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Abstract

Marine debris (MD) (plastics, glass, rope, human waste, etc. that made its way into the ocean) is

polluting the ocean and the shores across the world. This is a significant ecological concern due

to its negative impacts on wildlife. This study focuses on marine debris on the shores of Argyle

Spit and Eagle Cove, comparing the intertidal zonations, high, medium, and low, with the

abundance of debris in those zones. Argyle Spit had a significant p-value when finding the most

abundance of MD in the high-intertidal. Argyle Spit had a high amount of debris in the

high-intertidal, but Eagle Cove did not have a significant enough p-value to say whether MD was

most abundant in the high-intertidal. This is important because more MD in the high-intertidal

zone can tell us how different species living in these intertidal zones at those two beaches may be

more likely to interact with the MD. This can look like seabirds, sand fleas, or other

high-intertidal organisms living in the same environment as MD and ingesting or absorbing the

fragments and/or chemicals when exposed.

Introduction

Human-produced waste exceeds millions of tons every year (Salazar et al., 2022; Weideman, et

al., 2020) worldwide, and a large proportion of this enters ocean waters as marine debris (MD),

creating health risks issues for many marine organisms like loss of energy, abrasion, reaction

time reduction, entanglement, choking, and death (Omeyer, et al., 2023). Harmful impacts of

MD include risks to marine megafauna like seals, whales, and turtles that can be entangled in

debris on their extremities or can ingest this debris (Omeyer, et al., 2023). In the intertidal zone,

seabirds, and many invertebrates ingest or associate with MD and can absorb the chemicals

created by the debris, causing them to have an increase in health issues (Weideman, et al., 2020).
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Important intertidal species such as the anemone Bunodactis reynaudi sea anemones have been

documented ingesting large amounts of plastic, and in a 4-year survey, approximately 491 pieces

of litter were ingested in total by thousands of Bunodactis reynaudi in False Bay, South Africa,

with the majority of it being flexible plastics (Weideman, et al., 2020). Understanding that

flexible plastics were most abundant in interactions between Bunodactis reynaudi and MD can

help support the knowledge of how organisms and MD interact in the intertidal. Another study in

Korea focused on MD impacts on 21 marine intertidal species, mostly birds, and many of the sea

birds were impacted with fish hooks and lines (Hong et al., 2013). The sea anemones, sea birds,

and other marine invertebrate's interactions with MD are all examples of negative impacts on

marine species in the intertidal zone from MD.

Sea surface currents and wave action move much of this MD across large portions of the ocean

to areas at great distances from where the debris was originally deposited (Iskandar, et al., 2021;

Murray, et al., 2018). Studying the conditions bringing MD to shore can be useful in the removal

of debris to avoid further impacts on the intertidal and oceanic environments. Tracking the

locations of MD can help environmental agencies focus their energy into mitigation efforts

(Iskandar, et al., 2021). This information helps us understand how MD is ending up on shores

across the world and if certain conditions may impact the abundance of MD. The goal of

research studies like these is to avoid the interaction of marine organisms and MD due to

negative health impacts.

The zonation of MD and where it may collect on the shores of San Juan Island, Washington

(SJI) is interesting and can bring conclusions to other studies about how organisms interact with

MD. This study focuses on the distribution of MD on the shores of Argyle Spit and Eagle Cove.

It is expected that the density of MD is greater in the high-intertidal than the mid and

4



low-intertidal at both locations. Where in the intertidal zone is MD most abundant for Argyle

Spit and Eagle Cove? This present study will compare the high-intertidal, mid-intertidal, and

low-intertidal and the density of MD in each intertidal zone. The hypothesis for this study is that

the high-intertidal zone will have a greater abundance of MD when compared to the

mid-intertidal and low-intertidal zones of Argyle Spit and Eagle Cove. Each location will be

assessed separately.

Methods

Observational study preparations

Materials used were trash bags to collect trash after the study, 0.25 m2 quadrat to study a given

section, and a field notebook and pen for notes. A satellite image of Argyle Spit and Eagle Cove

was screenshotted from Google Maps to plot the study area, then the beach was divided into

equal sections of approximately 8 m2. This was done on an iPad and 135 equal sections for

Argyle Spit and 64 equal sections for Eagle Cove were hand-drawn using personal judgment.

