can lead to physical and chemical
damage and even death (Rochman et al., 2013; Vegter et al., 2014). In
terms of ecosystems and biogeography, AMD may serve as dispersal
vehicle for invasive species, which can modify local ecosystems
(Amaral-Zettler et al., 2015; Kiessling et al., 2015; Thiel and Gutow,
2005). With respect to socio-economic factors, since coastal AMD is
aesthetically detrimental, it can aﬀect the perception of beach-users and
eventually coastal tourism, requiring high beach cleaning costs and
causing losses in revenue (Jang et al., 2014; Newman et al., 2015;
Santos et al., 2005).
Marine debris can be classiﬁed according to two main source categories: ocean- and land-based debris, depending on where AMD entered
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the marine environment (Galgani et al., 2015). Ocean-based AMD
sources include waste from shipping, ﬁshing, oil platforms, and aquaculture (Astudillo et al., 2009; Edyvane et al., 2004; Hinojosa and Thiel,
2009; Hong et al., 2014; Sheavly and Register, 2007; Watters et al.,
2010). Land-based AMD might enter the marine environment by rivers,
outﬂow from industries, harbors, unmanaged landﬁlls, sewage waters,
extreme events (tsunamis, hurricanes), or through direct littering by
beach visitors (Aguilera et al., 2016; Goto and Shibata, 2015; Green
et al., 2015; Khordagui and Abu-Hilal, 1994; Rech et al., 2014). It has
been estimated that > 8.4 million tons of plastic waste enter the oceans
annually from land-based sources (Jambeck et al., 2015).
A major part of AMD studies have been conducted in coastal areas,
because of their proximity to sources, facility of access, and due to
potential aesthetic impacts (Galgani et al., 2015). These studies provide
insights about dominant types of AMD, their abundance, potential
origins and accumulation rates. Nevertheless, these characteristics
might be highly variable, e.g. due to the inﬂuence of urban cities,
coastal use, river ﬂushing, and the geomorphology, hydrodynamics and
oceanography of each coastal area (Galgani et al., 2015; Moriarty et al.,
2016). Consequently, studies with standardized methods that extend
over a certain region and time are needed to evaluate the spatio-
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temporal variability of AMD abundances and composition (Browne
et al., 2015; Hong et al., 2014; Moreira et al., 2015; Thornton and
Jackson, 1998).
Temporal changes of AMD have been studied over diﬀerent spatial
scales, but most of them have been done on a small scale, such as single
beaches, bays or islands (e.g. Agustin et al., 2015; Tourinho and
Fillmann, 2011), or during shorter periods of time (e.g. Madzena and
Lasiak, 1997; Storrier et al., 2007). Only few studies extend over a large
temporal and spatial scale (for examples see Gago et al., 2014; Nelms
et al., 2016; Ribic et al., 2010, 2011; Schulz et al., 2015a, 2015b). The
generated results are contrasting: in some cases trends of AMD densities
can be identiﬁed, either increasing in Indonesia (Willoughby et al.,
1997), decreasing in Australia (Edyvane et al., 2004), or being consistent over time in Canada and Scotland (Lucas, 1992; Storrier et al.,
2007). But in other cases, the results are highly variable and no temporal tendencies are observed (Cheung et al., 2016; Eriksson et al.,
2013; Nelms et al., 2016). Consequently, no consistent global long-term
trend has been identiﬁed for AMD densities on beaches (Browne et al.,
2015).
Changes of AMD abundance over time might be related to the socioeconomic and educational conditions of a country; pro-environmental
behavior (e.g. adequate waste disposal) is generally higher in developed
countries (Morren and Grinstein, 2016). Developed economies might
have educational programs to increase environmental awareness in the
population, such as environmental campaigns, frequent clean-up campaigns (e.g. NOAA, Ocean Conservancy), and well-established recycling
infrastructure (Borja et al., 2011; Veiga et al., 2016). On the other hand,
developing countries might focus on economic growth, often at the
expense of environmental care. Environmental degradation might increase as the economy grows, up to a point where economic development leads to higher environmental awareness, and amounts of AMD
are likely to be lower on beaches of developed countries, with a tendency to decrease over time. For an emerging economy such as Chile we
should thus expect that the amounts of AMD of beaches are high, with a
tendency to increase over time.
The Chilean citizen science program Cientíﬁcos de la Basura (“litter
scientists”) has been studying the problem of AMD in the SE Paciﬁc for
approximately 10 years, conducting the ﬁrst national survey of AMD on
beaches in 2008 (for further details of the program, see Eastman et al.,
2014). The mean density of AMD was by that time 1.8 items m− 2
(which included wood and “others”) and the most common AMD types
were plastics, cigarette butts and glass (Bravo et al., 2009). Nevertheless, these results represented only a ﬁrst snapshot of the general
situation, and there was no information on the spatio-temporal dynamics of beach litter in the SE Paciﬁc. Therefore, the national AMD
survey was repeated during the years 2008, 2012 and 2016 along the
entire Chilean coast, in order to (1) determine composition, (2) estimate
abundance and spatial patterns, and (3) explore temporal trends of
AMD densities on beaches from the SE Paciﬁc.

