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Executive Summary

Marine debris is a concerning problem as it poses environmental, social, and economic threats to marine
ecosystems and shoreline communities globally. Marine debris is more commonly composed of plastic
than any other material. Plastic negatively affects marine ecosystems, degrades habitats, and impacts
wildlife by entanglement, ingestion, chemical leaching, and toxicity which has caused untold numbers of
deaths to seabirds, turtles, marine mammals, and other forms of ocean life. Shoreline communities are
impacted by hazardous trash items, loss of tourism, and the challenges of implementing effective
strategies to manage litter. California state and local governments spend over 420 million dollars
($420M) annually to clean up and prevent litter from entering the state’s rivers and streams and
polluting beaches and the ocean. Marine debris in the ocean is escalating exponentially, fueled by
worldwide growing plastic production and demand. Tackling this pervasive global problem, will require
the coordinated efforts of governments, plastic producers, municipalities, plastic user groups,
researchers, and stakeholders, working together to strategize and implement solutions. Monterey Bay
National Marine Sanctuary (MBNMS) adopted a Marine Debris Action Plan with an overarching goal to
assess and reduce the amount of marine debris in, or entering the sanctuary.

Shorelines are the interface between the land and sea; thus, they represent an important geography for
monitoring and assessing marine debris. Globally, approximately 80% of marine debris is transported to
the ocean by rivers. From the ocean, marine debris can be washed ashore by wind, currents, waves,
upwelling, and tides. Litter can also be directly deposited onto the shoreline by visitors or carried to the
beach by winds. Thus, shoreline litter provides insight regarding the types of marine debris likely to be
prevalent in the nearby ocean environment. Because shorelines are accessible, carry high debris loads,
and are easier to study than marine debris found in the ocean and on the seafloor, beach litter surveys
can provide a large and robust dataset for understanding predominant types of marine debris in a
region. Furthermore, analyzing the distribution and density of marine debris on beaches, transport
mechanisms, and sources of marine debris can inform and provide direction to preventative and
corrective management measures.

The purpose of this study was to identify prevalent types of marine debris on MBNMS
shoreline and their distribution in order to assess potential sources and transport
mechanisms. In this report, we communicate our understanding through graphics and
recommendations to inform strategic actions by individuals, municipalities, agencies,
researchers, and organizations who could influence and reduce marine debris on MBNMS
shoreline.

This study analyzed data collected by five citizen science programs along the entire 276 miles (444
kilometers) of MBNMS shoreline over a five-year period from January 1, 2017 to December 31, 2021,
providing a total of 4,725 survey points collected by more than 37,000 volunteers. Through developing
harmonizing categories for marine debris and interpreting this large collective dataset, we identified
three primary human activities that contributed nearly 95% of marine debris: Eating and Drinking,
Smoking, and Various Activities. Various Activities refers to items not attributed to a specific activity
because items collected were small fragments or could have originated from multiple activities, as in the
case of packaging. Four additional activities contributed a smaller amount to marine debris: Personal
Hygiene, Recreation, Dumping and Disaster, and Fishing. These four activities collectively contributed
only 5% of the tallied marine debris items. Within each activity, several trash categories were identified.



Specific trash categories that contributed to the majority of marine debris by count (59%) were plastic
fragments, cigarette butts, and wrappers. Efforts to reduce the amount of marine debris should be
targeted at activities making the largest contribution to the problem, hence Eating and Drinking and
Smoking. The high percentage of debris attributed to Various Activities (42.5%) indicates that efforts to
reduce general marine debris are also important. General debris includes all items made from plastic
such as plastic bottles, caps, cups, packaging, and wrappers. Because plastic breaks apart into smaller
and smaller fragments that are harder to collect, but do not decompose, containment and careful
disposal of plastic products as well as reducing plastic use are keys to reducing marine debris.

