


Introduction to the U.S. Virgin Islands Marine
Debris Curriculum

Marine debris is a pervasive, global problem and one that is felt locally in the U.S. Virgin Islands
(USVI). As part of a National Oceanic & Atmospheric Administration (NOAA) Marine Debris Program
Prevention grant, “Pride in Our Seas, Pride in Ourselves: Preventing Land-Based Sources of Marine
Debris in the U.S. Virgin Islands through Educational Transformation and Community Engagement”
(NA16N0S9990133), we adapted, revised, and shared Oregon Sea Grant's Marine Debris STEAMSS
(Science, Technology, Engineering, Art, Math, and Social Studies) curriculum for the U.S. Virgin
Islands, as well as adapted NOAA curricula from “Turning the Tide on Trash” and “Talking Trash and
Taking Action.” Eleven, USVI-specific, place-based lessons were adapted and included in the final
curriculum. The finalized curriculum also includes 15 spotlights, which highlight USVI-specific marine
debris research, local researchers, community-led prevention efforts (including Community Transfer
Projects funded through this grant), and natural disaster impacts from marine debris, specifically
Hurricanes Irma and Maria, which impacted the U.S. Virgin Islands community as two category 5
storms in September 2017, midway through the project. The curriculum includes original pictures and
graphics created and contributed by the Project Team for the U.S. Virgin Islands.

The curriculum was co-created with the input of 61 educators from the USVI who participated in

two NOAA- and Virgin Islands Established Program to Stimulate Competitive Research (VI EPSCoR)-
funded Marine Debris Educators Workshops in 2016 and 2018. Additional input was gathered
following in-class use and from teachers who participated in VI EPSCoR’s Summer STEM Institutes
for Teachers in 2017 and 2018, led by the Virgin Islands Institute for STEM Education Research &
Practice (VI ISERP). Educators from eleven public schools and six private schools on St. Thomas and
St. Croix participated in the Marine Debris Educators Workshops, along with the faculty, staff, and
undergraduate and graduate students from the University of the Virgin Islands (UVI), the territorial
STEM director, and individuals from the Virgin Islands Marine Advisory Service (VIMAS), VI EPSCoR,
the Virgin Islands Department of Planning & Natural Resources Division of Coastal Zone Management
(DPNR CZM), the Virgin Islands Waste Management Authority, the Virgin Islands Children’s Museum,
and the Youth Rehabilitation Center on St. Croix. Contributions from all of these individuals greatly
enhanced this curriculum and highlighted the need for culturally-relevant, place-based curricula in
USVI schools. For example, local educators shared the value of having a printed rather than electronic
resource that highlighted local information, pictures, and resources (hence, the incorporation of the
15 spotlights included with the lesson plans).

This place-based curriculum uses local examples, which are important when teaching about ideas
that are location dependent. For instance, when teaching about water flow, discussing how a
snowpack melts in the spring and changes water flow only makes sense in places that receive snow.
Using snow as an example in a place that never sees it, like the USVI, is asking learners to extrapolate
without experience to fall back on. Instead, using a locally-relevant example, like the influences

of hurricanes or the rainy season on water flow, is more appropriate and engaging. Additionally,
culturally-relevant aspects of the curriculum are important for learners to make connections to the
curriculum. This includes things like incorporating local vernacular and references to culturally-
important places or events. For instance, in the USVI, ephemeral streams are locally called “ghuts.”
The modifications we made were to incorporate USVI ecological examples, integrate culturally-
important places and events, utilize local vernacular, and include local images of people and places
in USVI. We have provided links to additional resources and the original curriculum at the top of each
lesson plan.


https://marinedebris.noaa.gov/prevention/pride-our-seas-pride-ourselves-preventing-land-based-sources-marine-debris-us-virgin
https://marinedebris.noaa.gov/prevention/pride-our-seas-pride-ourselves-preventing-land-based-sources-marine-debris-us-virgin
https://oregoncoaststem.oregonstate.edu/marine-debris-steamss
https://marinedebris.noaa.gov/turning-tide-trash
https://marinedebris.noaa.gov/talking-trash-and-taking-action
https://marinedebris.noaa.gov/talking-trash-and-taking-action

This project has successfully engaged the broader USVI community in marine debris education and
prevention activities, and shared its goals and outcomes widely, many of which are highlighted in the
15 spotlights included in this curriculum, which were shared at the Sixth International Marine Debris
Conference in San Diego, CA in March 2018. These highlights provide local examples of the work
being done to understand, document, and prevent marine debris across the territory. This curriculum
would not have been created without the support and input of the Virgin Islands community, Oregon
Sea Grant, and funding from the NOAA Marine Debris Program and VI EPSCoR. We hope this curricula
will be used and shared broadly to inspire coastal stewards of all ages, especially those of the

next generation, to do what they can to prevent marine debris and to care for the coasts that we so
treasure here in the U.S. Virgin Islands.

With many thanks,
The Project Leadership Team
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U.S. Virgin Islands educator, Ann Marie Gibbs, shares her Community Transfer Project experience in a panel at the 2018 Marine Debris
Educators Workshop (Photo credit: Kristin Wilson Grimes).

Fishing nets like this one, are a type of marine debris. The photo was taken in the St. Thomas East End Reserves, a marine protected
area and NOAA priority watershed, on the east end of St. Thomas (Photo credit: Kristin Wilson Grimes).
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U.S. Virgin Islands Marine Debris Curriculum

Composition & Abundance

LESSON: Beach Box Exploration

The activities in this lesson were modified with permission from Oregon Sea Grant’s “Creating and Using Beach Boxes”
activity from the Marine Debris STEAMSS (Science, Technology, Engineering, Art, Math, and Social Studies) curriculum
(https://oregoncoaststem.oregonstate.edu/sites/oregoncoaststem.oregonstate.edu/files/MD/beach-boxes.pdf).

Grade Levels: 5-8
Subject Areas: Marine Biology: Debris Sources, Ecology

NGSS Connections:
+ MS-ESS3-3:

0 Apply scientific principles to design a method for
monitoring and minimizing a human impact on
the environment.

0 ESS3.C: Human Impacts on Earth Systems -
Human activities have significantly altered the
biosphere, sometimes damaging or destroying
natural habitats and causing the extinction
of other species. But changes to Earth’s
environments can have different impacts
(negative and positive) for different living things.

0 ESS3.C: Human Impacts on Earth Systems -
Typically as human populations and per-capita
consumption of natural resources increase,
so do the negative impacts on Earth unless
the activities and technologies involved are
engineered otherwise.

+ Appendix F: Science & Engineering Practices

Time: Half day for beach cleanup (optional), one class
period for in-class activity and discussion.

Description & Objectives: Utilizing field work and in-class
activities, students will learn to identify, sort, and classify
marine debris in the U.S. Virgin Islands. They will learn

to identify and classify common marine debris through
analyzing and/or collecting samples.

Guiding Questions:
+  What is marine debris?
+  Where is marine debris found?
« What physical traits do marine debris materials have in
common?

Key Ideas & Concepts:

+ Marine debris is any persistent solid material
manufactured or processed that is then disposed of or
abandoned in the marine environment.

+ Marine debris exists both where we can easily see it
(beaches, wrack lines on the beach) and cannot easily
see it (ghuts leading to the beaches or under the sand
and the surface of the water).

+ Marine debris is mostly plastic.

*  Most marine debris comes from land-based sources
(us!).

Pre-Requisite Skills: Students will need to understand the
basics of what makes up different materials (e.g., plastics,
natural materials) and the general idea of marine water
movements (i.e., tidal activity, circulation).

Teacher Preparation: There are three options for
completing this activity:
1. Students create beach boxes in class after attending a
beach cleanup;
2. Students co-create beach boxes with their parents
using common marine debris items found at home;
3. Teachers create the boxes for students. For classes
unable to attend a cleanup prior to the lesson, fill a
shoebox sized container with either decorative sand,
small rocks or gravel, or dirt and a variety of debris
materials that are found on territory beaches. Make
enough beach boxes so groups of 3-5 students can
explore each box.