Fig. 1. (a) Beaches sampled during the three AMD surveys along the Chilean continental
coast (within their ﬁve zones) and islands. (b) Schematic overview of beach survey design. S1 to S6 indicate the number of station per transect, in which station 1 (S1) represents the station closer to the low tide line, and station 6 (S6) corresponds to the
station closer to the highest site of the beach.

importance of the beach for the community, ease of access, and
proximity to the participating schools. The selected beaches ranged
from urban to semi-urban beaches with sandy sediments.

2.2. Citizen science participation
2. Materials and methods
2.2.1. Recruitment
The general coordinator of the program contacted and invited
prospective schools from selected locations with potential interest in
the project. Once each institution agreed to participate, one speciﬁc
person acted as the responsible local person (teacher or school director)
who was in charge of keeping contact with the general coordinator of
the Program. Whenever possible, the schools were supported by local
city governments, corporations, and local environmental organizations,
in terms of transportation and materials for the activity. A total of 3551
students and 84 teachers from 99 schools participated in the three
surveys, with the support of 46 regional advisors (some of which participated in two or all three survey years) (Table 1). Surveys were
conducted during August–September of 2008, April–May of 2012, and
June–July of 2016, i.e. during austral fall or winter.

2.1. Study area
The Chilean coast covers most of the South East Paciﬁc, extending
over ~4500 km from 18°S up to the southern tip of the continent at
56°S. The coast is composed mainly of rocky shores and sandy beaches
between 18° and 42°S, and extensive channels and archipelagos in the
Patagonian region south of ~42°S (Miloslavich et al., 2011). In order to
guarantee a representative sampling of the Chilean coast, we invited
participants from speciﬁc locations that are more or less evenly distributed along the coast. During each AMD survey between 29 and 40
beaches were sampled, with a total of 69 diﬀerent beaches for the three
surveys (Fig. 1a). Locations from the oceanic islands, Rapa Nui and
Juan Fernandez, were only included during the AMD survey of 2016. At
each selected location, beaches were chosen depending on the
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Table 1
Number of participants per national survey.
Participants

2008

2012

2016

Total

Schools and organizations
Students
Teachers
Advisors

48
1590
23
16

26
815
28
17

40
750
47
19

99a
3155
84a
46a

a
Please note that the sum between columns does not match the total amount, because
there are schools, teachers and advisors who participated in more than one survey.

