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ABSTRACT
Marine plastics stranded on the coastlines of remote small islands threaten both the ecological integrity of local ecosystems and
communities’ well-being. However, despite the growing quantities of stranded plastics in these locations, the remote nature of
these sites renders monitoring and intervention efforts difficult to undertake. Within this context, we developed a citizen science
approach to monitor stranded marine plastics in collaboration with villagers living on a remote small island in Indonesia. This
study reports the co-development and application of an approach that can be used and maintained independently by remote
coastal communities. In the monitoring stage, the participants quantified both the weight and composition of stranded marine
debris on a beach located in their village for a 4-week period from late May to mid-June 2021. The results revealed that the weekly
accumulation of stranded marine debris on the beach was 3.97 kg/m2, with 58% categorized as plastics. The stranded plastics
sampled in this study were sorted and collected for recycling, estimated to provide a total economic value of 91,700 Indonesian
Rupiahs (USD 5.84), or equivalent to 12.77% of the average monthly household income in the area. The citizen science activities
indicated that the local villagers were capable of operating the designed monitoring system effectively, with the added benefits
of supplementary earnings from recycling. An independently operated monitoring approach combined with collection efforts for
recyclable items is important as remote islands have to manage increasing quantities of stranded marine debris despite the lack of
an adequate local waste management system.
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cited.
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1 Introduction

Plastic production has seen exponential growth globally [1],
accompanied by the increasing leakage of plastic waste items
from consumer markets into the oceans [2, 3]. One of the main
drivers of plastic leakage into the oceans is inadequate waste
management in mainland areas [4]. The most recent estimates
revealed that this leakage could range from 4.8 to 12.7 million
metric tons of plastic annually [5], resulting in the accumulation
of 5 trillion plastic pieces with aweight of over 250, 000 tons in the
Earth’s oceans [6]. A substantial quantity of these plastic waste
materials is dispersed over large distances, due to their buoyancy
in seawater, which enables them to be transported around oceans
through surface circulation [7]. Ever since the turn of the 21st
century, there has been a growing recognition that an increasing
quantity of these marine plastics would be washed ashore in
coastal areas around the globe creating localized environmental
and waste management burdens [8, 9].

Marine plastics stranded on coastlines pose significant threats
to the integrity of coastal ecosystems and the biota living in
them, particularly due to the threat of ingestion, entanglement,
smothering, and spreading of invasive species [10, 11]. Stranded
marine plastics have been estimated to create economic loss
exceeding 13 billion USD annually due to damages caused to
coastal ecosystems [12] and their supply of ecosystem services
[13]. Moreover, in the region of Asia Pacific, stranded marine
plastics generate losses of up to 1.26 billion USD per year due to
disruptions in economic activities performed in coastal areas [14].

Remote islands are particularly vulnerable to stranded marine
plastics as they have been shown to act as sinks for plastic debris
coming from mainland areas [15, 16]. The vulnerability extends
beyond the natural ecosystems and includes the livelihood and
well-being dimensions of the people living on these islands, who
are directly dependent on the impacted coastal ecosystems [13,
17]. However, difficulties in accessing remote islands to conduct
monitoring studies have rendered such areas as the blind spot
of marine plastic pollution research, and there are gaps in data
from these locations [18]. This condition is reflected in Indonesia,
the largest archipelagic country in the world with thousands of
remote small islands [19] and the second biggest emitter ofmarine
plastics after China [5]. Despite these characteristics, there have
only been limited numbers of studies measuring strandedmarine
plastics in Indonesia, with existing research mainly focusing on
its most densely populated island, Java [19].