Materials Needed:
+ Classroom set of shoebox-sized containers with lids
(plan for 3-5 students to one container)
+ Gloves (each student needs at least one)
+  Tweezers and magnifying lenses
+ Marine debris (collected by students in options 1 & 2
or by teacher in option 3, prior to the lesson):

0 Items should be representative of the debris
commonly found in the area (plastic bottles/
packaging/caps, metal pieces/bottle caps, fishing
line/rope, rubber, food packaging/wrappers/
bags, cigarette butts, straws, misc. small plastic
pieces)

+ Natural products (collected by students in options 1 or
2 above, or by teacher prior to the lesson):

0 Items should be representative of the natural
debris commonly found in the area (dried algae,
shells, seeds, leaves, coconut husks, food waste,
woody debris)

+ Hand soap or hand sanitizer to be used after beach
cleanup activity or after making the beach boxes

+ Debris sorting worksheets and pencils (1 per group, at
end of lesson instructions)

+ Additional boxes, paper plates, or trays for sorting
debris

Teacher Instructions: This activity is intended to be an
engagement and introductory lesson to marine debris. As
such, there is no formal worksheet associated with this
activity. However, you should encourage your students

to make notes about what types and how much marine
debris they find and to record their observations about
what they are seeing. This can be done on loose leaf paper
or in a formal lab notebook. There are three options for
completing this activity.
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U.S. Virgin Islands Marine Debris Curriculum

In-class discussion: Start by having an in-class discussion
about what makes up marine debris.

* Guiding Questions: What do you think marine debris
is? Do people in the Virgin Islands need to worry about
this or not? Where can you find marine debris? What
or who do you think creates marine debris in the Virgin
Islands?

Create beach boxes (this can be done in 3 ways):

1. Students create their own boxes at a beach cleanup.
Have the students attend a beach cleanup. While at
the beach give a shoebox to each small group (3-5)
of students and ask them to collect things they are
seeing/finding on the beach. Additional directions:

a. Try to reduce the amount of sand collected. Have
students shake off items before placing them in
the bin.

b. Instruct students to collect both marine debris
items and natural products representative of
what's actually on the beach (see the “Materials
Needed” list above for examples).

c. Safety check:

i. Give students gloves for handling debris and
bring hand sanitizer/soap to clean up with
afterwards

Composition & Abundance

An example of a beach box used at the STEAM Fair hosted by the
Department of Education. This box contains sand on the bottom along
with commonly found items during beach cleanups in the U.S. Virgin
Islands (Photo credit: Howard Forbes, Jr.).

ii. Avoid dead things, sharp or hazardous objects (glass/metal), fishing hooks, and personal hygiene items.

2. Students create their own boxes with their families at home. Provide students with an empty shoe box or reusable
container to take home. Together with their family, students add items to the box that they think are marine debris.
Students can be given a few days to gather enough supplies.

3. Teacher creates boxes for the students to use in class. For classes unable to attend a cleanup prior to the lesson, fill a
shoebox-sized container with either decorative sand, small rocks, gravel, or dirt and a variety of debris materials that
are found on territory beaches. Make enough beach boxes for groups of 3-5 students to explore.

Beach box sorting: In the classroom, using gloves and additional boxes, plates, or trays, have each group sort debris from
a beach box into two piles: human-made and natural materials. If boxes were acquired by the students, have the groups
trade boxes so that they are not sorting their own materials. When sorting is done, have a discussion about their debris

groupings.

An example of sorting boxes used where participants sorted marine
debris (left) versus natural debris (natural) items (right) (Photo credit:
Howard Forbes, Jr.).

+ Guiding Questions: What makes something human-
made vs. natural? How can you tell when you find
something which type of debris it is? What traits
(evidence) did you use to decide this? Which piles
seem to have more debris?

After sorting between human-made and natural materials,
students sort the human-made materials by physical
characteristics using the Marine Debris Sorting Worksheet.
Ask them to record how many of each type they obtain.

+ Guiding Questions: What characteristics/traits did
you use to determine what made something marine
debris? Did you detect any similarities or patterns in
things in your box? Were you surprised to find objects
in the box? How do you think your items got on the
beach?

Teacher Notes:

+ Some areas require special permission to walk
through and collect data. If you are doing a beach
cleanup, find out if the beach is in a protected area or
if access is part of a private property. You may need to
get special permits or permission to have cleanups in

12



U.S. Virgin Islands Marine Debris Curriculum Composition & Abundance

« Following the activity, materials can be responsibly discarded according to waste disposal guidelines, or they may
be stored for repeated use of this activity with other classes or for another activity with the same class (See Lesson:
Making Connections Through Art).

+  For more information about marine debris researchers and trends in the U.S. Virgin Islands, please see Researcher
Spotlight: Zola Roper, Masters of Marine & Environmental Science student, University of the Virgin Islands and Spotlight:
Common Marine Debris Items in the U.S. Virgin Islands.

U.S. Virgin Islands educators and University of the Virgin Islands Masters of Marine & Environmental Science alumni,
Akacia Halliday, explore beach boxes with Howard Forbes, Jr. St. Thomas/St. John Coordinator for the Virgin Islands
Marine Advisory Service, at the 2016 Marine Debris Educators Workshop (Photo credit: Kristin Wilson Grimes).

A variety of natural and marine debris items from Hassell Island (Photo credit: Kristin Wilson Grlmes)
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Marine Debris Sorting Worksheet

Use this worksheet to sort your sample into the following eight categories.
(Most appropriate for debris <2.5cm)

Pellets

Fragments
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SPOT

LIGHT

Zola Roper, former Masters
of Marine & Environmental
Science student, University
of the Virgin Islands

My name is Zola Roper. | was born and raised on the
island of St. Thomas, U.S. Virgin Islands. My first years of
schooling were spent at various public elementary, junior,
and senior high schools and | went to the University of
the Virgin Islands (UVI) for my undergraduate degree.

Currently, | am a graduate student in the Master’s of Marine

& Environmental Science Program at UVI. The focus of my

thesis research is marine debris, a pervasive and important

local environmental issue, that hits close to home. My
thesis examines spatial and temporal trends in a historical,
territory-wide, citizen science-collected marine debris data
set. This marine debris data set, amassed by the Virgin
Islands Marine Advisory Service and Ocean Conservancy,
spans over the past 30 years (1988-2016). You or your
students, might have even helped to collect some of these
data through the Coastweek Cleanups that happen every
fall!

Previously, no one had completed a comprehensive
analysis of these marine debris data. My research will
answer important questions about U.S. Virgin Islands
marine debris abundance, distribution, sources, and
transport. More information about U.S. Virgin Islands
marine debris patterns could lead to new and better
solutions to this problem for the Territory, including
changes to policy and human behaviors to prevent marine
debris production.

In the Fall of 2019, | participated in a two-month internship
with NOAA's Marine Debris Program (MDP) at NOAA
headquarters in Silver Springs, MD, funded by the National
Science Foundation. | was drawn to the MDP because
their expertise would provide me with the opportunity to
(1) augment my current academic research training with
non-academic internship and training opportunities, and
(2) allow me to pursue new activities centered around
acquiring professional development experience that
would help prepare me for multiple career pathways

after graduation, such as potentially working for a federal
agency.