2.2.2. Training activities
A package of support materials was sent to each school. It included
activity booklets, motivational story books for students, and materials
for the survey (see Eastman et al., 2014). Several preparatory activities
were conducted for children to learn about the ocean and marine life,
and also about the problem of litter. Prior to each sampling, a dry run of
the AMD survey was done with all participants, in which all steps of the
sampling protocol were revisited. Schools that requested or needed
support in the beach survey were matched with local marine biologists
and professionals related to natural sciences; if possible, these local
scientiﬁc advisors also participated in the preparatory activity. During
the whole process, the general coordinator of the program was in
contact with the responsible person from each school in order to ensure
the correct understanding of the protocol and an eﬀective sampling
procedure.
Fig. 2. Percentages of the diﬀerent categories of AMD for the three surveys, in each of the
ﬁve zones of Continental Chile and the oceanic islands.

2.3. AMD surveys
Between one and six transects, perpendicular to the coastline, were
surveyed at each beach. Transects ran from the low tide line (Station 1)
to the highest site of the beaches (basis of dunes or the beginning of a
road, Station 6). Each transect had between two and six stations, depending on the width of the beach. Each station covered a quadrat of
3 m × 3 m (9 m2) (Fig. 1b), delimited by ropes and sticks. Thus, sampling eﬀort is standardized per area and there is no risk that the number
of participants could aﬀect the amounts of sampled AMD; instead, more
participants allow for a larger number of standardized samples thereby
enhancing the representativeness of the study.
All AMD items found at each station were collected and counted
after classifying them according to the following categories: papers,
cigarette butts, plastics, metals and glass. Original datasheets considered also wood and “others”, but these categories were not coherent
among the three surveys, since in some cases natural debris (natural
wood, feathers, algae) was accidentally counted by the participating
schools as AMD, and consequently we decided to exclude these categories for analysis.
The information was gathered on data sheets, which were sent by
the responsible teacher via website (http://www.cientiﬁcosdelabasura.
cl/), e-mail, or through regular mail to the general coordination of the
program at Universidad Católica del Norte in Coquimbo.

with the zones 1–5 for the years 2008, 2012, and 2016 (including Juan
Fernandez and Rapa Nui in 2016) and AMD types as variables. In a
separate analysis, years (2008, 2012 and 2016) and the total amount of
diﬀerent types of AMD were considered as variables. The interactions
between years and zones were not considered in these analyses to
simplify the results and interpretation. However, a graphical representation of all data is reported.
To determine whether AMD abundances varied among zones over
years, a generalized linear model (GLM) was applied. The GLM permits
that the response variables (e.g. AMD abundance) have error distributions
other than a normal distribution and unequal variances (Zuur et al., 2009).
Diﬀerent models with diﬀerent error distributions and data transformations were run in preliminary tests to select the model providing the best
ﬁt of the data. Model selection was based on the ratio between the residual
deviance and the residual degrees of freedom (Zuur et al., 2009). The best
model selected was with log (x + 1) transformed data and the “quasipoisson” distribution of the error. Zones and years were considered as
ﬁxed factors with interactions in the ﬁnal model.
To determine whether AMD abundances varied between the high
and low stations of the beaches a linear mixed-eﬀects model (LME) was
used, considering a nested design where the transects per zones were
considered as a random factor (Zuur et al., 2009). The GLM and LME
were tested using R (R Development Core Team, 2008).

2.4. Data evaluation and statistical analyses
For the purpose of data evaluation, the country was divided in ﬁve
large zones, according to climatic, geographic, and socio-economic
factors (see Bravo et al., 2009). Rapa Nui Island and Juan Fernandez
Archipelago were considered as a separate zone (oceanic islands). We
compared the abundance of AMD among the three surveys (items per
m2), the composition of AMD according to the main types (% per type),
and diﬀerences in abundance between the high and low stations of the
beach (items per m2).
Diﬀerences between zones and years in the proportion of AMD types
were tested using two-way contingency tables. To evaluate diﬀerences
among zones, three independent tables (one per year) were conducted

3. Results
3.1. Types of AMD
Among all the surveys, the highest percentages of AMD were plastics (27.1% in 2008) and cigarette butts (38.0% in 2012, 41.8% in
2016). In 2008, there were signiﬁcant diﬀerences among zones
(χ2 = 94.761; p < 0.001; Fig. 2; Table S1), where cigarette butts
dominated in zones 1 (33.3%) and 2 (37.5%), and plastics in zones 3
and 5 (> 31.1%). In 2012, there were also signiﬁcant diﬀerences between zones (χ2 = 32.804; p = 0.008; Fig. 2; Table S1). Cigarette butts
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Table 2
Generalized linear model (GLM; quasi-poisson: Data = Log (x + 1)) results table for the
abundance of AMD across zones and survey years. Signiﬁcant values in bold.
Factors

Source of variation

Years
Zones

NULL
Years
Zones
Years:zones

D.F.