Hotspots for marine debris were identified by dividing MBNMS shoreline into 28 segments of equal
length and summing debris counts for each. The number of debris items collected over the 5-year period
in monitored segments ranged from 70 to 310,837 total items, and the items collected per cleanup event
ranged from 53 to 473. The number of cleanups varied by segments. Some remote segments along the
Big Sur Coast were never visited while 775 cleanups occurred in a popular beach segment in Santa Cruz.
This Santa Cruz segment had the highest number of total items collected and a high number of items per
event, along the shoreline from Natural Bridges to Hooper Beach including the Main Beach and Cowell
Beach. Two other segments ranked as high to medium high for numbers of items collected and number
of items per event: one segment in northern Santa Cruz County between Waddell Creek and Bonny Doon
Beach and a second segment from Manresa State Beach in Santa Cruz County to Moss Landing in
Monterey County. We suggest groups or individuals collecting marine debris intensify efforts in areas
where a high number of items were collected per event as shown in maps in this report. Additionally, we
hope municipalities or agencies managing parts of hotspot segments review policies, practices, and
enforcement efforts for marine debris.

We compared marine debris density and the material composition of debris items along MBNMS
shoreline with other regions of the globe. MBNMS average linear marine debris density was 2,150
items/km, relatively low on the world scale where density ranged from o to as high as 10,700 items/km.
Material composition of MBNMS debris items was 72.7% plastic, 7.8% paper, 5% glass, 4.5% metal, 0.5%
cloth, and 9.6% mixed materials. Plastic represents a large part of the debris load on beaches across the
globe, up to 93% in some cases.

A specific type of plastic that is internationally problematic is cigarette butts, which are toxic to many
organisms if swallowed; and, also leach toxic chemicals that can harm marine organisms. Cigarette butts
made up nearly a quarter (23.1 %) of the debris load on MBNMS beaches. Disposal of cigarette butts in
the environment is a pervasive and distressing problem across the globe. International Coastal Cleanup
Day consistently reports cigarette butts as the most collected trash item from 2010 to 2020. The
National Cancer Institute has found smokers do not benefit from the addition of acetate filters (cigarette
butts) to cigarettes, finding cancer rates on par with users of cigarettes without filters. Our analysis
found a decrease in the number of cigarette butts on California State Park beaches, following a ban on
smoking imposed in October 2019. These results warrant further study of the effectiveness of smoking
bans for reducing cigarette butt debris. Smoking bans coupled with educational campaigns to inform
smokers of the serious harm of cigarette butts to marine organisms and to the ocean environment might
reduce the number of cigarette butts on beaches and alleviate the harms caused by this toxic pollutant.

Using statistics to understand the sources and transport mechanisms for marine debris, we were able to
determine that beach cleanups have an enormous impact on reducing trash on beaches. We also found



that the proximity to river mouths, offshore wind and currents, the angle of intersection of the nearshore
current with the beach, beach substrate (sandy or rocky), and percent of shoreline within a California
State Park, all made a difference in the quantity of marine debris collected in specific shoreline
segments.

Given the seriousness of the harm to marine life from plastic pollution and the projected escalation in
plastic production, the dilemma of how to reduce plastic use and plastic trash deserves attention and
decisive preventative actions from all sectors of society to prevent plastic from entering the ocean.
California state and local policies have been adopted and enacted to replace or ban items of concern,
such as single-use plastic bags, food-ware, straws, and cigarettes. Additional legislation (CA SB-54) is in
process toward California’s goal of recycling all single-use packaging and single-use food-ware products.
As plastic users, all of us can contribute significantly to diminishing plastic waste that escapes to the
environment through conscientiously managing the plastic we use and ensuring it is properly contained
and disposed of, and by seeking ways to reduce, reuse, recycle, refuse, and replace plastic products.
Joining beach cleanups and collecting marine debris data are important ways each of us can help
understand and alleviate the growing marine debris problem.


https://leginfo.legislature.ca.gov/faces/billCompareClient.xhtml?bill_id=201920200SB54&showamends=false

Transport Mechanisms for Marine Debris to MBNMS Beaches

Human Action: Beach Goers Fishing and Vessels
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Figure 1: How debris ends up on MBNMS beaches: (1) human action, including beach goers and commercial
fishing; (2) waterways, including rivers and storm drain outfall pipes that discharges onto beaches; and (3)
currents, including the direction of nearshore currents in MBNMS, seasonal currents on the West Coast (Davidson
Current), and global currents and upwelling. Photos top row (left to right): Steve Lonhart/NOAA, Pam Krone/NOAA,
middle row: Pam Krone/NOAA; Images bottom row: John Ryan/MBARI




Section 1: Introduction

The accumulation of trash on beaches and in the ocean across the globe, also called marine debris,
creates economic, environmental, and social threats to marine ecosystems and shoreline communities.
California state and local governments spend over 520 million dollars ($520M) annually to clean up and
prevent litter from entering the state’s rivers and streams and polluting beaches and the ocean (Stickel et
al., 2012). NOAA’s Monterey Bay National Marine Sanctuary (MBNMS) is motivated to reduce these
threats and has developed a Marine Debris Action Plan with an overarching goal to assess and reduce the
amount of marine debris in or entering MBNMS, as referenced in the 2021 Management Plan.