Composition & Abundance

During my two months, | participated in and led ongoing
projects within MDP. The very first week of my internship

| participated in the Marine Debris Operational Meeting
located in Delaware, where | was able to meet the whole
MDP team in person and learn about strategic planning
and ongoing projects. Following the Operational Meeting,

| dove into the Marine Debris Art Contest which included
mailing out the 2020 art contest calendars and preparing
congressional letters for Senators and Representatives
with contest winners in their state. | also began preparing

a marine debris dataset to be displayed on Science on

a Sphere (SOS) which included summarizing various
scientific studies, as well as having fun learning more about
SOS itself. A large focus for the Communications Team

is sharing the work of the MDP and its partners with the
public through a variety of channels. For example, as part
of this Team, | wrote a blog about the new updates to, and
successes of, the Marine Debris Tracker App. During the
last weeks of my internship, | took on the task of submitting
weekly summaries of MDP team member activities to
NOAA’s Office of Response and Restoration. Finally, | had
the unique chance to volunteer at the 2019 International
Coastal Cleanup at Kingman Island, Washington D.C.,

learn about the Marine Debris Monitoring and Assessment
Project protocols, and participate in interviews for the
John A. Knauss Marine Policy Fellowship Program (https://
seagrant.noaa.gov/Knauss-Fellowship-Program) placement
week. This Fellowship matches highly qualified graduate
students with “hosts” in the legislative and executive
branch of government located in the Washington, D.C. area,
for a one year paid fellowship.
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As | reflect on my experience with MDP, | would like to highlight that my time as an intern was truly wonderful. | had the
opportunity to learn and be involved with such an enthusiastic, collaborative, and supportive program under NOAA. It was
exciting having the chance to network, not just with members of MDP, but also with other NOAA staff both in Silver Spring
and other locations. Finally, it was amazing being able to participate in activities that are so important in the current
marine efforts worldwide and right here, in the U.S. Virgin Islands.

For more information about some of the topics mentioned in Zola's spotlight, please visit the websites below:

NOAA’s marine debris art contest: https://marinedebris.noaa.gov/outreach/artcontest.html

NOAA's science on a sphere: https://sos.noaa.gov/What_is_SOS/

Blog: Marine Debris Tracker App Reaches a Data Milestone: https://blog.marinedebris.noaa.gov/marine-debris-
tracker-app-reaches-data-milestone

Marine Debris Tracker App: https://marinedebris.noaa.gov/partnerships/marine-debris-tracker

NOAA's Marine Debris Monitoring & Assessment Project: https:/marinedebris.noaa.gov/research/monitoring-toolbox
NOAA’s John A. Knauss Marine Policy Fellowship Program: https://seagrant.noaa.gov/Knauss-Fellowship-Program
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Common Marine Debris
Items in the U.S. Virgin
Islands

Recently, former University of the Virgin Islands Masters
of Marine & Environmental Science student, Zola Roper,
has examined more than 30 years of marine debris data
collected by the U.S. Virgin Islands community during
beach cleanup events associated with Virgin Islands
Marine Advisory Service Coastweek events, which happen
every fall. Data are for beaches on the islands of St.
Thomas, St. John, and St. Croix, so they provide a good
picture of marine debris trends across the territory.

What are the most abundant marine debris items we find
along the territory’s beaches? Well, when you look at the
data from 2012-2016 (the years for which we have the most
recent data), you find that the most abundant marine debris
items are pretty much the same, year after year: beverage
bottles (glass or plastic), bottle caps (metal or plastic) and
food wrappers (See Figure 1). The bad news? We find A
LOT of these items - thousands of them in any given year.
The good news? Most marine debris globally, comes from
land-based sources and the data for the U.S. Virgin Islands
certainly supports that trend. That means we have a shot at
reducing marine debris in the territory if we consume fewer
single-use items (like plastic beverage bottles), and make
sure that the waste we create gets disposed of properly in
waste bins, rather than left on the beach, thrown out a car
window, or tossed on the ground. This includes properly
disposing of waste at important public cultural events like
Carnival and the St. Croix St. Patrick’s Day Parade. We can
make a difference, if we all do our part!

Composition & Abundance

T A T :
3 L5

bottle caps, like this one pictured at Magen’s Bay on St. Thomas,
are a commonly-found marine debris item on U.S. Virgin Islands
beaches (Photo credit: Kristin Wilson Grimes).

Pkt

Important cultural events like Carnival on all three islands and the
St. Patrick’s Day Parade on St. Croix (pictured), have the potential to
produce marine debris, if trash items are not properly disposed of in
waste bins (Photo credit: Kristin Wilson Grimes).
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The total number of marine debris items collected from U.S. Virgin Islands beaches for the years 2012-2016. Only the
top 5 items (by number) found in each year are included here, for simplicity (Figure courtesy of Zola Roper, data from the
International Coastal Cleanups for the U.S. Virgin Islands).
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Composition & Abundance

LESSON: Investigating Oceanic Garbage

Patches

This lesson was modified with permission from Oregon Sea Grant’s “Investigating the Great Pacific Garbage Patch”
activity from the Marine Debris STEAMSS (Science, Technology, Engineering, Art, Math, and Social Studies) curriculum

(https://oregoncoaststem.oregonstate.edu/marine-debris-steamss/md-grades-9-12/composition-and-abundance).

Grade Levels: 5-12
Subject Areas: Marine Biology: Debris Sources, Ecology

NGSS Connections:
+ MS-ESS3-3:

0 Apply scientific principles to design a method for
monitoring and minimizing a human impact on
the environment.

0 ESS3.C: Human Impacts on Earth Systems -
Human activities have significantly altered the
biosphere, sometimes damaging or destroying
natural habitats and causing the extinction
of other species. But changes to Earth’s
environments can have different impacts
(negative and positive) for different living things.

0 ESS3.C: Human Impacts on Earth Systems -
Typically as human populations and per-capita
consumption of natural resources increase,
so do the negative impacts on Earth unless
the activities and technologies involved are
engineered otherwise.

+ HS-ESS3-3:

o ESS3.C: Human Impacts on Earth Systems
- The sustainability of human societies and
the biodiversity that supports them requires
responsible management of natural resources.

+ Appendix F: Science & Engineering Practices

Time: 1-2 class periods

Description & Objectives: Students will learn about what
happens to floating marine debris (surface, near surface,
and in the water column) that doesn't get collected during
beach cleanups. They will apply knowledge of oceanic
water movement to understand why trash gets trapped in
specific areas in the Atlantic and Pacific Oceans. Students
will interpret maps published in news articles. This also
tests students reading comprehension skills.

Guiding Questions:
+ What is marine debris?
* Where is marine debris found?
+  What physical traits do marine debris materials have in
common?

Key Ideas & Concepts:

+ Marine debris is any persistent solid material
manufactured or processed and then disposed of or
abandoned in the marine environment.

+ Marine debris exists both where we can easily see it
(beaches and wrack lines on the beach) and cannot

easily see it (ghuts leading to the beaches, in the sand
and on or under the surface of the water).

Marine debris is mostly plastic.

Most marine debris comes from land-based sources
(us!).

Pre-Requisite Skills: Students will need to understand the
basics regarding the chemical makeup of plastic and a
basic understanding of ocean circulation.

Teacher Preparation:

To prepare for this topic, it may be good to review a
few articles about oceanic garbage patches and the
NOAA Garbage Patches Fact Sheet (included).

There has been some misinformation about oceanic
garbage patches. Some individuals tend to over-hype
the size of the patches. While sizable and not a natural
part of the environment, you cannot see the patches
from a satellite, nor are they the size of Texas, nor can
you walk across them (particles are dispersed through
the upper part of the water column).

Additionally, it may be helpful to review basic ocean
circulation. The Boundary Currents page of the NOAA
National Ocean Service provides a great refresher

on the forces that create Oceanic Gyres (included).
However, the entire tutorial may be a useful resource
for you if you wanted to cover currents in more detail
in your classroom.

Students will read a news article about plastics then
answer a worksheet about it.