Nonetheless, the Indonesian government has made the issue of
stranded marine plastics a central point in its national develop-
ment plan, with the combined targets of reducing 70% of plastic
leakage to the ocean by 2025 and accelerating research looking
at local characterization of stranded marine debris [20]. One
approach to the management of stranded marine plastics is to
mobilize local residents through citizen science projects aimed
at both monitoring and managing marine plastics. Such projects
have been shown to result in the collection of stranded marine
plastics for recycling purposes and monetary gain, which act
as incentives for local people to get involved in the monitoring
and management scheme [21]. However, to date, this approach
has not been developed and adopted in remote islands in the
Indonesian context. In this regard, combining beach clean-up

activities with citizen science efforts with the aim to characterize
stranded marine debris can act as a more time- and cost-efficient
means of managing marine plastic pollution than existing clean-
up technologies [22]. The information gathered from these
combined citizen science activities is also important for providing
information to develop and implement solutions at both local and
regional levels [7].

Citizen science involves members of the general public who
conduct research in a non-professional capacity [23]. Citizen
science is not only an important means of gathering data but
also a platform for awareness raising and increasing engagement
with scientific issues [24]. Furthermore, engaging volunteers in
citizen science efforts may induce behavior change conducive
to environmental protection and sustainability [25]. However, a
recent systematic review revealed that citizen science research
has been mainly focused on biodiversity research, with fewer
applications in pollution issues [26]. Furthermore, most citizen
science monitoring efforts have been typically performed in
terrestrial settings, with limited relevance for the purpose of
coastal and marine management efforts [27].

Within this context, this study aims to develop and apply a
standardized protocol for citizen science monitoring efforts of
stranded marine plastics to be implemented in remote islands
in Indonesia. A standardized procedure for citizen science is
important to ensure the reliability of the data produced and the
scalability of the citizen science activity [28]. The citizen science
approach in this study applied monitoring methods that did
not require sophisticated analytical skills, with simplicity as the
main feature, to enable the engagement of as-wide-as-possible
volunteers in local areas, so that the activities may be sustained
over a longer term [29]. This study was thus designed to be a
case study seeking to test a co-developed approach to citizen
science, devised and implemented with local island communities
to support mitigation efforts and inform decision-making at the
community level.

2 Materials andMethods

2.1 Study Area

The study was performed as a part of the Blue Communities
research program (https://www.plymouth.ac.uk/research/
institutes/marine-institute/our-research/blue-communities),
which aimed to support sustainable marine spatial planning in
Southeast Asia. Data collection was conducted on the coastline
of Barugaiya village on Selayar Island, the main island of an
archipelago of small islands situated in the transition zone
of UNESCO’s Taka Bonerate Biosphere Reserve, Indonesia
(Figure 1). The land area of Selayar Island measures 798 km2,
comprising 33,713 households spread over 88 villages [30]. Selayar
Island is remotely located and can only be reached by using slow
boats and infrequent flights [31]. The key livelihoods of the
island population are as artisanal fishers, directly dependent
on near-shore fisheries located on its surrounding coastal
ecosystems [32], especially as other economic sectors in the
island, such as tourism, are underdeveloped [31]. In regard to
waste management, the island is served by limited infrastructure,
with very infrequent clean-up efforts in its coastal areas, which
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FIGURE 1 Map of the study area.

regularly receive debris from the sea rather than from local
inland sources [33].

The coastal and marine area of Selayar Island is known to
have a high level of marine biodiversity, particularly in relation
to its coral reefs, seagrass, and mangrove ecosystems [34, 35].
More specifically for the coastline of Barugaiya village, where
this study was conducted, recent data indicated that there were
88 individuals of 4 sea turtle species laying over 8370 eggs on
its sandy beach in 2019 [36]. These sea turtle species consisted

of Lepidochelys olivacea, Chelonia mydas, Caretta caretta, and
Eretmochelys imbricata [37], categorized as vulnerable, endan-
gered, vulnerable, and critically endangered species, respectively
[38]. As well as being important for biodiversity, the coastal
environment of the area is also used by local communities for
recreational activities and is important for their health and well-
being [39]. Nonetheless, despite the importance of its coastal
area, studies measuring stranded marine plastics in the island’s
coastlines have yet to be performed, creating a substantial
knowledge gap regarding the risk that marine plastics pose to the
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FIGURE 2 Schematic diagramof the development of citizen science
approach to monitor stranded marine plastics on a remote island in
Indonesia.

local environment and its ecosystem services, hence to coastal
communities relying on them.