Marine debris is defined as any persistent solid material that is manufactured or
processed and directly or indirectly, intentionally, or unintentionally, disposed of or
abandoned into the marine environment or the Great Lakes (33 U.S.C. 1951 et seq., as
amended by Title VI of Public Law 112-213). Marine debris is anthropogenically (human-sourced)
and can include trash on beaches, microplastics in the ocean, floating plastic on the ocean’s surface,
ghost nets, and other humanmade objects. Marine debris encompasses items made from glass, plastic,
cloth, metal, and paper/wood. However, marine debris does not include natural debris such as kelp,
carcasses, and tree trunks. In this report, we use the terms marine debris, debris, litter, and trash
interchangeably with no intended difference in meaning. We occasionally use the term shoreline debris
to specifically denote marine debris occurring on the shoreline.

Marine debris ends up on the shoreline from land-based, shore-based, and ocean-based human
activities. Debris is transported by people as they come to the beach to eat, play, fish, or engage in other
shoreline activities. Debris from land-based activities is carried to the shore by natural forces such as
wind or water flowing from rivers or storm drains. Marine debris from fishing or boating activities in the
ocean can be transported to the shore by the action of ocean upwelling, tides, waves, and currents.

Depending on the local dynamics of marine debris transport, shorelines can be sources or sinks for
marine debris. Most macroplastic (>5mm) entering the ocean from river mouths strands close to coastal
entry points, with model simulations estimating that 65—75% of buoyant floating plastic material ends
up on the beach (Onink, 2021). Thus, trash from land-based activities can be deposited into the ocean
from rivers and then transported onto the beach from the ocean. The shoreline acts as a kind of net,
reducing the amount of marine debris in the ocean, hence making beaches a sink for marine debris
(Dubec et al., 2015; Onink, 2021). In other cases, trash left on the beach by beachgoers can be carried
into the ocean, making the beach a source of marine debris entering the ocean (Tourinho and Fillman,
2011; Munari et al., 2018; Brabo et al., 2022). Local beach geography and dynamics in addition to
human intervention by beachgoers and cleanup activities play an important role in the balance of inputs
to outputs.

Once in the ocean, plastic marine debris is nearly impossible to collect and results in negative biological
and ecological consequences, many of which are not currently well understood. Plastic marine debris is
commonly misidentified and inadvertently eaten as food by fish, birds, turtles, and other marine
inhabitants, resulting in malnourishment or gut blockage, physical entanglement, toxicity, and
accumulation up the food web (Bergmann et al., 2015; Roman et al., 2020). Entanglement in debris and
consumption has caused untold numbers of deaths in marine mammals, sea turtles, pelagic birds, fish,
whales, and other ocean creatures (Wilcox et al., 2018; Thiel et al., 2018; Alexiadou et al., 2019; Roman



et al., 2019; Horn et al., 2020; Roman et al., 2020; Senko, 2020; NASEM, 2022; Eisfeld-Pierantonio et
al., 2022; Oldach et al., 2022).
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Figure 2: Examples of marine life injured or killed by plastic. Photos top row (left to right): Douglas Croft, Sophie
Webb, Steve Lonhart/NOAA; bottom row (left to right): Steve Lonhart/NOAA, Michael Richlen/NOAA, Josh
Pederson/NOAA

Because beaches serve as a collection point for marine debris, beach cleanups are a key mitigation
strategy for removing debris before it can enter or reenter the ocean and cause further degradation and
harm. Beach cleanups, when data is simultaneously collected, also build understanding of shoreline
debris type and abundance, which is essential for understanding the marine debris issues that need to be
addressed and for assessing whether conditions have improved subsequent to new policies or changes in
management (Hutto and Belote, 2013). Shorelines are the most robust environment for studying marine



debris due to their ease of access and greater number of observations that are possible when compared
with ocean surveys (GESAMP, 2019).