Materials Needed:

NOAA Garbage Patches Fact Sheet (included at the
end of this lesson)

Oceanic Garbage Patch Worksheet (included at the
end of this lesson)

Computers for students to access this map, or color-
printouts for them to reference: https://bigblueorb.
files.wordpress.com/2011/03/atlantic-trash-chart2.jpg

Transport of Coral Tree after Hurricanes - VI EPSCoR:
https://viepscor.com/news/2017/12/22/coral-tree-
found
Video Links
O “Ocean Heroes: What is a Gyre?”, One World
One Ocean: https:/www.youtube.com/
watch?v=h6i16Crl8ss
0 “What's An Ocean Garbage Patch?”, Discovery:
https://www.youtube.com/watch?v=J-gqJAsXiKQ
0 “TRASH TALK: What is the Great Pacific Garbage
Patch?”, NOAA Marine Debris Program: https://
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marinedebris.noaa.gov/videos/trash-talk-what-great-pacific- garbage-patch-0

O “The Ocean Cleanup launches to the Great Pacific Garbage Patch”, CNET: https://www.youtube.com/
watch?v=nYC4Q-OwcAc

0 “How the oceans can clean themselves: Boyan Slat at TEDxDelft”, TEDx Talks: https://youtu.be/ROW9F-
c0klIQ. The Ocean Cleanup Project Founder Discussing Developing the Idea. This project was developed by an
undergraduate student pictured in the TED talk above and can serve as an inspiration for students to pursue
their ideas.

Teacher Instructions: This lesson will help engage students with understanding what happens to plastic marine debris
that isn’t collected and reused, recycled, or disposed of properly.

In class discussion/lesson: Have a conversation with your students. Share the following information with them:

« There is a great deal of information and misinformation about how much marine debris exists in the open ocean and
how it is distributed.

+ There are oceanic garbage patches in both the North Pacific and North Atlantic Oceans that are being studied by
scientists. Often, it is said that “The Pacific Garbage Patch is twice the size of Texas,” but scientists don’t actually
know for certain how large it is, because it is constantly moving and the amount of marine debris is changing day by
day.

Use videos:
+ Tointroduce the idea of oceanic garbage patches: https://www.youtube.com/watch?v=J-gqJAsXiKQ
+ To explore how water flows around the globe: https://www.youtube.com/watch?v=h6i16CrI8ss
+ To understand how some microplastics move through the oceans: https://marinedebris.noaa.gov/videos/trash-talk-
what-great-pacific-garbage-patch-0

After watching any of the videos, review (or teach) how water moves around the globe (earth movement and wind patterns
contribute to the way water flows).

Reading & worksheet (in class or as homework): Provide students with the NOAA Garbage Patches Fact Sheet (https://

marinedebris.noaa.gov/fact-sheets/garbage-patches-fact-sheet; also included at the end of this lesson) and have
students read the article “Massive North Atlantic Garbage Patch Mapped” (https://www.wired.com/2010/08/atlantic-
plastic/) and/or the “Garbage Patches” (https://marinedebris.noaa.gov/info/patch.html) informational page from the
NOAA Marine Debris Program.

The links to these websites are available here:
+  NOAA Garbage Patches Fact Sheet: https://marinedebris.noaa.gov/fact-sheets/garbage-patches-fact-sheet
+ Massive North Atlantic Garbage Patch Mapped: https:/www.wired.com/2010/08/atlantic-plastic/
+ Garbage Patches: https:/marinedebris.noaa.gov/info/patch.html

Then have the students complete a worksheet (note: there is a different worksheet for grades 9-12).

Assignment follow-up: After your students have completed the worksheet (either in-class or as homework) use these
guided questions to have a discussion. You can summarize their answers on the blackboard/whiteboard.

+  Why do you think some people may exaggerate the size or extent of the garbage patches? Lead them to think about
how this can cause misconceptions about the problem of marine debris and what it looks like (for instance there are
more microplastics, but people tend to focus more on macroplastics).

+ Ask students to think about ways in which plastic or debris from the U.S. Virgin Islands could end up in the North
Atlantic Garbage Patch. Do they think this is possible? How?

Invite students to read the short VI EPSCoR program blogpost on the transport of a coral nursery tree (made mostly
from plastic) from the U.S. Virgin Islands to the Bahamas after Hurricanes Irma or Maria (https://viepscor.com/
news/2017/12/22/coral-tree-found). Then, lead a discussion with them:

* Guided questions: Ask students to reflect on how this method of transport compares to those they just learned
about. This is a good opportunity to lead a discussion on what the important forces are that concentrate marine
debris in oceanic gyres (use information from the NOAA National Ocean Service Boundary Currents page to help
inform your discussion (https://oceanservice.noaa.gov/education/tutorial_currents/04currents3.html).

Ask students to brainstorm ways to convey the problem of marine debris to others in ways that are both compelling, yet
based on accurate information:
+ Students could write up their own news story about marine debris for the school paper.
+ Students could write a script for a radio station PSA about marine debris locally to be played on their school radio
station or during the daily announcements.
+ Students could create an infographic to hang somewhere in the school to educate other classes.

20


https://marinedebris.noaa.gov/videos/trash-talk-what-great-pacific- garbage-patch-0
https://www.youtube.com/watch?v=nYC4Q-0wcAc
https://www.youtube.com/watch?v=nYC4Q-0wcAc
https://youtu.be/ROW9F-c0kIQ
https://youtu.be/ROW9F-c0kIQ
https://marinedebris.noaa.gov/fact-sheets/garbage-patches-fact-sheet
https://marinedebris.noaa.gov/fact-sheets/garbage-patches-fact-sheet
https://www.wired.com/2010/08/atlantic-plastic/
https://www.wired.com/2010/08/atlantic-plastic/
https://marinedebris.noaa.gov/info/patch.html
https://marinedebris.noaa.gov/fact-sheets/garbage-patches-fact-sheet
https://www.wired.com/2010/08/atlantic-plastic/
https://marinedebris.noaa.gov/info/patch.html
https://viepscor.com/news/2017/12/22/coral-tree-found
https://viepscor.com/news/2017/12/22/coral-tree-found
https://oceanservice.noaa.gov/education/tutorial_currents/04currents3.html

U.S. Virgin Islands Marine Debris Curriculum Composition & Abundance

Another discussion option is to ask students to brainstorm ways to keep the ocean’s gyres clean. You can either use the
videos below to stimulate conversation in your class or use the videos to reinforce or contrast the suggestions made by
students in your class.
+ About The Ocean Cleanup Project: https:/www.youtube.com/watch?v=nYC4Q-OwcAc
+ The Ocean Cleanup Project Founder Discussing Developing the Idea: https://youtu.be/ROW9F-cOkIQ This project was
developed by an undergraduate student pictured in the TED talk above and can serve as an inspiration for students to
pursue their ideas.

Additional activities for grades 9-12: Ask your students to research the issue further. Have students investigate the
location and composition of the five ocean gyres. Then, lead them in a discussion using the following guided questions:
+ Does water stay in its own gyre or does it move around the globe? How can they tell?
+  What does this mean in terms of plastics found in the different gyres?
+ Have them look up the differences in the size (surface area and depth) of the five different garbage patch gyres. How
are the patches similar and different? Is there enough information to answer the question? What research needs to
be done? (worksheet included)

Teacher Note:
For more information about plastics in local U.S. Virgin Islands waters, please see Spotlight: Plastics in the Water.

s 1 e = i~ vl

View of the coastal waters of St. Thomas from Hassel Island (Photo credit: Kristin Wilson Grimes).
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Oceanic Garbage Patch Worksheet

1. Where is the North Atlantic Garbage Patch in relation to the USVI (North, South, East or West)?

Go to the following web address to view a map of plastic collected in the Atlantic Ocean:

https://bigblueorb.files.wordpress.com/2011/03/atlantic-trash-chart2.jpg

Warmer colors on this map (red, orange and yellow) indicate where scientists have found high
concentrations of plastic. The black-line contour indicates the boundary of the North Atlantic
subtropical gyre: a part of the ocean bordered by strong currents that collectively flow
clockwise. Most of the trash collected (83%) was found within the North Atlantic subtropical
gyre. Within the gyre, water moves slowly (~2 cm/second).

Use the map image to answer the following questions.