2.2 Development of Citizen Science Approach

The citizen science approach adopted in this study was prepared
following the guidelines developed by Ottinger [40], in which the
problem to be addressed was jointly identified with local com-
munity members with the aim of providing evidence to support
local campaigns and efforts to address the problem of stranded
marine plastics. The complete sequence of the development of
the citizen science approach and its application took place over
a period of 9 weeks, involving the development of a monitoring
platform, participant recruitment and training, and 4 weeks of
data collection (Figure 2). The development of the monitoring
platform was performed concurrently with participant recruit-
ment, in consultation with local stakeholders, comprising local
civil society organizations and individual community members.
Of particular considerations, the stakeholders highlighted the
need to develop an approach that could be applied despite
technological, skill, and time limitations existing within the
local communities. As such, following Bergmann et al. [41], we
decided to forego both sorting the stranded marine plastics into
separate categories of litter items and counting them individually.
Furthermore, on the basis of the consultations with the local
stakeholders, the following research questions (RQs) were set
out:

1. RQ1: What are the average accumulation rates of stranded
marine debris and plastics, Over themonitoring period, in the
study area?

2. RQ2:What is the proportion ofmarine plastics in the stranded
marine debris, sampled in the study area?

3. RQ3: Are there any spatio-temporal variations of the stranded
marine plastics, sampled in the study area?

Specifically for RQ3, the following null hypotheses (H0) were set
out to be tested through quantitative statistical approaches:

∙ H01: The stranded marine plastics would be accumulated in
similar quantities across the time period in the study area (i.e.,
no temporal variations).

∙ H02: The stranded marine plastic would be uniformly dis-
tributed across the study area (i.e., no spatial patterns).

On the basis of stakeholder consultation, it was decided to
combine smartphone GPS data with open-source geographic
information system (GIS) software as the main monitoring
platform for stranded marine plastics. For this purpose, Avenza
softwarewas installed on smartphones commonly owned by local
villagers to capture the coordinates of stranded marine debris
on the shorelines of the local village. It has been demonstrated
that the use of this software in smartphones produced accept-
able accuracy levels in comparison with recreation-grade GPS
receivers in various environments [42]. The coordinates collected
usingAvenzawould then be exported as aGIS format formapping
using QGIS, an open-access GIS software, which has been shown
to outperform other open-access software in limited computing
conditions [43].

Following the recruitment of volunteer participants from the
local village, a training workshop was held to provide technical
knowledge on how to perform beach surveys and use Avenza
for field data collection and QGIS for data visualization using a
communal laptop. The recruitment of participants resulted only
in five adults willing to dedicate their time and efforts voluntarily
for the citizen science project, possibly as a result of the low
awareness of the island’s residents regarding the issue of marine
plastic pollution [33]. These volunteer citizen scientists went
on to undertake a 3-day training workshop that equipped them
with the skills to operate the tools and equipment independently
and enabled them to monitor stranded marine plastics on the
shoreline of their village. The training was provided by the
scientific researchers involved in this study.

2.3 Data Collection and Statistical Analysis

Field data collection took place after the training workshop was
completed. The sampling transects were determined according
to inputs from a local turtle conservation organization, which
identified crucial areas for the nesting of sea turtle eggs along
the village shoreline, consisting of five locations. The participants
monitored the stranded marine plastics in the identified areas
and inputted the geographic coordinates into theAvenza software
on their smartphones (which can be downloaded for free from
https://store.avenza.com/), with a frequency of once per week
for the period of 4 weeks from late May to mid-June 2021.
The decision to undertake a once-a-week monitoring frequency
was mainly driven by the necessity to accommodate the time
availability of the participating citizen scientists. The beach
surveys were conducted on each occasion at low tide conditions,
at the same time period during the day, with tide levels (obtained
from local tide charts at https://www.tideschart.com/Indonesia/
South-Sulawesi/Benteng/) and observations of weather condi-
tions recorded by the participating citizen scientists. The survey
measurementswere based on transect sampling for each location,
using five 1 m2 quadrat plots, over a transect of 160 m, parallel
to the shoreline. The stranded marine debris in each quadrat
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TABLE 1 Date, time, tide conditions, and observed weather patterns during the monitoring period.