2
4
8

Deviance

d.f.

Residual

4.708
67.600
40.133

2733
2731
2727
2719

795.36
792.66
723.06
682.92

Table 3
Linear mixed-eﬀects model (LME; Data = Log (x + 1)) results table for the abundance of
AMD across zones and survey years; transects were considered as a random factor (nested
design).

p
Factors

D.F.

Sum Sq

DenDF

F·value

p (> F)

< 0.001
< 0.001
< 0.001

Years
Zones
High/low

2
4
1

0.328
4.258
4.395

554.8
532.3
558.3

2.839
18.417
76.024

0.059
< 0.001
< 0.001

Linear hypotheses

Estimate

Std. error

z value

Pr(> |z |)

Linear hypotheses

Estimate

Std. error

z value

Pr(> |z |)

Years

−0.236
−0.131
0.105
−1.159
−1.223
−1.076
−0.440
−0.064
0.083
0.719
0.148
0.783
0.635

0.108
0.099
0.105
0.100
0.098
0.109
0.089
0.094
0.106
0.086
0.104
0.083
0.096

−2.188
−1.310
1.008
−11.548
−12.521
−9.870
−4.937
−0.680
0.783
8.359
1.422
9.451
6.625

0.073
0.389
0.572
< 0.001
< 0.001
< 0.001
< 0.001
0.960
0.935
< 0.001
0.610
< 0.001
< 0.001

High - low

− 0.130

0.015

− 8.719

< 0.001

Zones

2008–2012
2008–2016
2012–2016
Zone 1–zone
Zone 1–zone
Zone 1–zone
Zone 1–zone
Zone 2–zone
Zone 2–zone
Zone 2–zone
Zone 3–zone
Zone 3–zone
Zone 4–zone

2
3
4
5
3
4
5
4
5
5

factors was also signiﬁcant (p < 0.001) (Table 2). However, diﬀerences among years were not reﬂected in the multiple comparisons test
and this result needs to be considered with caution (Table 2).
There were some diﬀerences between years within zones (Table S2).
In Zone 1 there were no diﬀerences among years. In Zone 2, Zone 3 and
Zone 5, AMD densities in 2008 were lower than in 2012 and 2016. In
Zone 4 higher AMD abundances were found in 2012 compared with
2016. The multiple comparisons among zones showed that zone 1 had
the highest abundance of AMD compared with all other zones
(p < 0.001), and zone 5 had higher abundances than zones 2
(p < 0.001), 3 (p < 0.001) and 4 (p < 0.001) (Table 2). In 2008,
zone 1 had the highest abundance of AMD, and zone 5 had higher
abundances of AMD compared with zones 2, 3 and 4 (Table S2). In
2012, zone 1 had higher abundances than zones 2, 4 and 5, and in 2016
the diﬀerence was found between zones 1 and all the other zones (Table
S2) (Fig. 3).
Overall, abundances of AMD were higher in Antofagasta (zone 1) in
comparison to the rest of the country, with 8.7 (2008), 11.4 (2012) and
13.0 (2016) AMD items per m2. All other regions presented average
values < 3.8 AMD items per m2 during the three surveys. In the case of
the oceanic islands Rapa Nui and Juan Fernandez, litter abundances
were 0.5 and 0.7 AMD items per m2, respectively (Fig. 3).