2. If the distance between 20°N and 30°N is approximately 680 miles, how far is the densest part of
the NA Garbage Patch from the USVI, approximately?

a. How canyou tell?

3. If the distance between 70°W and 60°W is approximately 650 miles, how far is the densest part of
the NA Garbage Patch from the USVI, approximately?

a. How canyou tell?

4. Why is it important for the researchers mapping the North Atlantic Garbage Patch to collect data
for multiple years?

5. What impacts do you think having a moving ‘garbage patch’ so close to the USVI means for marine
life and people who need the marine environment to survive?
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Oceanic Garbage Patch Worksheet 9-12

1. Where is the North Atlantic Garbage Patch in relation to the USVI (North, South, East or West)?

Go to the following web address to view a map of plastic collected in the Atlantic Ocean:

https://bigblueorb.files.wordpress.com/2011/03/atlantic-trash-chart2.jpg

Warmer colors on this map (red, orange and yellow) indicate where scientists have found high
concentrations of plastic. The black-line contour indicates the boundary of the North Atlantic
subtropical gyre: a part of the ocean bordered by strong currents that collectively flow
clockwise. Most of the trash collected (83%) was found within the North Atlantic subtropical
gyre. Within the gyre, water moves slowly (~2 cm/second).

Use the map image to answer the following questions.

2. If the distance between 20°N and 30°N is approximately 680 miles, how far is the densest part of
the NA Garbage Patch from the USVI, approximately?

a. How canyou tell?

3. If the distance between 70°W and 60°W is approximately 650 miles, how far is the densest part of
the NA Garbage Patch from the USVI, approximately?

a. How canyou tell?

4. Think about what you've learned about water currents; can marine debris from the U.S. Virgin
Islandsl end up in the North Atlantic Garbage Patch? Why or why not?

a. What about the Pacific Garbage Patch? Why or Why not?

5. What impacts do you think having a moving ‘garbage patch’ so close to the USVI means for marine
life and people who need the marine environment to survive?
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6. How can the way marine debris is described sometimes lead to people developing
misunderstandings about topics that are really important to marine communities?
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What are Garbage Patches?

The term ‘garbage patch’is a misleading nickname

for areas of the open ocean where man-made litter What are the im pa cts of
and debris accumulate. Although many believe g ar ba g e patc h es ?

that garbage patches are "islands of trash" that are ) ) )

o Large accumulations of marine debris can
visible from afar, these areas are actually made up threaten wildlife through entanglement,
ingestion, and ghost fishing, and can be a
hazard to ocean vessels by clogging engines
and propellers. More research is needed to fully
understand the specific impacts of garbage
constantly change size and shape. The items making | patches on both humans and the environment.

up the garbage patches can be found from the

of small plastic pieces, called microplastics, that are
easily missed at first glance, or bundles of derelict
fishing gear. This debris is always moving due to
winds and currents, causing the garbage patches to

surface all the way to the ocean floor.

Garbage patches are created from rotating ocean
currents called gyres. These currents pull debris
into a centralized location, forming ‘patches’

where marine debris accumulates. Although these

patches exist around the world, the most well-
known is the ‘Great Pacific Garbage Patch, located
between California and Hawaii in the North Pacific
Subtropical High.

Marine Debris Program | Office of Response and Restoration | National Ocean Service
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Why don’t we just clean
up the garbage patches?

Cleaning up marine debris found in the open ocean
is not as simple as it may sound. The NOAA Marine
Debris Program instead focuses on the prevention
of marine debris, as well as removal from coastlines
where debris is more accessible. Cleaning the open
ocean would be challenging for several reasons:

Things keep moving. The areas where
debris accumulates move and change
throughout the year as wind and water
currents shift.

They’re really big. These accumulations
of debris are usually very large and debris
is unevenly distributed from the surface of
the water all the way to the ocean floor.

Most of the debris is tiny. The garbage
patches are composed mainly of
microplastics, bits of plastic that are five
millimeters or less in size. Because of their
small size, microplastics can’t be easily
removed from the water column.

It would cost a lot. Collecting and
transporting marine debris from the open
ocean to shore for disposal could be very
costly. Resources can go much farther when
removal is focused along the coast.

How YOU can help!

The best way to prevent large accumulations of debris
from getting larger is to stop debris from entering the
ocean in the first place.

GET INVOLVED
and participate in local cleanups in your
area.

REMEMBER
that our land and sea are connected.

DISPOSE OF WASTE PROPERLY
no matter where you are.

REDUCE
the amount of waste you produce.

REUSE
items when you can. Choose reusable
items over disposable ones.

RECYCLE

as much as possible! Bottles, cans, cell
phones, ink cartridges, and many other
items can be recycled.

H@NOAAMarineDebris ¥ @NOAAdebris @NOAAdebris @ https://blog.marinedebris.noaa.gov/
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Plastics in the Water

Much of our efforts towards removing marine debris

are focused on the areas where we can directly see

their impacts - like the coastline and the ocean surface.
However, as plastic is becoming ever more present in our
society, it is also becoming ever more present in the parts
of the ocean that we don't see. In places like the North
Atlantic or North Pacific Gyres, there are large amounts

of plastic debris, much of it located below the surface

as small pieces that are often invisible to the naked eye.
These small pieces of plastics are called microplastics

and they pose a significant problem to the organisms that
we also cannot often see with the naked eye. These are
part of a group of organisms called plankton which are a
mix of plants, crustaceans, and fish among others, that

live throughout the upper part of the ocean, and drift with
currents as they are not large enough or strong enough to
swim against them. They form the base of the food chain in
the ocean; everything that feeds in the ocean in some way
ingests either these organisms or something that has eaten
them. Zooplankton, or the animals that fit into this category,
are at risk of consuming microplastics as they are often
the same size and shapes as the phytoplankton they eat.
Plastics eaten by these organisms can eventually end up in
the fish we eat.

Some of the more common types of zooplankton collected during the
Brewers Bay Mare Nostrum Ecosystem Analysis Project zooplankton
sampling. Because microplastics are similar to the size of the food that
these animals eat, they can be confused as food and reduce the ability
of these organisms to feed (Photo credit: Mara Duke).

Composition & Abundance

The Neuston net used to collect zooplankton during the Brewers Bay
Mare Nostrum Ecosystem Analysis Project sampling. Along with
zooplankton, we often found microplastics, particularly plastic rope
fibers and plastic fragments (Photo credit: Mara Duke).

As part of a one-year survey to understand the different
types of zooplankton found in the waters surrounding
Brewers Bay, University of the Virgin Islands (UVI) Masters
in Marine and Environmental Science graduate student,
Mara Duke, collected, preserved, counted, and identified the
zooplankton in the upper 10 meters of the water column at
22 locations in Brewers Bay, St. Thomas, using a net towed
behind a UVI research vessel. In addition to discovering
patterns in different types of zooplankton and how the
abundance of individual species were driven by seasonal
differences in environmental variables, like temperature
and salinity, she also often found a variety of microplastics
in her samples. The most common types of microplastics
she found were small plastic fibers and fragmented pieces
of plastic. These likely originated from coastal debris, like
single-use plastic bottles or straws which can degrade

on shore and become brittle and break into much smaller
pieces; or from polypropylene ropes, the bright yellow
ropes commonly used in recreational boating, commonly
called “polypro”, that over time slowly break down and
form small fibers floating in the ocean. The fibers may also
have been the result of the synthetic clothing most of us
wear. All of these materials are now common sights in the
marine environment and are representative of how small
choices we make can lead to large issues in the marine
environment. Remember, even if we cannot see it, marine
debris can impact all organisms in the ocean, big or small.
Making the right choices in the products we use can help
limit the amount of marine debris, especially plastics

entering into our marine environment. o7
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LESSON: A Degrading Experience

This lesson is sourced from NOAA Marine Debris Program’s Turning the Tide on Trash Curricula, lesson three “A Degrading
Experience,” (https://marinedebris.noaa.gov/turning-tide-trash). Most of the guiding questions in this lesson are taken
directly from the NOAA lesson. The lesson has been modified to include locally-relevant examples.