Sampling
week

Date
(day/month/year) Time Tide level (m)

Weather conditions
during sampling

Weather conditions
on the night before

sampling

1 25/5/2021 2.00–5.00 p.m. Low tide (0.35) Sunny, clear, light
breeze

Clear, no rain

2 4/6/2021 2.00–5.00 p.m. Low tide (0.3) Sunny in the
beginning and rainy
at the end, light

breeze

Clear, no rain

3 10/6/2021 2.00–5.00 p.m. Low tide (0.2) Sunny, clear, light
breeze

Clear, no rain

4 17/6/2021 2.00–5.00 p.m. Low tide (0.2) Sunny, clear, light
breeze

Clear, no rain

was weighed and sorted for plastic items, which were then
quantified by weight separately. The separated marine plastics
were also collected to be recycled by the citizen scientists, who
also recorded their economic values based on the price given by
a local recycling entrepreneur. Each transect survey consumed
about 1–2 h depending on the quantity of stranded marine
debris collected on each occasion. The survey measured the
weight of stranded marine debris and its plastic composition
based on best practice guidelines from Badan Standar Nasional
Indonesia [44] and Kosmala et al. [45]. After each survey day was
completed, the participants returned to the villagemeeting hall to
store their data in spreadsheets, export the coordinates from the
Avenza software into the QGIS platform, and map the hotspots
of stranded marine plastic accumulation on the village shoreline.
We provided each citizen scientist with a step-by-step protocol
(Supporting Information 1) detailing the above methodological
activities prior to the training workshop, which they could refer
to throughout the monitoring period.

The gathered data were also subjected to statistical analysis to
test the significant difference between each survey period and
location, specifically to address RQ3 and the null hypotheses
related to it. The types of statistical tests were chosen according
to similar studies performing beach monitoring of stranded
marine debris [46–48]. Both stranded marine debris and marine
plastic accumulation data were tested for normal distribution
using the Shapiro–Wilks test. As the data were not normally
distributed, non-parametric tests were then applied using the
Kruskal–Wallis H-test and Mann–Whitney U test for pairwise
comparisons, with applied post hoc analysis using Bonferroni
correction. The statistical analysis was performed using PSPP, a
free and open-source statistical software.

3 Results and Discussion

This study is one of the first efforts to quantify and characterize
stranded marine debris in a remote location in Indonesia, which
has been very rarely performed [19]. Over a period of 4 weeks,
despite the relatively stable weather and low tide conditions
during the survey periods and on the preceding days (Table 1),
the amount of stranded marine debris was found to fluctuate,

with statistically significant differences (RQ3) in the surveyed
locations for both total marine debris (Kruskal–Wallis H-test,
H= 43.71, df= 4, p< 0.05) and strandedmarine plastics (Kruskal–
Wallis H-test, H = 46.89, df = 4, p < 0.05) (Table 2). Over a period
of 4 weeks, the weekly accumulation of stranded marine debris
across the surveyed locationswas 3.97 kg/m2 (RQ1), with stranded
marine plastics accumulating at a weekly rate of 2.29 kg/m2

(RQ1), or approximately 58% of the stranded debris (RQ2). The
weekly average for strandedmarine debris accumulation for each
of the survey locations ranged from 2.93 to 5.46 kg/m2 (RQ1), with
plastics forming approximately 35%–72% of the quantified debris
(RQ2). From the results of pairwise comparison using the Mann–
Whitney U test (RQ3), the differences amongst the surveyed
locations (p < 0.008 after Bonferroni correction) were observed
mainly for location P2 (Table S1), where the highest amount of
stranded marine plastics was found in the first and last week
of the survey period (Figure 3). These statistical tests indicated
statistically significant differences in the quantities of stranded
marine plastics between the survey periods and locations that the
null hypotheses (H01 and H02) of RQ3 were rejected. In addition,
the final week of the survey also saw the highest amount of
stranded marine debris and plastics covering the area (Figure 4).