Burgeoning interest in marine debris is leading to increasing research of the amount and distribution of
debris on beaches, the sources and causes, transport to marine systems, and ecosystem effects, as well as
strategies for prevention. Most scientists agree that the problem is generally worsening rather than
improving (UNEP, 2021). The growing demand for plastic has led to a boom in production, increasing
exponentially from 2 million tonnes in 1950 to 460 million tonnes in 2019 (Geyer et al., 2017).
Unfortunately, increased production has resulted in an exponential increase of marine debris, as
preventative measures have been inadequate. In 2019, an estimated 1.7 million tonnes of plastic leaked
into the global ocean, adding to the estimated 30 million tonnes already present (OECD, 2022). The
plastic pollution problem has been exacerbated by increasing amounts of plastic manufactured each
year, lack of proper disposal or other end of life solutions, lack of education and social change needed to
correct the problem, and insufficient social will to make producers fully responsible for the entire life
cycle of the plastic in products they produce (Eriksen et al., 2014; UNEP, 2021; Rangel-Buitrago et al.,
2022; NASEM 2022). Careful management of trash to prevent accidental escape, stewardship of plastic
products including end of life solutions and strategies to reduce plastic waste at all stages of intervention
have been proposed as means to provide relief from this escalating environmental catastrophe (NASEM,
2022; OECD, 2022).

Monterey Bay National Marine Sanctuary (MBNMS or sanctuary) staff is concerned with trash on
beaches because of the possibility of transport to the ocean from wind, tides, and waves, in addition to
the degraded state and appearance of beaches with trash. Within MBNMS, marine debris has been found
in the deep trench off the coast of Monterey Bay (Schlining et al., 2013); trapped in geologic formations
such as ledges and canyons (Corcoran, 2015); in the rocky intertidal areas (Weber et al., 2019); as
macroplastic and microplastic particles and throughout the water column from the surface to the deep
ocean strata at 1000 meters (Kashiwabara et al., 2021; Choy et al., 2019); and on beaches (Roosevelt et
al., 2013).

In this report, we concern ourselves with a small part of the overall issue, specifically with marine debris
collected and counted on the shoreline of MBNMS, the relationship of marine debris to human activities,
and recommendations for local control and management of debris that is found on beaches. In our
analysis, we utilized data collected by citizen scientists as well as research data collected for more formal
analysis. We included the most recent five years of data: 2017 through 2021. Our objective was to
address the following questions:

1. What beach activities and categories of trash represent the most prevalent trash problem on
MBNMS shorelines?

2. What are the geographic hotspots, where trash density and accumulation are greater? Are these
related to particular activities that vary by geography?

3. What are the predictor variables that influence marine debris density on the shoreline?

4. What strategies could be used to reduce the amount of debris on beaches?

1.1 Monterey Bay National Marine Sanctuary and its Shoreline

Monterey Bay National Marine Sanctuary (MBNMS) shoreline was the location of this study. It extends
from Rocky Point in Marin County to Abalone Cove in San Luis Obispo County, with the exception of the
San Francisco-Pacifica Exclusion Area. MBNMS has a coastline length of 276 miles (444 km), includes
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6,094 square statute miles of ocean, and extends an average of 30 miles from the shore. The diversity of
marine life is extraordinary, including 36 species of marine mammals, 180 species of sea birds and shore
birds, 525 species of fishes and a variety of marine biota. Recreational activities are encouraged in the
sanctuary and include boating, paddling, sailing, scuba, tide pooling, wildlife viewing, and beach
activities (NOAA, 2012). Industrial and commercial uses of MBNMS include fishing, aquaculture,
military activities, shipping, deployment of underwater cables, and mineral extraction (NOAA, 2012).
MBNMS is important ecologically for ecosystems that support the rich diversity of sea life, and
economically for industrial, tourism, and commercial fisheries benefits. For preservation purposes,
activities that could harm the health of the marine ecosystem such as drilling, ocean dumping, or seabed
mining are prohibited. Marine debris is a concern for MBNMS due to the impacts on the marine
environment and sanctuary resources.