Grade Levels: 5-12 «  Most marine debris comes from land-based sources
Subject Areas: Marine Biology: Debris Sources, Ecolo (us?).
) . &» &» * Natural items and marine debris items degrade and
NGSS Connections: break down over time, but at different rates, especially
* MS-ESS3-3: under different environmental conditions.

0 Apply scientific principles to design a method for
monitoring and minimizing a human impact on
the environment.

o ESS3.C: Human Impacts on Earth Systems -
Human activities have significantly altered the
biosphere, sometimes damaging or destroying

Pre-Requisite Skills: Students will need to understand
the basics of what makes up human-made and natural
products. Students will also need to understand the earth
science cycles: water, nitrogen, carbon, etc., and how
science is a process.

natural habitats and causing the extinction Teacher Preparation:

of other species. But changes to Earth’s - Take care to clean/check trash for safety issues (i.e.,

environments can have different impacts sharp objects/materials and harmful chemicals).

(negative and positive) for different living things. + Part of this experiment takes place outside. Scout a
0 ESS3.C: Human Impacts on Earth Systems - location that will not encourage wildlife interference,

Typically as human populations and per-capita such as a second floor balcony, nor one that will be

consumption of natural resources increase, interfered with by other people.

so do the negative impacts on Earth unless
the activities and technologies involved are
engineered otherwise.
+ HS-ESS3-3:
o ESS3.C: Human Impacts on Earth Systems
- The sustainability of human societies and
the biodiversity that supports them requires
responsible management of natural resources.
+  Appendix F: Science & Engineering Practices

Materials Needed:

+ Assorted pieces of trash in pairs. The following kinds
of trash are recommended: two apple cores, two
paper bags, two plastic bags, two candy wrappers, two
plastic cups, two waxed-paper cups, two drink boxes
and straws, two paper eggs cartons, two foam plastic
egg cartons, two pages of newspaper, two foamed
plastic packing peanuts, two starch packing peanuts,
two six-pack rings, two steel cans, and two glass

Time: The duration of this lesson is approximately two bottles.

months. This includes two, 40-minute class periods to « Two transparent containers covered with a net or
introduce and set up the experiment, followed by a small screen (reduces windblown trash and discourages
amount of time (~10 min) each class to record data at wildlife).

several points over the subsequent two months. + Two pieces of rope or string, outdoor thermometer,

and newspaper.

+ Gloves, tongs, and additional cardboard and
newspaper for removing and examining the trash
pieces.

+ Balance or scale to measure mass of each item, at
beginning and end of experiment (optional).

+ Optional - Create a model of one complete
experimental set-up depending on how much

Description & Objectives: In this activity, students will
investigate how long it takes different types of debris

to degrade and how weather and sunlight affect the
breakdown rate. Students will learn how degradation
rates impact how long debris persists in the environment.
Students will learn the difference between human-made
and natural materials.

Guiding Questions: . guidance you want to give students.
* Whatis marine debris? _ ) _ + Data sheets (included at end of lesson) for inside and
+  What physical traits do marine debris materials have in outside experiments.
common?

+ How do different physical processes affect the
breakdown of human-made and natural materials?

Key Ideas & Concepts:

+ Marine debris is any persistent solid material
manufactured or processed and then disposed of or
abandoned in the marine environment.

+ Marine debris is mostly plastic.
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Teacher Instructions: This is a long-term class science experiment.

In class discussion/lesson: Tell students they are starting a long-term class experiment to learn about trash degradation.
Talk with them about what degradation is, using the following guiding questions:

+  What are the signs of degradation of different objects (changes in shape, color, and size)? How would you measure
degradation (length, weight, color charts, etc.)? What abiotic (non-living) factors cause something to degrade? Guide
students to think about the amount of sun, wind, rain, and heat to which the items are exposed and how those might
impact degradation. What biotic factors cause something to degrade? Guide students to think about animals, insects
and microorganisms that may eat or use organic materials.

« Teacher Note: “The loss of an item’s ability to withstand being pulled apart also is an important sign of degradation, but
this only should be evaluated at the end of the experiment so that the natural degradation process is not accelerated”
(NOAA).

Experimental set-up & data collection:
1. Have students fill both containers halfway with water. Make sure one of each type of trash is put in each container.

As the students are building the containers, discuss why the experiment is being set up the way it is.
+ Depending on how you are having students measure degradation, you will want them to measure, weigh or
otherwise assess the objects before putting them in the containers.
+ Guiding questions: Why are we putting the same type of item in each container? Would we be able to compare
the things that affect degradation and persistence if we were comparing apples outside to oranges inside?
Guide students into thinking about the importance of control variables in experimental design.

2. Cover one of the containers with a net or screen and secure with the rope or string. Label the container and put it
outside in a sunny area where it won't be disturbed by people or animals, but is also secure (e.g., think about the
storms that occur in the territory and make sure the container is in a sheltered enough place that it will not blow
away). Put the second container in the classroom in an undisturbed area with a sign cautioning other students and
school employees that it is a school project.

3. Onthe data sheets (included at the end of this lesson) have a student record weather conditions (outdoor
temperature, type, percent of cloud cover, and precipitation) each day. You may consider using the data sheets as
class data stored on a clipboard near the indoor container.

« If your school has a weather station from the Water Ambassadors Program or the Virgin Islands Water
Resources Research Institute, use that station to record outside air temperature and precipitation.

« If not, use a thermometer to measure outside air temperature and a rain gauge to measure precipitation. No rain
gauge, no problem! Create a qualitative precipitation scale with your students: this could be as simple as, did
it rain today or not? Or it could include multiple categories (e.g., no rain, light rain, heavy rain). It is up to you to
decide how to measure this and how to measure can be a good discussion topic for students.

O Teacher Note: Add a second thermometer to measure inside air temperature. Add this variable to your data
collection and analyses and compare to outside air temperatures when examining the final experimental
results for added, interesting discussion.

+  To measure cloud cover, you can use multiple options depending on the amount of time and resources available:

0 Use a weather website to determine how much sunlight was recorded on the island that day.

o Build a cloud cover estimator (see: Measuring Cloud Cover) and have students estimate the percentage
based on the number/amount of the quadrants covered.

= Measuring Cloud Cover: https://www.sserc.org.uk/wp-content/uploads/2012/04/Resource-2_2-
Measuring-Cloud-Cover.pdf
+ Teacher Note: You may need to continually refresh students about why we record data in metric not imperial
measurements, why actual measurements are usually better than estimates, how both quantitative and qualitative
data can be useful, etc.

4. Every week (for a minimum of two months), have the class observe the changes in the trash items, both in the indoor
and the outdoor containers. Have different students fill in the “Degradation Data” handouts every week.

« Teacher Note: You can use a camera to take weekly pictures of the containers as a record. If you do this, make
sure you have a card with the date on it to remember when the photo was taken or re-name the digital image,
appropriately. This is a good time to discuss with students about why you might want to take pictures when
possible (e.g., reducing bias, possibility for quantifying change over time using image processing techniques).

In class activity & discussion: what did they find?
1. Atthe end of the experiment, remove the contents from the two containers and spread over a tablecloth or

newspaper. Make sure to have different sections for the inside and outside container. If you had students measure,
weigh, or assess the trash at the beginning, make sure they measure, weigh, or assess the trash in the same way
Now.

30


https://www.sserc.org.uk/wp-content/uploads/2012/04/Resource-2_2-Measuring-Cloud-Cover.pdf
https://www.sserc.org.uk/wp-content/uploads/2012/04/Resource-2_2-Measuring-Cloud-Cover.pdf

U.S. Virgin Islands Marine Debris Curriculum Composition & Abundance

2. As students are removing the items, have them compare the visible differences between the “indoor” and “outdoor”
pieces of trash. Students should try to pull apart the trash to determine if there is a difference in strength between the
“indoor” and “outdoor” pieces.