The photos of the sampledmarine plastics stranded on each of the
survey spots across the monitoring periods (Figure 5) indicated
that most of the accumulating plastics could be categorized as
packaging for food and beverage products, mainly bottled water.
These types of plastics are typically composed of polyethylene
(PE) and polypropylene (PP), which have positive buoyancy in
seawater [49] and have formed the majority of plastic strandings
on Indonesian beaches [50]. According to existing studies [51, 52],
these types of plastics aremainly released to Indonesian seas from
riverine sources from Indonesian Islands located in the western
and central part of the country, with the rivers from the island of
Sulawesi, the most adjacent large island to our remote study site,
likely contributing substantially to the observed marine plastic
strandings in our study. However, as discussed further below, the
recycling revenue obtained from the collected marine plastics in
our study was lower than what can be obtained from urban areas,
due to the degradation and contamination of the stranded plas-
tics, indicating that the beached plastics had spent considerable
time floating on the sea or accumulating on the beach.
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TABLE 2 Quantity of stranded marine debris and marine plastics in the surveyed areas over a period of 4 weeks.

Surveyed area

Stranded marine debris (kg/m2) Stranded marine plastics (kg/m2)

Week 1 Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 Week 4

P1 5.12 11.10 1.90 4.64 1.50 5.21 1.90 2.75
P2 3.11 3.39 3.42 6.10 2.00 2.90 1.30 5.50
P3 3.56 3.24 3.42 5.54 1.40 1.90 3.42 4.43
P4 1.93 1.62 1.24 3.69 0.25 0.60 1.24 3.69
P5 2.44 1.90 4.66 7.34 0.45 1.70 0.50 3.21
Average
accumulation
(kg/m2)

3.23 4.25 2.93 5.46 1.12 2.46 1.67 3.92

Weekly
accumulation
(kg/m2)

3.97 2.29

FIGURE 3 The five beach survey locations. Red dots indicate locations with the highest amount of strandedmarine plastics for each survey period.

FIGURE 4 The average accumulation, across the five survey loca-
tions, of stranded marine debris and plastics covering the area quantified
over a period of 4 weeks.

The dominance of plastics in the marine debris characterized in
this citizen science study was similar to the conditions found
in other remote islands located around the world, as indicated
in recent emerging evidences, which have reported weekly
accumulation of stranded plastics between 0.4 and 3.1 kg/m2

(e.g., as stated in these studies [41, 53, 54]). This finding suggests
that similar to other remote islands, Selayar Island may also
act as a potential sink for marine plastics. Our results also
support the findings of a recent systematic review which found
that plastic items dominate the composition of marine debris
found on Indonesian coastlines [19]. As discussed in the previous
paragraph, the majority of these stranded plastic items were
released by rivers from Indonesian Islands and transported by sea
currents, with the area where Selayar Island is located receiving
marine plastics originating from the western and central parts of
the country [52].
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FIGURE 5 Photos of the stranded marine plastics sampled by the participating citizen scientists taken at: (a) location P1, week 2; (b) location P2,
week 3; (c) location P3, week 4; (d) location P4, week 1; (e) location P5, week 4.

Both the statistical tests and the mapping of the accumulation
hotspots of strandedmarine plastics for the duration of our survey
in the study site (Figure 3) revealed that these hotspots were
concentrated in the northern part of the surveyed beach. Our
citizen sciencemonitoringwas performed in the sea turtle nesting
parts of the beach, which can be classified as the backshore
zone, above the wrack zone and most of the tidal actions [55].
According to the existing literature on marine debris monitoring
focusing on the backshore part of beaches, variations in the
accumulation of debris in this zone were mostly determined by
wind movements [56] and beach geomorphological characteris-
tics, such as topography [57] and substrate [3], that may lead
to high localized accumulation rates despite the lack of strong
wind-wave regimes [58], as also indicated in the observed tide and
weather conditions in our study site (Table 1). The lack of tidal
actions in the backshore zone of beaches has been observed to
enable the deposition of debris and marine plastics underneath
sand particles, causing the backshore area to become a long-
term sink for marine plastics [59]. All of these indicate that the
northern part of the beach surveyed in our citizen science study
may possess specific geomorphological characteristics rendering
them more vulnerable to the accumulation of stranded marine
plastics during our monitoring period and beyond.