Monterey
Bay National
Marine
Sanctuary

Davidson
Sea
Mount

Figure 3: A view of the sanctuary coastline and an illustration of Monterey Bay National Marine Sanctuary
boundary, including the Davidson Seamount Management Zone. Photo: Pam Krone/NOAA

The mission of MBNMS is to understand and protect the coastal ecosystem and cultural resources of
MBNMS through education, monitoring, resource protection, and research. MBNMS shoreline is a
valuable resource to the many individuals who enjoy the beautiful beaches and spectacular marine life as
well as those organizations who benefit from the productive marine environment. Resource protection in
MBNMS includes protecting natural resources to reduce detrimental human impacts to sanctuary
resources and preserve its treasures now and for future generations.

1.2 NOAA’s Marine Debris Program

In 2006, Congress authorized the NOAA Marine Debris Program (MDP) as the U.S. federal
government’s lead for addressing marine debris. The MDP achieves its mission through six main pillars:
Prevention, Removal, Research, Monitoring and Detection, Response, and Coordination. MDP staff are
positioned across the country in order to support projects and partnerships with state and local agencies,
tribes, non-governmental organizations, academia, and industry. The MDP envisions the global ocean

11



and its coasts free from the impacts of marine debris and its mission is to investigate and prevent the
adverse impacts of marine debris. Both MBNMS and MDP fall under the authority of the US Department
of Commerce, National Oceanic Atmospheric Administration (NOAA), and the National Ocean Service
(NOS).

Section 2: Data Sets Used for Assessment of Marine Debris

Professional and citizen science debris data collection programs exist to assist researchers, non-profit
organizations, and other stakeholders in better understanding the extent, distribution, origin, and types
of marine debris found on beaches. Many of these programs are also leaders in public education
regarding marine debris issues and solutions, and some also advocate for legislative changes or local
actions that can be taken to lessen marine debris. Examples include the Save Our Shores program
providing posters for public education and the Surfrider Foundation advocating for plastic bag bans in
many cities. Some debris cleanup and data collection programs are designed by non-profit organizations
coordinating beach cleanups using citizen scientists to collect and tabulate debris data. Marine debris
apps allow individuals to collect and contribute debris data while engaging in self-directed beach
cleanups. In some cases, data cards or checklists are still used by organizations when organizing beach
cleanups for trash data collection. Other debris data programs require registration to enroll in the
program and are more oriented toward marine debris researchers that study the accumulation or
distribution of debris, such as the NOAA Marine Debris Program. These programs generally require
more precise location and area information as well as offering some flexibility in the categories of data
collected. Although often less precise in terms of area covered and effort expended, citizen science
programs, using volunteer time, can collect a much larger amount of data in terms of spatial extent,
number of events, and frequency of beach cleanups. In our analysis, we made use of data from both types
of programs, from non-profit organization data collected by citizen scientists as well as research data
collected for more formal analysis.

We settled on five data sets that were the most representative geographically for MBNMS shoreline and
had the highest number of cleanup events where data was recorded. Additional information on the data
sources, selection, cleanup, and harmonization processes are available in Appendix A.

Five data sets included in MBNMS shoreline marine debris analysis:

NOAA Marine Debris Monitoring and Assessment Project:

NOAA Marine Debris Monitoring and Assessment Project (MDMAP) is a monitoring program of the
NOAA Marine Debris Program. The MDMAP website provides a means to query marine debris data
collected within countries, states, data collection organizations, or named beaches. Three different
survey modes are included in MDMAP: standing stock data, accumulation data (2.5 to 30 cm), and
accumulation data (>30 cm).

Debris Tracker:

Debris Tracker is an app designed to help citizen scientists contribute data on debris while doing
cleanups at any location globally: inland, beaches, and ocean based. Debris Tracker, designed by the
University of Georgia, allows for customization of data collected including debris items. It also allows for
opting into data options such as number of people, duration, land use, and area covered, among others.

12



Trash Information and Data for Education and Solutions (TIDES):
TIDES is an online, open-access database hosted by Ocean Conservancy, containing the world's largest
ocean trash dataset collected by volunteer cleanups. The app used for data collection is Clean Swell.

Save Our Shores:

For over 45 years, Save Our Shores (SOS) has been engaging community members in beach, inland, and
river cleanups to remove harmful debris from the Monterey Bay Region in California. SOS hosts
hundreds of events throughout the year and is also a regional coordinator for the Ocean Conservancy's
International Coastal Cleanup Day (coordinated in California by the California Coastal Commission).