Simultaneous tests for general linear hypotheses over the factor interaction represented in
Fig. 3 and the Supplementary Table S1. A multiple comparisons of means using the Tukey
contrasts are reported. Pr represents an adjusted p values on a single-step method.

reached the highest proportions in zones 1 to 3 (> 43.6%), and plastics
in zone 5 (39.8%). Glass presented a higher proportion in zone 4 than in
the other zones (24.8%). In 2016 the signiﬁcant diﬀerences between
zones (χ2 = 121.993; p < 0.001; Fig. 2; Table S1) were due to the
dominance of cigarette butts in zone 1 (53.8%), and plastics in zones 2
to 5 (> 40.3%). In the case of the islands, Rapa Nui presented a high
predominance of plastics (75.3%), in contrast to Juan Fernandez, where
glass (38%) and plastics (30%) were predominant types of AMD (Fig. 2;
Table S1).
3.2. AMD abundance

3.3. AMD at diﬀerent beach stations
AMD was found along the entire Chilean coast. The average amount
per survey of AMD was 1.37 (2008), 1.69 (2012), and 2.15 (2016) AMD
items per m2. There were statistical diﬀerences between years
(p < 0.001) and zones (p < 0.001) and the interaction between these

With respect to the diﬀerences between high and low stations,
higher abundances of AMD were found in the upper areas of the beaches throughout the country (p < 0.001) (Table 3). Exceptions were
Fig. 3. AMD Abundance along the Chilean coast during
the three surveys.
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et al., 2017), or through their transport from continental coasts via
oceanic currents (Eriksen et al., 2013; Martinez et al., 2009; MirandaUrbina et al., 2015).
4.2. Spatial distribution and abundance of AMD
The accumulation of AMD is a prevalent problem across the Chilean
continental coast and oceanic islands. In general terms, the distribution
of AMD in coastal areas is highly variable (Galgani et al., 2015; Turra
et al., 2014). These diﬀerences can be caused by several factors. In the
ﬁrst place, the proximity to sources will determine the amounts of AMD
found. For instance, urbanized beaches tend to have highest AMD
densities in comparison to beaches with lower population densities
(Andrades et al., 2016; Nelms et al., 2016). Nevertheless, this relationship is not always straightforward, because in some cases the
amount of AMD found in highly populated areas can be lower than in
remote areas (e.g. Ribic et al., 2010). Most of the material found in
urbanized areas comes from local sources, either from recreational use
(Storrier and McGlashan, 2006; Walker, 1997), sewage dumping
(Velander and Mocogni, 1998), landﬁlls (Browne et al., 2015), or
ﬁshing activity (Claereboudt, 2004). In our study, we have identiﬁed a
strong and persistent trend of AMD accumulation on beaches of the
Antofagasta Region. Moreover, it has been reported that within this
region, beaches close to the urban center of Antofagasta accumulate
more litter than beaches from remote locations of the Antofagasta region (Kiessling et al., 2017), which highlights the local sources of AMD
in this region. That same study reported that AMD on beaches is not
perceived as a main issue for local government and residents, which
hampers eﬃcient AMD prevention and management (Kiessling et al.,
2017).
On the other hand, the continental AMD distribution can be related
to environmental and climatic factors, such as currents, waves and wind
(Browne et al., 2010; Bowman et al., 1998; Rosevelt et al., 2013; Santos
et al., 2009; Storrier et al., 2007; Thornton and Jackson, 1998; Williams
and Tudor, 2001). For instance, protected bays might accumulate
higher abundances of AMD, compared to beaches with direct exposition
to wind (Ivar do Sul et al., 2009; Li et al., 2016). Wind also aﬀects AMD
densities, since light AMD materials (e.g. expanded polystyrene) accumulate downwind, in contrast to denser materials that are dispersed
more evenly across the beach or estuary extension (Browne et al.,
2010). Proximity to rivers can also increase AMD on nearby beaches,
since they can transport AMD via storm-water runoﬀ or direct deposition (Araújo and Costa, 2007; Rech et al., 2014; Sadri and Thompson,
2014), which might be intensiﬁed during El Niño years (Thiel et al.,
2013).
Oceanic currents and proximity to the subtropical gyres are important factors of AMD accumulation on oceanic islands (Blickley et al.,
2016; Goldstein et al., 2013; Law et al., 2010; Lebreton and Borrero,
2013; Maximenko et al., 2012). In our study, we have found lower
abundances of AMD in Rapa Nui and Juan Fernandez compared to the
continental coast. Nevertheless, previous reports have found high
densities of small-sized plastic AMD on Rapa Nui and in surrounding
waters (Eriksen et al., 2013; Hidalgo-Ruz and Thiel, 2013; Ory et al.,
2017). Small-sized plastics can be a result of breakdown of larger items
that comprise an important fraction of AMD in oceanic gyres and on
island beaches (Eriksen et al., 2014; Lusher, 2015; Miranda-Urbina
et al., 2015). Nevertheless, since small-sized plastics are rarely sampled
in typical AMD samplings, they are commonly underrepresented in
many beach surveys. Therefore, it can be useful to apply diﬀerent
sampling methods according to micro-, meso- and macro-AMD (Lee
et al., 2013) at these oceanic locations.
Results from our study indicated that AMD abundances are higher at
the upper stations of the beaches, where AMD is distributed between
the high tide lines and the supralittoral zone of beaches near frontal
dunes, similar as in many other studies (Claereboudt, 2004; Costa et al.,
2011; Galgani et al., 2015; Oigman-Pszczol and Creed, 2007; Silva-