Nonetheless, the accumulation of marine debris in coastal areas
is highly unpredictable as it is influenced by a range of interacting
hydrometeorological and geomorphological factors, including
local currents, coastal topography, and weather patterns [60].
Besides these aspects, the distance to locations with high popula-
tion density and the existence and intensity of shipping activities
also likely influence the amount and distribution of stranded
debris [61]. Nonetheless, despite the many factors influencing
their stranding, the characteristics of marine debris in coastal
areas still act as good proxy indicators for marine debris compo-
sition in the adjacent oceanic system [62]. As such, our results
indicate that plastics are also likely to be prevalent in the sea
surrounding the island.

In regard to the survey locations, which are used by sea turtles as
nesting places, the accumulation of stranded marine plastics rep-
resents an ecological risk. Plastic materials on sandy beaches can
change the heat transfer and permeability characteristics of the
sand grains, affecting the physical and chemical characteristics
of beach ecosystems [63]. Furthermore, as observed by Mortimer
et al. [64], turtle nesting habitats are particularly vulnerable to
strandedmarine plastics as they often overlap with accumulation
hotspots. Various case studies around the world link stranded
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TABLE 3 Economic value of recyclable stranded marine plastics collected in this study.

Surveyed area

Economic value of the collected stranded marine plastics (IDR)

Week 1 Week 2 Week 3 Week 4

P1 3000 10 420 3800 5500
P2 4000 5800 2600 11 000
P3 2800 3800 6840 8860
P4 500 1200 2480 7380
P5 900 3400 1000 6420
Total 11 200 24 620 16 720 39 160

marine plastics with sea turtle mortality and injuries, reduction
in the number of sea turtle eggs and nesting, and increases in
hatchling failures [65–67]. Considering these ecological risks,
further research is needed to monitor the impacts of marine
plastics on sea turtles in the area, especially considering that such
knowledge on marine species endemic in Indonesia is still very
limited [68].

The case study in this article therefore demonstrates that a
simple citizen science approach can be an efficient and effective
method to monitor and report waste pollution problems in
remote islands, especially as the approach can be performed
by local community members, who have low resources to use
more sophisticated methods. The participants of this study also
obtained an economic benefit in the form of additional income
revenue as a result of the resale of the recyclable stranded marine
plastics, with a total value of IDR 91,700 (USD 5.84) (Table 3).
As the average monthly household income in the area is IDR
718, 000 [39], this recycling revenue was equivalent to about
12.77%of themonthly earning of the average household in Selayar.
However, this economic value was approximately 65% lower than
what can be obtained from recyclable plastics of similar quantity
traded in urban residential areas in Indonesia [69]. The reduction
in value is due to the quality of the collected marine plastics,
which are typically degraded and contaminated, and in need of
additional cleaning before being processed for recycling [70]. Yet,
the collection of recyclable plastics in this project provides some
degree of economic incentives for the management of stranded
marine plastics by local communities.

3.1 Limitations and Future Studies

Beach surveys in Indonesia and in other parts of the world
typically target macroplastics, resulting in substantial knowledge
gaps regardingmicroplastics [71, 72]. Surveying beach ecosystems
for these smaller fragments of plastics is important as beach
sediments have been shown to act as a sink for microplastics [15].
However, incorporating an assessment of microplastics and poly-
mer characteristics in a citizen science project would increase the
workload requirements and require sophisticated equipment and
monitoring methods that are not widely available in Indonesia
[50, 68]. Considering the low resource context of the location of
this study, the citizen science approach used here was developed
to ensure that local residents can independently employ and scale
up its use, hence its focus on simplicity and ease of application.