Twenty sections were randomly selected to survey for MD. This was done by numbering each

drawn section from the satellite image and then using a random number generator to decide

which sections would be surveyed. Figures 1 and 2 show satellite images of each location and

how it was divided up in preparation for the survey. The top two rows are considered the

high-intertidal zone, the middle two rows are the mid-intertidal zone and the bottom row is the

low-intertidal zone. The lack of equipment to exactly section each area equally on the given

beach and pinpoint the exact location on the beach that is highlighted in purple on the satellite

image may cause the areas surveyed to be estimated based on the image and personal perspective

when present on the beach to determine the exact placement of each section.
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Fig. 1: Argyle Spit (48.52089° N, 123.01185° W) split into 135 approximately 8 m2 sections that

were randomly selected using a number generator and surveyed in the field. Highlighted areas

were partially surveyed with a 0.25 m2 quadrat.
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Fig. 2: Eagle Cove (48.46148° N, 123.03245° W) split into 64 approximately 8 m2 sections that

were randomly selected using a random number generator and surveyed in the field. Highlighted

areas were partially surveyed with a 0.25 m2 quadrat.

Data Collection

Twenty 0.25 m2 sections were surveyed at each location. One 0.25 m2 was surveyed in each

selected 8 m2 section (figures 1 and 2, purple dots highlight selected areas) using the quadrat. In

a given selected section, a quadrat was set down, and MD was considered a part of the

observational study if it was inside the physical quadrat or touching any area of the quadrat. In

each quadrat, MD was collected and counted for each piece of MD that was seen and able to be

collected using hands. Anything unable to be collected was not counted towards the total number

of pieces of debris in this study and was left on the beach. In a cobblestone, gravel, or

log-abundant area, surface-level rocks or logs were moved to assess if other debris may be in the

quadrat. There was no digging in the substrate for debris. Collections were placed in a trash bag

to clean the beach while doing this study. This was repeated for each section for both beaches.

Some bias that may have occurred in this study was when personal judgment was being used

while being present on the beach to estimate the placement of each number section based on the

satellite images. Then, a spot in each section was chosen to place the quadrat.

Data analysis

After data collection, data was recorded and graphs were created on Google Sheets. Graphs were

edited using the CollaNote app on iPad to add the title, x and y titles, and variable titles to make

it well displayed. P-values were added to the graphs as well (figures 4 and 6) Data was recorded

and analyzed for where the intertidal (zonation) section was studied and the number of pieces of

7



MD in each quadrant in that section. ANOVA was used for the stats test for each beach’s data.

This one was most suitable for the study because there were three independent variables,

high-intertidal, mid-intertidal, and low-intertidal zones (the treatment variables), and one

dependent variable, the number of MD. This matches the hypothesis; comparing the

high-intertidal, mid-intertidal, and low-intertidal and the density of MD in each intertidal zone.

An ANOVA was run using Social Science Statistics, one one-way ANOVA calculator, and Tukey

HSD (https://www.socscistatistics.com/tests/anova/default2.aspx). The ANOVA helped find the

p-value of the data and determine significance. The Tukey HSD provided comparisons between

the high and mid, high and low, and mid and low-intertidal zone data and shared the p-value

significance. Data was entered into “treatment” sections: treatment 1=high-intertidal, treatment

2= mid-intertidal, and treatment 3= low-intertidal. Then, each of the sections surveyed that are in

a given intertidal zone had a number of MD in each of them, which was added to the treatment

section data. Two ANOVAs were run, one for Argyle Spit and one for Eagle Cove. The Social

Science Statistics website automatically used a Tukey HSD test with the ANOVA information to

give p-values for significance between the different intertidal zones.