Fig. 4. AMD Abundance at the low and high stations in the ﬁve zones along the Chilean
coast, Rapa Nui and Juan Fernandez Archipelago.

observed in zone 5 during 2008 and on Juan Fernandez in 2016, where
higher amounts of AMD were found at the lower stations (Fig. 4).

4. Discussion
4.1. Composition of AMD
Plastics and cigarette butts constitute the larger part of AMD on
Chilean beaches during all three surveys. These items can be attributed
to local sources, since they are common products used by beach users
(Andrades et al., 2016; Ivar do Sul and Costa, 2007; Liu et al., 2013;
Rosevelt et al., 2013). Because of their durability, these items made
from synthetic materials comprise a large proportion of AMD (Barnes
et al., 2009; Moore, 2008). The persistent abundance of cigarette butts
and small-sized plastics are hard to manage since they might be buried
in the sand below the surface, and are a diﬃcult target for beach
cleanups because of their size (Portz et al., 2011). Smaller plastic items
are generated by the degradation of larger items, and so they represent
the accumulation of fragmented items over time (Nelms et al., 2016).
The high proportion of glass and metal pieces on Chilean beaches
can also be an indicator of AMD sources. Since fragmented items from
both materials do not ﬂoat in seawater and are persistent materials,
their presence usually indicates nearby sources, typically beach users
(land-based AMD) (Bravo et al., 2009). On the other hand, plastics can
indicate distant sources, such as ships and the maritime industry
(ocean-based AMD) (Morishige et al., 2007). This is particularly relevant for islands such as Juan Fernandez Island, which presented a
higher abundance of plastics (and glass), similar as observed on St.
Lucia and Dominica (Corbin and Singh, 1993), Pitcairn Islands (Benton,
1995), and French Frigate Shoals, Hawaii (Morishige et al., 2007). Rapa
Nui Island was mainly dominated by plastics. Since it is located close to
the center of the South Paciﬁc Gyre, a large fraction of these plastics
come from ocean-based AMD (mostly industrial ﬁsheries – Kiessling
520
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Items 500 m− 1
Items 100 m− 1
kg km− 1
15.0

41.6
217.5
3
− 85%

− 73%
5–78%
40–65%

1997–2007
2002–2008
1991–2000
Southeast Atlantic
North Sea, Europe
Anxious Bay, Australia
Ribic et al., 2010
Schulz et al., 2015b
Edyvane et al., 2004