Nonetheless, our study only managed to recruit five volunteering
citizen scientists from the local village, despite the low resource
requirement of our citizen science approach. Besides the rel-
atively low awareness of local communities on the pressing
issue of marine plastic pollution [33], other factors might have
contributed to the low recruitment rate, including local work
commitments, involving lengthy stays on the sea and intensive
workload requirements, of the predominantly small-scale fishers
living in the village [17], and the perceived urgency of other
environmental issues, especially climate change, that competed
for the prioritization of resources and efforts of local stakeholders,
including community members [73]. However, as shown in
other studies [74, 75], marine plastic pollution and changing
coastal regimes due to climate change, such as sea level rise
and ocean acidification, act as combined stressors that imperil
ecosystemandhumanhealth. This situationhighlights the urgent
need for awareness-raising campaigns, which can be combined
with environmental education programs, on the issue of marine
plastic pollution in the area. It is also worth noting that local
initiatives in our case study area have emerged, innovatively
combining recycling enterprises with community monitoring
activities, via the establishment of waste bank cooperatives [76].
Such emergence of locally-led mitigation efforts indicates the
potential for further replications and scale-up of citizen science
monitoring of marine plastic pollution in the area.

Besides the aforementioned considerations, the citizen science
effort in this study still needs to be subjected to further replication
and scale-up of data collection to ascertain the spatiotemporal
variability of aggregated accumulation of stranded marine debris
and plastics in the area. The monitoring of stranded marine
plastics in this studywas only undertaken once perweek, limiting
our ability to capture detailed variations in the stranding patterns
across space and time. To address such limitations, continuous
monitoring of strandedmarine debris and plastics in coastal areas
is needed to understand plastic pollution dynamics, including
the transport and movement of debris existing in the area,
degradation and burial processes, and removal by waves and
tides [4, 11, 16, 21]. Such intensive and extensive monitoring
efforts can be augmented with the utilization of remote sensing,
which enables cost-effective measurement and characterization
of stranded marine debris [77]. This remote sensing approach
can be combined with citizen science activities, with the par-
ticipants geotagging and photographing the quantified stranded
marine debris and plastics, which will provide data that can
be used for further processing, for instance as training samples
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for object identifications using machine learning algorithms
[78]. These further monitoring studies can be combined with
detailed measurements of local wind-wave regimes and beach
geomorphological characteristics to ascertain the factors driv-
ing the strandings and accumulations of marine plastics. Such
knowledge is important to inform targeted mitigation and beach
management efforts at a local scale [54] and also to evaluate
the effectiveness of any local, national, or global interventions to
reduce plastic waste.

4 Concluding Remarks

Stranded marine plastics are a major challenge faced by many
coastal communitiesworldwide today, particularly in regions that
do not have adequate infrastructure or resources to manage the
stranded plastics. Remote islands, especially those located in the
Global South, often suffer from a lack of adequate waste manage-
ment infrastructure, rendering them vulnerable to marine plastic
pollution stranded along their coastlines. Engaging residents in
citizen science projects aimed at monitoring and then managing
marine plastics through recycling with monetary gain can act as
an incentive for local people to get involved in addressing the
global and locally experienced challenge.

This study developed and demonstrated the application of a
citizen science methodology to monitor and map the accumu-
lation of stranded marine plastics along a shoreline situated on
a remote island in Indonesia. The citizen science approach was
designed with the specific focus of local replication in subse-
quent monitoring efforts to be performed by citizen scientists
comprising the island’s residents. Our results indicated that the
participants of the citizen science study had the capability to
gather and analyze strandedmarine plastics data by following the
co-developed protocol. The data gathered by the citizen scientists
showed that the marine debris stranded on the coastline of their
villagewasmainly composed of plastics, providingmore evidence
of the potential role of remote islands as sinks for marine plastics.
Our findings especially contribute toward developing an under-
researched area regarding marine plastic pollution in remote
locations in Indonesia, with the potential to informmanagement
and the implementation of mitigation strategies and interven-
tions. Future studies are also identified, especially related to the
need to investigate both the impacts of marine plastic pollution
on the endemic species of sea turtles and the spatiotemporal
variations in marine debris and plastics accumulated in the
coastlines of the island where the study was performed.
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