Surfrider Foundation:
Surfrider Foundation has a national network of chapters that convene beach cleanups in U.S. coastal
state and engages in other activities to preserve beach access and protect the ocean.

We used as much data as possible to create a more comprehensive understanding of marine debris on
MBNMS'’s coastline (Table 1).

Start Date

(allinclude  Number of Trash # Beach lat &
Data Set 2021) Categories Weight People Dimensions Duration Name long
MDMAP: 2.5-30 cm 6/12/2012 48 NI 100%  length and width 100% yes yes
Save Our Shores 2/2/2008 75 7% 85% 31% (est. length) 79% yes NI
Debris Tracker 10/1/2014 53 NI NI 0% 0% 0% yes
TIDES 6/26/2015 50 100% 100% distance NI NI yes
Surfrider 1/9/2016 81 96% 96% 24% 45% yes yes

Table 1: Data sets used in this analysis are different in many ways (NI=Not Included).

Figure 4: Coastal cliffs and private land make some areas along the Big Sur shoreline inaccessible. Photo: Josh
Pederson/NOAA
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2.1 Data Source Geographic Scope

The geographic scope and distribution differed between datasets in terms of extent and number of
events (Figure 5). All data sets analysis included cleanups along the northern shorelines of MBNMS,
with Debris Tracker, TIDES, and Surfrider including further north to Marin County. TIDES data
included the most cleanup events across the most dispersed geographic locations, including cleanups
along the Big Sur Coast (Kasler Point, Plaskett Rock, Jade Cove, Sand Dollar Beach, Cape San Martin)
and south to San Simeon (Point Piedras Blancas, San Simeon State Beach, Moonstone Beach, Abalone
Cove). Save Our Shores (SOS) efforts were concentrated in the Monterey Bay area, extending south to
include one event at Andrew Molera State Park in Big Sur, and six events north at Ao Nuevo State
Reserve. A large extent of Big Sur coastline between Point Lobos State Park and San Simeon had poor or
no coverage as many of the beaches are inaccessible due to rocky cliffs as well as restrictions by
landowners.

MDMAP Debris Tracker SOS Surfrider TIDES
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Figure 5: Cleanup locations for each of the five data sets used for analysis from 2017-2021. Some locations were
visited for cleanups multiple times.

2.2 Number of Events by Data Source over a Five-Year Period

The total number of beach cleanup events where debris was tabulated and recorded in these five datasets
on MBNMS shoreline increased year after year starting with 259 events in 2017 and increasing to 958 in
2021 (Figure 6). The number of events in the TIDES dataset increased each year, due in part to the
increasing popularity of Coastal Cleanup Day, occurring each year on the third Saturday in September
and organized by the Ocean Conservancy. This increase in TIDES data was assisted by SOS, who
organizes groups for Coastal Cleanup Day and uses the TIDES app on this day. Events included in TIDES
were eliminated from SOS data to avoid double counting. Although much of TIDES data (45%) is
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collected in the fall when Coastal Cleanup Day takes place, use of this app for tabulating trash increased
each year during all other seasons as well. The number of cleanup events in the SOS dataset was
consistent from 2018 through 2021, at about 200+50 events/year. MDMAP increased in use from 2017
(9) to a peak in 2019 (140) and then showed a decline in use from 2019 to 2021 (38). This time period
coincided with a pause in promotion of MDMAP while the project underwent an evaluation and revamp.
Debris Tracker had about the same number of events tracked in 2017 (81) as in 2021 (89), with less
events in middle years. Surfrider, although reporting the fewest events, often consolidated the efforts of
many people into a single event. More than half (54%) of Surfrider data was contributed by groups of 25
people or more. Along with Surfrider, other datasets (SOS and TIDES) also consolidated trash data for
large groups into a single event, sometimes for efforts of more than 100 people.
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Figure 6: Number of cleanup events in each data set by year. Events are trash cleanups where debris is recorded.
In cases when organizers used apps, the larger dataset was maintained, removing duplicate data from the smaller
set. For example, Surfrider uses the Debris Tracker app and SOS uses the TIDES app.