1998–2007
1998–2007
1998–2007
1997–2007
1997–2007
2012
2012
2012
2010
2010
al.,
al.,
al.,
al.,
al.,
et
et
et
et
et
Ribic
Ribic
Ribic
Ribic
Ribic

0.915 0.889
0.916 0.884
0.935 0.926

Decreasing
Decreasing
Decreasing
None
Land-based and general-sources increasing, but, oceanbased decreased
Ocean-based decrease
No general trend, but increasing at one site
Gradually declining from 1991 to 1999, but at 2000
suddenly increase
0.889
0.889
0.889
0.889
0.889
0.915
0.915
0.915
0.915
0.915

− 80%
− 31%

1997–2002
1997–2002
1997–2002
2008–2016
2001–2010
2005–2014
1990–2012
1990–2006

US Caribbean
Eastern Gulf of Mexico
Western Gulf of Mexico
Chile
Galicia, Spain
UK
Tern Island, Hawaii
French Frigate Shoals,
Hawai'i
North Paciﬁc Coast
Southern California Bight
Hawai'i
Northeast Atlantic
Mid-Atlantic

0.920
0.920
0.920
0.832
0.876
0.907
0.915
0.915

0.890
0.890
0.890
0.746
0.794
0.860
0.889
0.889

Decreasing
Decreasing
None
None
Increasing
Increasing of some items
None
None

70%
2.3 fold

13.0
1785.0
0.3
40.0

28.2
69.5
133.8
51.2
214.3

Items 500 m− 1
Items 500 m− 1
Items 500 m− 1
Items m− 2
Items 100 m− 1
Items m− 1 min− 1 person− 1
Items day− 1
Items year− 1
193.4
38.1
158.2
1.7
1016
0.009
15
3085

Items m− 1
10.7
44%
Increasing
1995–2006
Cassino beach, Brazil

Tourinho and Fillmann,
2011
Ribic et al., 2011
Ribic et al., 2011
Ribic et al., 2011
Our study
Gago et al., 2014
Nelms et al., 2016
Agustin et al., 2015
Morishige et al., 2007

0.755 0.661

Units
Maximun of AMD Mean of
AMD
% of AMD
variation
Education index General temporal AMD trend
Time frame HDI

No signiﬁcant increase in AMD densities was observed for the 8 year
period of our study, contrary to our prediction that the abundance of
AMD at Chilean beaches would be increasing over time. Previous studies that have analyzed temporal changes in AMD densities are highly
variable. Those studies cover wide spatial scales, from a single beach or
island (e.g. Agustin et al., 2015; Walker, 1997) up to a continental scale
(Ribic et al., 2011; Schulz et al., 2015b), and a wide range of temporal
extensions, with a time frame of 2 to 25 years (e.g. Ribic, 1998; Schulz
et al., 2015a). This high variability among studies limits the comparability among many studies (Browne et al., 2015).
A closer examination of temporal changes of AMD in studies covering similar time periods as our study (6 to 22 years) reveals that there
are indeed no clear temporal trends in AMD abundances (Table 4).
However, it is interesting to note that in the country with the lowest
Human Development Index (HDI) (UNDP, 2016) and Education Index
(EI) (UNDP, 2013) there is a tendency of AMD abundances to increase,
while in the country with the highest HDI and EI, there is a tendency of
decreasing litter abundances (Table 4). In the ﬁrst case, an increasing
abundance of AMD from 1994 to 2003 was reported at Rio Grande,
Brazil (Tourinho and Fillmann, 2011), the country with the lowest HDI
and EI. The authors suggested that the causes for increasing AMD
abundances are related to socio-economic aspects, such as development
of lifestyle, population growth, tourism activity and ﬁshery activity. On
the other hand, a steady decrease of AMD abundance from 1991 to
1999 was described for Anxious Bay, Australia (Edyvane et al., 2004),
the country with the highest HDI and EI. In this case AMD items were
related particularly to ﬁshing activity, such as bait straps, baskets, and
buoys. During the time of the study, some ﬁsheries showed a marked
reductions in ﬁshing eﬀort in the region, which led to a gradual decline
of this sort of AMD. However, in the same study “a sharp increase in
litter was recorded in 2000” and this was “probably due to stronger
than average onshore surface ﬂow (or Ekman Transport) in the western
Eyre Peninsula and Bight region” (Edyvane et al., 2004).
Although these two examples are relatively consistent with our initial hyphothesis, the majority of these studies did not conform to a
consistent pattern. In some cases, an increasing trend was found only
for certain AMD items, such as plastics and ﬁshing nets (Nelms et al.,
2016; Ribic et al., 2010), or a particular decreasing trend of AMD accumulation of ﬁshing-related items (Schulz et al., 2015b). Moreover, at
some single locations, analyses of AMD sources revealed contrasting
temporal trends depending on their origins. For example, for the MidAtlantic US coasts Ribic et al. (2010) revealed that land-based and
general-sources debris increased between the years 1997 to 2007, but
ocean-based debris decreased, suggesting changes in human activities