« Guiding questions: Which pieces of trash have degraded? Does the location (outside or inside) affect if and how
the trash was degraded? If so, how much? What types of trash (paper, plastic, food) were degradable? Which
types were persistent? Do you think how an object degrades determines if it is found in the marine environment?

Assessment and evaluation:
+ Have the students develop a hypothesis on whether the degradability of an object affects how marine debris
develops.
0 UPSCALE: Have students make a prediction and design an experiment to test their hypothesis.
+ Have students compare the Weather Watch data sheets and the Degradation Data sheets and answer the following
questions (worksheets included):
o Did the weather seem to affect the rate of degradation? How so? What weather conditions seemed to increase
the degradation rates the most? Can you tell? How so?

Additional activities for grades 9-12:
+ Begin the lesson with a field trip to the local landfill and/or locations that were damaged heavily by the 2017

Hurricanes Irma and Maria. Discuss the types of debris observed and the degradation process.

0 Teacher Note: Coordinate with the Virgin Islands Waste Management Authority to ensure safety on the field trip
and to provide additional information about the landfill and waste management in the U.S. Virgin Islands.

+ The experiment can also be conducted outside of class by individuals or groups of students, with the testing of
additional variables that may influence degradation rates and the collection of additional data, such as mass (before
and after). For example, students could bury debris items (in a controlled way) near their homes (to investigate what
happens as debris is buried or composted in landfills), or agitate the items in water to simulate wave action.

+ Have your students participate in a thought experiment:

0 Ask them to consider the landfill on their island. The landfills on St. Thomas and St. Croix are either slated to
be closed in a few years or are already over capacity. Consider what you have learned about the degradation of
materials and the landfill on your island to answer questions on the degrading experience thought experiment
9-12 worksheet (included at the end of this lesson).




Degradation & Weather Worksheet

Adapted from NOAA Marine Debris Program’s Turning the Tide on Trash Curricula, lesson three “A Degrading Experience,’
(https://marinedebris.noaa.gov/turning-tide-trash)

Compare the weather data and degradation data on your data sheets.

1. Make a line graph displaying the average weekly temperature and average weekly rainfall.

2. Make a note of the average weekly cloud cover.

3. Compare your graph to your degradation data from the box outside and inside.

a. Did the weather seem to affect the rate of degradation? How so?

b. What weather conditions seemed to increase degradation the most? How can you tell?

4. What types of debris persisted the longest?

5. What types of debris degraded the quickest?

6. What might these results mean for the marine life of the U.S. Virgin Islands?

7. What are some things you can do to help prevent the types of debris that don't degrade from
becoming marine debris in the U.S. Virgin Islands?



https://marinedebris.noaa.gov/turning-tide-trash

Degrading Experience Thought Experiment 9-12

Adapted from NOAA Marine Debris Program’s Turning the Tide on Trash Curricula, lesson three “A Degrading Experience,’
(https://marinedebris.noaa.gov/turning-tide-trash)

You have just finished the degradation class experiment. Let’s take what you learned a step further.
The landfills on St. Thomas and St. Croix are either slated to be closed in a few years or are already
over capacity. Consider what you have learned about degradation of materials and the landfill on your
island to answer the following questions about marine debris in the U.S. Virgin Islands.

1. Based on what you know about how quickly (or slowly) different materials degrade, what do you
think the landfill on your island is full of? Be as detailed as possible.

2. What do you think the most persistent items are in the landfill?

3. What were those materials originally used for?

4. Did those items originate on or off-island?

5. Think about the location of the landfill, the watershed it is in, and the trash being thrown away.
When people throw out a piece of debris that is resistant to degradation, what do you think
happens to it?

6. Does it make it to the landfill?

7. If it does, do you think it stays there until it is completely degraded?

8. How long do you think it stays in the landfill?

9. Do you think it's possible for trash to fall/blow out of the landfill and eventually end up in the
marine environment?



https://marinedebris.noaa.gov/turning-tide-trash

10. What objects do you think persist the longest in the landfill?

11.1f the landfill is really close to the ocean, like on St. Thomas, what do you think happens to marine
life and their habitat near that landfill?

12.1f the landfill is really close to several ghuts and small ponds, like on St. Croix, what do you think
happens to those habitats near that landfill?

13.There are several abiotic factors (like wind, rain, and heat, among others) that influence how
long debris persists in the environment. For each of the following factors, describe how those
factors may impact degradation of a debris item. Does it matter what the item is made of? What
properties of the item make it more or less resistant to degradation?
a. Physical degradation (getting crushed, torn, etc.):

b. Weather degradation (wind, rain, and heat):

c. Photo degradation (sunlight):

14. Which of the three degradation processes listed above has more of an impact in the U.S. Virgin
Islands compared to another place, like Canada?

a. How so?

15.Considering your answers to all the above questions, make a prediction about how the
environment impacts the degradation of marine debris breakdown.




Degradation Data - Outside

LESSON THREE

Month:

Teachers: customize this handout based on the trash items you have in your experiment.

Item

Week 1

Week 2

Apple core

Bag, paper

Bag, plastic

Candy wrapper

Cup, Styrofoam

Cup, waxed paper

Drink box and straw

Egg carton, paper

Egg carton,
foamed plastic

Glass bottle

Newspaper

Packing peanut,
foamed plastic

Packing peanut, starch

Six-pack holder

Steel can

Weather Watch - Week 1

Date Temperature Cloud Cover Precipitation
Weather Watch - Week 2
Date Temperature Cloud Cover Precipitation




LESSON THREE

Degradation Data - Outside Month:

Item Week 3

Week 4

Apple core

Bag, paper

Bag, plastic

Candy wrapper

Cup, Styrofoam

Cup, waxed paper

Drink box and straw

Egg carton, paper

Egg carton,
foamed plastic

Glass bottle

Newspaper

Packing peanut,
foamed plastic

Packing peanut, starch

Six-pack holder

Steel can

Weather Watch - Week 3

Date Temperature Cloud Cover

Precipitation

Weather Watch - Week 4

Date Temperature Cloud Cover

Precipitation




Degradation Data - Inside Month:

LESSON THREE

Teachers: customize this handout based on the trash items you have in your experiment.

Item

Week 1

Week 2

Apple core

Bag, paper

Bag, plastic

Candy wrapper

Cup, Styrofoam

Cup, waxed paper

Drink box and straw

Egg carton, paper

Egg carton,
foamed plastic

Glass bottle

Newspaper

Packing peanut,
foamed plastic

Packing peanut, starch

Six-pack holder

Steel can







U.S. Virgin Islands Marine Debris Curriculum

Sources & Transport

LESSON: Watershed Walk

This activity was modified from the “Watershed Walk” lesson housed on the Northwest Aquatic and Marine Educators
website (https://www.pacname.org/ocep-watershed-walk-high-school/), with permission from Oregon Sea Grant who is a

co-author on the activity, along with the Oregon Coast Education Program (OCEP) Leadership team members.

Grade Levels: 5-12
Subject Areas: Marine Biology: Debris Sources, Ecology

NGSS Connections:
+ MS-ESS3-1:

0 ESS3.A: Natural Resources - Humans depend on
Earth’s land, ocean, atmosphere, and biosphere
for many different resources. Minerals, fresh
water, and biosphere resources are limited, and
many are not renewable or replaceable over
human lifetimes. These resources are distributed
unevenly around the planet as a result of past
geologic processes.

+ MS-ESS3-3:

0 Apply scientific principles to design a method for
monitoring and minimizing a human impact on
the environment.

o ESS3.C: Human Impacts on Earth Systems -
Human activities have significantly altered the
biosphere, sometimes damaging or destroying
natural habitats and causing the extinction
of other species. But changes to Earth’s
environments can have different impacts
(negative and positive) for different living things.

o ESS3.C: Human Impacts on Earth Systems -
Typically as human populations and per-capita
consumption of natural resources increase,
so do the negative impacts on Earth unless
the activities and technologies involved are
engineered otherwise.