Results

When running the one-way ANOVA test for Argyle Spit, the p-value is 0.0021, showing its

significance. Figure 3 shows the data results from the stats test. Figure 4 shows the number of

pieces of MD in each intertidal zone for Argyle Spit. One-way ANOVA had a p-value of

0.002074 and the Tukey HSD showed T1=high-intertidal, T2= mid-intertidal, and T3=

low-intertidal. The comparison of abundance of MD between high and mid-intertidal

(p=0.00339), and high and low-intertidal (p=0.0028) is significant, but between mid and

low-intertidal (p=0.99549) is not significant.
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Fig. 3: Argyle Spit (48.52089° N, 123.01185° W) data after running one-way ANOVA and Tukey

HSD. T1=high-intertidal, T2= mid-intertidal, and T3= low-intertidal.
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Fig. 4: Abundance of MD in each intertidal zone at Argyle Spit. The high-intertidal zone is

significantly more abundant.

For Eagle Cove, data ran through the same ANOVA process and Figure 5 shows the p-value was

0.054226 and is not significant. Eagle Cove’s One-way ANOVA had a p-value of 0.054226. The

comparison between high and mid-intertidal (p=0.10773), high and low-intertidal (p=0.10646),

and mid and low-intertidal (p=0.99998) are not significant. Figure 6 shows the number of pieces

of MD in each intertidal zone and the p values for relationships between intertidal zones.
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Fig. 5: Eagle Cove (48.46148° N, 123.03245° W) data after running one-way ANOVA and Tukey

HSD. T1=high-intertidal, T2= mid-intertidal, and T3= low-intertidal

Fig.6: Abundance of MD in each intertidal zone at Eagle Cove. The high-intertidal is more

abundant in the number of pieces overall, but not statistically significant.
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The hypothesis is that the high-intertidal zone will have a greater abundance of MD when

compared to the mid-intertidal and low-intertidal zones of Argyle Spit and Eagle Cove. This was

correct for Argyle Spit and can be said in confidence due to the significant p-value. Eagle Cove

did not have a significant p-value for the most abundance of MD in the high intertidal so the

hypothesis cannot be accepted for that location. These results were partially expected based on

personal experience while being on a beach. I expected both beaches to have a high significance.

Discussion

After observing the two locations on SJI for MD, there is significant evidence for MD abundance

being higher in the high-intertidal than other intertidal zones from Argyle Spit, but not from

Eagle Cove. One potential explanation for this result could be because there were 64 sections in

Eagle Cove, but 135 sections at Argyle Spit; that is nearly double the amount of space studied.

This was not intentional, but rather based on the size of the natural space on that beach. This

could have skewed results since 31 percent of Eagle Cove was surveyed, while Argyle Spit was

only 15 percent. Another aspect that may have not provided accurate results is that MD was

accounted for when it was able to be hand-picked from the quadrat, not accounting for many of

the smaller debris, like microplastics. Another portion of this problem with accuracy is that only

60 to 100 percent of plastics are detected based on the observer and biological material that is on

the beach which may make it hard to find certain colored MD (Lavers et al., 2016). Many other

studies do not account for microplastics or other smaller debris. This comes from studies

mentioned by McWilliams et al. (2018) that used camera imaging to survey areas of beaches, but

the cameras do not have the resolution to pick up on MD that small. This information is useful

and can contribute to the conversation of improving methods of observational studies on MD.
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If this study were reproduced or continued, some changes may be appropriate to create a more

equal comparison between the two locations. Either determining a percentage of area to

cover/study for Argyle Spit and Eagle Cove or finding a different location to study that is similar

in size to another. One or both of these options may be more appropriate and change the data to

be more accurate and have different results. These results could show the significance for Eagle

Cove in the future. Another change could be the size of the quadrat used and how each section of

the beach can be surveyed. One option could be to do a 1m2 sized area in a given section, rather

than a 0.25m2 area. Lastly, another change would be to be more accurate when sectioning the

satellite imaging. The sectioning of the image was estimated to be the same size, but no formal

measurements were made. Some possible ways to be more accurate with this is to have some sort

of computer program that can do this for you, or do some measuring in the field and divide

accordingly using more mathematical strategies.

This observational study can contribute to the conversation in understanding if the placement of

MD on the shore can help us understand what species may be more impacted by the MD. Species

are being negatively impacted by MD on shores, and this can create bigger environmental issues

for that beach. Another aspect of why MD is an issue is the seafood industry. People are

consuming many crustaceans and bivalves across the world and when they are ingesting

microplastics, they can give health risks to people who are consuming them (Thushari, et al.,

2017). These impacts are making their way up the food web and affect all animals.
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