Location

4.3. Temporal variation of AMD abundances

Reference

Table 4
Studies that report temporal variations of AMD abundance, with their locations and time frame. HDI (Human Development Index) (UNDP, 2016) and Education Index (Mean and Expected Years of Schooling) (UNDP, 2013) were used as proxies for socioeconomic growth and educational conditions of each country. Percentage of AMD variation was calculated by the diﬀerence between AMD abundance of the ﬁrst and the last year of each study. Empty cells indicate no available data from the respective study.

Iñiguez and Fischer, 2003; Williams and Tudor, 2001). This could be
indicative of direct deposition of AMD by beach users, which mostly
rest in those sections of a beach (e.g. Bravo et al., 2009). However, this
distribution pattern might also depend on environmental factors. For
example, winter storms and wind might transport AMD further up the
shore, into the dunes (Thornton and Jackson, 1998) or else, storm
waves might pull AMD back to the sea (Ivar do Sul et al., 2011).
Beach clean-up services can also aﬀect AMD abundances. In coastal
areas of Brazil the beaches closest to highly populated areas had the
highest amounts of AMD, but this pattern was disrupted on beaches
with an eﬃcient public cleaning system (Leite et al., 2014). The central
area of Chile with a temperate climate and extensive sandy beaches
receives high numbers of tourists year-round (González and HoltmannAhumada, 2017). Some of the most prioritized ecosystem services for
tourists are beach and coastal scenery and their quietness (de Juan
et al., 2017). Since AMD accumulation is a factor that jeopardizes beach
scenery, extensive cleaning of tourist beaches is conducted in order to
reduce AMD abundances, which might aﬀect the patterns of AMD dynamics (Smith and Markic, 2013; Somerville et al., 2003).

Items 500 m− 1
Items 500 m− 1
Items 500 m− 1
Items 500 m− 1
Items 500 m− 1
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during that time period. Educational levels may also aﬀect littering
behavior of people (e.g. Eastman et al., 2013), and consequently AMD
densities. Also, in some cases AMD variations were associated with
oceanographic seasonal patterns, such as El Niño events (Gago et al.,
2014; Morishige et al., 2007), and wind-induced drift and wave action
(Agustin et al., 2015). These records show that AMD abundances are
highly variable over time and are strongly aﬀected by the local context
of each study, particularly by a combination of social and oceanographic factors.
Thus, the expected link between economic development and proenvironmental behaviors (e.g. Morren and Grinstein, 2016) might not
closely apply to AMD abundances on beaches, most likely because external factors (hydrodynamics, climate) are frequently disrupting this
relationship. Additionally, the temporal extension and resolution of
most currently available studies might still be too limited to determine
the temporal trends in AMD abundances. Therefore, in order to rigorously examine this putative relationship between the amounts of
marine litter and socio-economic development of a country (or region),
future studies require long-term data sets, and also a better indicator of
the littering and recycling habits of the local population.
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