+ HS-ESS3-1:

o ESS3.A: Natural Resources - Resource availability
has guided the development of human society.

0 ESS3.B: Natural Hazards - Natural hazards and
other geologic events have shaped the course of
human history; [they] have significantly altered
the sizes of human populations and have driven
human migrations.

+  Appendix F: Science & Engineering Practices

Time:
* 90 min prep
« 3 class periods: 1 class period — introductory
presentation; 1 class period — field experience; 1 class
period —- reflection.

Description & Objectives: These lessons are designed to be
used after completing any of the Composition & Abundance
lessons. Students will investigate and learn about nearby
watersheds and about the ridge-to-reef concept. Students
will use this knowledge to investigate how marine debris
gets into and moves around the ocean. They will look for

evidence to determine the source (land or sea) of different
types of marine debris.

Guiding Questions:
+  Where does most marine debris come from in the U.S.
Virgin Islands?
+  How does marine debris get into the ocean?
+ How are terrain, water systems, and marine debris
connected?

Key Ideas & Concepts:

+ Marine debris exists both where we can easily see it
(beaches, wrack lines on the beach) and cannot easily
see it (ghuts leading to the beaches or under sand and
the surface of the water).

+ Most marine debris comes from land-based sources
(ush).

+ Debris deposited by accident or on purpose, can travel
downhill from waterways and through watersheds into
the ocean.

Pre-Requisite Skills: Students will need to understand the
basic concepts of marine debris, topography, watersheds,
and the water cycle.

Teacher Preparation: Scout out an appropriate watershed
to observe either on school property (ideal!) or nearby. As
one of the goals of this activity is to provide experience
with local watersheds that connect to local reefs, adequate
time outdoors is helpful. The activity can be completed
using Google Earth, if needed. Make a list of features of the
chosen watershed (flat vs. steep, number of ghuts/human-
made drainages, amount of natural vegetation, concrete/
asphalt or dirt surfaces). This works best in an area where
students can see the whole watershed to answer some of
the questions in the Watershed Worksheet, though this is
not always possible. If needed, review general topographic
and watershed concepts with your students. This can be
done as separate lessons/class periods, if needed.

The United States Geological Survey has two introductory
classroom activities that explain how to read and create
topographic maps which may be helpful to review or
complete with your students prior to this lesson. Those
activities can be found here: http://www.orange.wateratlas.
usf.edu/upload/documents/HowToReadTopoPlusActivity.
pdf and https://education.usgs.gov/lessons/toposaladtray.
pdf.

NOAA also has a great lesson which is available here:
https://oceanexplorer.noaa.gov/edu/lessonplans/ring
topographic_6_8.pdf

There is a mini-topography worksheet that can be used
as part of this lesson plan, as well. This lesson can be
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http://www.orange.wateratlas.usf.edu/upload/documents/HowToReadTopoPlusActivity.pdf
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http://www.orange.wateratlas.usf.edu/upload/documents/HowToReadTopoPlusActivity.pdf
https://education.usgs.gov/lessons/toposaladtray.pdf
https://education.usgs.gov/lessons/toposaladtray.pdf
https://oceanexplorer.noaa.gov/edu/lessonplans/ring_topographic_6_8.pdf 
https://oceanexplorer.noaa.gov/edu/lessonplans/ring_topographic_6_8.pdf 
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used with students to predict how topography might influence what, where, and how much trash might enter the ocean,
becoming marine debris: http://www.education.com/worksheet/article/topographic-map-matching/

For more information about watersheds, visit: https://oceanservice.noaa.gov/facts/watershed.html then answer a
worksheet about it.

Materials Needed:

« Computer/projector and internet access

+ Video: NOAA Video “TRASH TALK: Where Does Marine Debris Come From” (https://www.youtube.com/
watch?v=FNOFF7VH4ig)

+  Watershed Walk Worksheet (at end of instructions)

+ U.S. Virgin Islands Watershed Map (at end of instructions)

 Pencils, sturdy surface to write on (clipboards/notebooks), safety equipment (first aid kit, field trip paperwork, if
leaving campus), camera (optional), art supplies (optional)

+ Students: proper footwear/attire for outside exploration

Teacher Instructions:

Classroom introduction - explore the area around the school and define “watershed”: An engaging way to introduce this
topic is to show students a mapping website that has topographical features on it, such as Google Earth. You can ask
them to describe the area around their school using the map.

* Guiding questions: Where is the school in relation to mountains or steep terrain? Where are flat or low areas in the
landscape that might flood with heavy rain? Where is the closest ghut and/or drainage ditch? Follow the ghut and/or
drainage ditch - where does it lead to? Does it cross any streets or appear to go underground? Where does it meet the
ocean?

After the class has described the area, this is a good time to define/describe what a watershed is and to review the water
cycle, if this has not already been taught.

+ According to NOAA, a watershed is “a land area that channels rainfall and snowmelt to creeks, streams, and rivers,
and eventually to outflow points such as reservoirs, bays and oceans.”

+ Inthe U.S. Virgin Islands, we don’t have snow, but we do have rain. Here and elsewhere, water flows from higher
ground, like the hills and mountains, along low points in the landscape, like streams, ghuts, and human-made
channels, to areas of lower ground where it fills retaining ponds or empties into the ocean.

+ Have the students relate the description of a watershed, local topography, and other landscape features (e.g., ghuts,
human-made channels, low areas) back to the previous discussion about the area around their school.

0 Guiding questions: Is our school part of a watershed? How can you tell? (Answer: Yes! Every place on land is
part of a watershed which can vary in size and shape based on terrain. This is a great place to show and talk
about the U.S. Virgin Islands Watershed Map (included), which depicts watershed boundaries, locations of some
U.S. Virgin Islands schools, and ghuts in relation to topographic features like hills, mountains, and drainages).

Watershed presentation: After the class has described their area and recognize that it is part of a watershed, you should
begin your watershed presentation in preparation for the Watershed Walk. Make sure students know they will be using this
information to answer questions during their Watershed Walk.

+ Emphasize the role local terrain and landscape features have in moving water across the land. It will help students
if you emphasize the effect of plants and dirt (which absorb water) versus concrete and metal (which tend to repel
water, moving it elsewhere), in how water moves through the watershed. Where would you expect water to move
more quickly, over the natural landscape (plants, dirt) or the human-made landscape (concrete/metal)? Answer:
concrete/metal. What might this mean for trash in the watershed? How might it be expected to move across the
landscape? Where might it aggregate (low spots in the landscape, like ghuts, human-made drainages, and drainage
ponds)? What other features in the landscape might affect the amount of trash in the watershed (e.g., presence and
location of roadside dumpster bins, the landfill, areas with high human use)? Ultimately, where could all this trash
end up? Answer: the ocean. Emphasize the ridge-to-reef concept. Debris higher in the landscape can travel downhill
where it can be deposited into salt ponds, mangroves, beaches, and adjacent coral reefs and seagrass meadows,
putting those habitats and the organisms that live there at risk.

+ Next, show your students the NOAA video “TRASH TALK: Where Does Marine Debris Come From” (https://www.
youtube.com/watch?v=FN9FF7VH4ig). The following discussion could be expanded to its own class period
depending on time and interest.

0 Guiding questions: Think about the TRASH TALK video. In it, they talk about the many ways trash can find its
way into the ocean, including land-based and ocean-based sources. Which do you think is most important in
the U.S. Virgin Islands? Data from the territorial beach cleanups indicates that most marine debris found on
U.S. Virgin Islands beaches comes from land-based sources - that means it comes from us! What's the good
news? If it comes from land-based sources, it means that we can prevent it. What do you think happens to
trash, like a plastic bag, on a windy day? What about a water bottle on a slightly rainy day? On a really rainy
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