2.3 Data Source Number of Collectors

The median number of collectors and of marine debris items collected per event vary by dataset, as
shown by the central line in each colored boxes in the box and whisker plots (Figure 7). SOS, Surfrider,
and the Ocean Conservancy (using TIDES) host large events, which explains the outliers (dots above the
colored rectangles) on the plots. Due to the amount of effort put into the event by volunteers, SOS, and
Surfrider also have higher median value for trash items collected per event when compared with the
other datasets. Because the TIDES app is also extensively used by individuals, the median value for this
dataset is lower. Debris Tracker does not track the number of people on the app and had the least
number of events. As Surfrider uses this app, events included in the Surfrider dataset were omitted from
the Debris Tracker data to avoid double counting, however skewing the plots of Debris Tracker to lower
values. MDMAP is designed as a monitoring tool and restricts data collection to a particular shoreline
length, thus the number of items per event is generally lower than programs that strive for large beach
cleanups.
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Figure 7: Plots showing the number of items and number of people per event by dataset reveal differences in trash
data collection methods. SOS, Surfrider, and the Ocean Conservancy (using the TIDES app) organize cleanup
events attended by large numbers of volunteers. TIDES is also extensively used by single individual or small group
cleanups. Extreme outliers were not included on both plots: SOS reported items/event = 4752, 6440, 6640; TIDES
items/event = 4530; SOS people/event = 200, 206; TIDES people/event = 200.

2.4 Discussion

Data used from multiple citizen scientist sources (TIDES, SOS, Surfrider, MDMAP, Debris Tracker)
provided a more comprehensive estimate of the amount, type, and distribution of debris on MBNMS
shoreline than use of a single dataset.

By using citizen science data, we reinforce the importance of public engagement in cleanup processes
and validate the relevance of this mode of data collection. Beyond the values of data collection and
cleaner beaches, the process of engaging citizen scientists can build their understanding of the problems
and potential solutions which hopefully will encourage them to take action to solve this difficult socio-
environmental issue (Nelms et al., 2017; Kawabe et al., 2022). Citizen science programs do more than
gather knowledge inexpensively through volunteers, they impact the individuals involved. Through
recognizing their contribution and building their understanding of science, a sense of responsibility and
desire to become involved in civic change is sometimes ignited (Turrini et al., 2018). Citizen science can
produce good quality data; however, limitations and biases should be considered. For example, citizen
scientists tend to under report small items (<2.5 cm) in marine debris cleanups (Kawabe et al., 2022).
Training citizen scientists prior to participation can improve data quality by reducing errors and
overcoming biases resulting from differences in abilities (Bonney et al., 2016). The reliability of collected
information can be increased by developing clear protocols, training volunteers, and onsite supervision,
in addition to review and revision of data collected (Bergmann et al., 2015). Data source used in this
study either are currently doing or planning to implement all recommended methods for increasing the
reliability of data provided by citizen scientists.

16



Although we included five large datasets in our analysis, it remains incomplete because cleanups occur
without data documentation. Finding a way to estimate marine debris from these unaccounted efforts, as
well as from areas of the coastline not surveyed would provide additional insight into the amount, type,
and location of marine debris along MBNMS shoreline. We encourage individuals and organizations to
document the debris collected during cleanup events as more data provides more comprehensive
information for building scientific understanding and decision making on the municipal and state level,
as well as for use by governmental and non-governmental organizations wanting to be strategic in
determining improvement efforts.
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Figure 8: Contributing organizations for beach cleanup datasets. Logos and photos courtesy of Save Our Shores,
Debris Tracker, Ocean Conservancy, Surfrider, and the NOAA Marine Debris Monitoring and Assessment Project.
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Section 3: Activities Resulting in Trash on Beaches:
What activities contribute most to beach litter?

Human activities result in mismanaged trash and debris found on beaches. We identified seven primary
activities resulting in marine debris: Eating and Drinking, Smoking, Dumping and Disaster,
Personal Hygiene, Fishing, Recreation, and Various. Activities contributing to marine debris may
take place on the beach, inland, or out at sea.

Eating and Drinking: Eating and drinking activities included trash resulting from snacks,
picnics, beach cookouts, parties, and carry-out food. Trash categories associated with eating and
drinking included utensils and plates, take-out food containers, bottles, straws, and wrappers.

Smoking: Trash left behind from smoking cigarettes, cigars, and vaping included butts,
packaging, containers, and other smoking items.

Dumping and Disaster: Industrial and household waste dumping includes trash that may
originate from unintentional or illegal dumping. This category also includes items resulting from
storm damage, coastal erosion, or degrading harbors. Items include appliances, construction
material, and tires.

Fishing: Fishing included both recreational and commercial abandoned, derelict of otherwise
lost fishing gear or equipment found on the beach such as buoys, fishing line, crab traps, or net
material.

Personal Hygiene: Personal hygiene items included any personal protective or sanitary products
used to keep safe and clean such as masks, gloves, condoms, and diapers.

Recreation: Items associated with recreation on the beach or elsewhere (other than sport fishing)
included balloons, toys, clothing, and dog waste bags.

Various: Trash that could have originated from one of the other six activities, thus various
activities. Examples include packaging that could not be identified with a more specific activity or
fragmented pieces of plastic, glass, or metal.

3.1 Methods

We harmonized the trash categories used for recording trash data for each of the five datasets into seven
activities and 41 common categories. For additional information on the harmonization process and the
use of the Trash Taxonomy Tool as an aid, see Appendix A. Using the harmonized data from the
combined datasets, we used R software for statistical computing and graphics (R Core Team, 2021) to
summarize the counts for the total number of trash items for each activity and for each category of trash
collected and tabulated during cleanups. We did not have a methodology for estimating “unreported”
trash from cleanups performed regularly on beaches by municipalities or California State Parks or
sporadically by individuals.

Although the harmonization effort allowed for the creation of common categories between datasets,
categories did not perfectly align in all cases. Two types of alignment issues occurred: 1) combined items
in a dataset were counted in only one category; or 2) not all datasets contained items in all of the
categories developed (the item was likely counted during a cleanup in a more general category such as
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“other.”) An example of combined items occurs in the Debris Tracker dataset, where cigarette butts and
cigar tips were combined into a single item. In this case, we counted the combined item in the “cigarette
butts” category, the larger of the two categories. We estimated the number of cigar tips undercounted
based on the proportions in other data sets, finding this underestimation was only one cigar tip. The
second type of alignment issue occurred when a category was not included in a data set. This occurred
for “Take-Out Food Containers,” which were not included in MDMAP, and “Fireworks,” not included in
MDMAP or in the Debris Tracker. We determined that we would correct for these differences if they
were substantial by using the percentages from the other datasets to move items from where they would
have been counted into the identified category. However, this correction was not applied because after
the analysis, we found the differences were minor and would have been time consuming to compute. As
a result, some of the categories are somewhat underrepresented.

3.2 Results

The three activities contributing to the largest counts of the trash items found on beaches were Various
(42.5%), Eating and Drinking (27.9%), and Smoking (24.5%) (Figure 10, Table 2). The remaining
four activities combined contributed to only 5% of trash items collected during beach cleanups: Personal
Hygiene (1.7%), Recreation (1.4%), Dumping and Disaster (1.1%), and Fishing (0.8%).

Trash items were put into the Various activity class for three reasons: 1) the trash item could have
resulted from more than one activity, 2) trash items not distinguished and classified as “other” were
included in Various, or 3) the trash item was a broken piece of something and could not be further
identified. An example of number one was the “packaging” category that included items such as foam,
plastic, and paper packaging that could have resulted from eating (foam or plastic food packaging) or
recreation (a toy box or broken bodyboard). As an example of number two, the term “other” was used as
a catch all phrase in datasets for items not fitting listed categories and included items identified in the
dataset as other plastic, other cloth, other glass, other metal, and other rubber. Examples of number
three include broken pieces classified in the data sets as fragments, including plastic, foam, rubber, and
glass fragments.

The largest number of surveyed trash items resulted from Various activities (# items=425,143, 42.5%).
More than half the items included in this activity were “plastic fragments” (# items=260,613, 25.9%).
Fragmentation suggests plastic items that have broken down and are no longer recognizable as an object.
These items had been broken into pieces or fragments, through abrasion on beach sand, degradation as
they traveled across the landscape, or tumbled through waterways to the ocean. Fragmented items may
have traveled a long distance from the land or ocean-based activities where they originated as waste.
These frag