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Marine Protected Areas (MPAs)

California’s coastal and marine ecosystems are some of the most iconic and treasured 

resources in the state and contribute greatly to the history, identity, and economy of the area. 

Unfortunately these same ecosystems are also some of the most exploited and without proper 

care the long-term health of these resources is in jeopardy. Recognizing the need to 

safeguard California’s coastal and marine ecosystems the state legislature passed the Marine 

Life Protection Act in 1999. This act aimed to protect California’s precious marine resources 

by creating a statewide network of marine protected areas (MPAs). Designed to protect the 

diversity and abundance of marine life while still maintaining recreational access for people, 

MPAs now protect over sixteen percent, or 850 miles, of the California coast.

 

Just as state parks protect resources on land, MPAs protect resources in the ocean by 

managing human activities within biologically important areas. The Marine Life Protection 

Act recognizes that a combination of MPAs with varied amounts of allowed activities and 

protections (marine reserves, marine conservation areas, and marine parks) can help 

conserve biological diversity, provide a sanctuary for marine life, and enhance recreational 

and educational opportunities.

 

There are 124 MPAs in California that fall under six categories:

Key Words
Marine Protected Area 

(MPA): MPAs are areas in or 

near the ocean made to protect or 

conserve marine life and habitat, 

safeguard cultural sites, and 

provide enhanced recreational 

opportunities

 

Natural Resource: Materials or 

substances such as minerals, 

forests, water, or animals that are 

found in nature and are valuable 

to humans.

 

Take: To hunt, pursue, catch, 

capture, or kill, or attempt to hunt, 

pursue, catch, capture, or kill.  

 1

State Marine 
Reserve (SMR)

State Marine 
Conservation 
Area (SMCA)

No-Take State Marine 
Conservation Area 
(No-Take SMCA)

State Marine 
Recreational 
Management 
Area (SMRMA)

State Marine 
Park (SMP)

Special 
Closure

An MPA where no take, damage, injury, 

or possession of any kind of living, 

geologic, or cultural marine resource is 

allowed.

An MPA where some recreational and/or 

commercial take of marine resources may 

be allowed (restrictions vary).

An MPA where no take of any living, 

geologic, or cultural resource is allowed, 

EXCEPT for take incidental to specified 

activities permitted by other agencies (i.e. 

sand renourishment).

A marine managed area where some take 

of marine resources may be allowed and 

legal waterfowl hunting is allowed 

(restrictions vary)

An MPA that allows some recreational 

take but does not allow commercial take.

Prohibits or restricts access in waters 

adjacent to seabird rookeries or marine 

mammal haul-out sites.









No-Take State Marine Conservation Area (SMCA)
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MPA Resources
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WILDCOAST

Resources including fact sheets, maps, posters, brochures, and videos.

 

Digital copies of all CDFW documents may be found at: 

https://www.wildlife.ca.gov/Conservation/Marine/MPAs

Printed copies may be available by e-mailing: marnin.Robbins@wildlife.ca.gov

California Marine Sanctuary Foundation
     Resources including fact sheets, maps, posters, brochures, and curricula.

 

Digital copies of all CMSF documents may be found at: http://californiampas.org/

Printed copies may be available by e-mailing: katelyn@californiamsf.org

California Department of Fish and Wildlife

Digital copies of all materials included in this teaching pack as well 

as any questions about MPA Watch may be obtained by e-mailing: 

angela@wildcoast.org

Ocean Institute
Free, online MPA unit including background information, MPA 

Watch lesson plan, games, and activities for students.

 

Available online at: 

https://oceaninstitute.education/course/view.php?id=95

Use guest login- password: MPA



Background information:

Marine Protected Areas (MPAs)

     We can think of marine protected areas, or MPAs, as underwater parks. Just 

like we have national, state, and regional parks on land, there are many different 

types of MPAs. Different parks allow different activities - same with MPAs! In 

some of them you can fish, while in others you can’t. Some MPAs allow all 

kinds of activities (fishing, swimming, boating, etc.) while others are much 

stricter. By restricting what people can do and take in these underwater parks, 

we can protect California’s natural resources.

     California has 124 MPAs all along the coast. These MPAs protect many 

different habitats where many different animals live. MPAs give marine species 

a safe place to breed and grow. Animals inside of MPAs may be larger than 

those found outside of MPAs, allowing them to have more offspring than 

smaller animals. Offspring born within MPAs may also have access to more 

food, space, and other resources, allowing offspring to be healthier.

     MPAs also provide opportunities for people to see beautiful, protected ocean 

spaces through snorkeling, scuba diving, swimming, kayaking etc. Sometimes, 

people don’t know that they are in an MPA and accidentally do something they 

aren’t supposed to do. That’s why it is important to understand what MPAs are, 

why we have them, and where they are - so you know if you are in one!

 

Discussion: 

Why do we make MPAs?

● Break students into small groups and have them discuss the following 

questions: What ocean animals can you think of? How might people affect those 

animals?

● Ask students to volunteer to share an idea from their group.
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Marine Protected Areas and MPA Watch
Lesson 1

NGSS: DCI (Disciplinary 

Core Ideas):

MS-LS1-5

MS-LS2-4

MS-LS2-5

MS-ESS3-3.

 
Time: 60-90 mins.

 

Materials for the Teacher

●   Whiteboard and marker

●   Map of California and/or 

local MPAs

●   Image of yellowtail

●   Hula hoops

 
Materials for the Students

●   Clipboard

●   Pencil

●   MPA Watch datasheet

Learning Objectives
A) Students will learn what an MPA is and why we create them.

B) Students will understand that everyone can be a scientist.

C) Students will collect data for the California MPA Watch program.



Activity #1: 

MPA Migration

     In an open space, like a field or on the beach, denote a large rectangular 

playing area to represent the coast of California. Pick 3-4 students to play 

anglers and station themselves inside the playing field. Anglers are allowed to 

move throughout the game. The rest of the students will be fish, trying to 

migrate from one end of California to the other by running the length of the 

playing field without getting “caught” (tagged) by the anglers. Emphasize to the 

students that they are one population of fish, so they are not competing with 

each other. Rather, their goal is to have as many as possible successfully 

complete migration. Tagged students must go back to the start and wait for the 

next round.

     For the first round play exactly as described above, expecting most of the 

fish to be caught. Ask students to think about what could be done to make their 

migration more successful. Place a hula hoop, or other marker, inside the 

playing field and explain to the students that this area denotes a marine 

protected area – a safe place where the anglers are not allowed to fish. Students 

standing in the MPA may not be tagged. Expect with only one MPA that 

migration will likely not be much more successful.

     As you play continue to add more MPAs until you create a network of MPAs 

that spans the entire coast so students can jump from one MPA to the next 

without having to go in unprotected waters (students should not be tagged when 

jumping from MPA to MPA unless their feet touch the ground outside of the 

MPA). Discuss how this network approach led to the most success and why. 

The game ends when the entire fish population safely completes migration.

 

EXTENSIONS: 1) Include MPAs of different sizes. Include some so small 

that students may fall out and get tagged. Discuss how larger MPAs are more 

effective at saving populations. 2) Include different types of MPAs. For 

example, in state marine reserves there is no fishing, but in some state marine 

conservation areas there is limited fishing, so an angler could tag them 

(perhaps from a stationary point). Discuss how no take areas, such as state 

marine reserves, are the most effective at protecting populations.
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Vocabulary

●   Community (or citizen) 

Science: The collection 

and/or analysis of scientific 

data by everyday people.

●   Marine Protected Area 

(MPA): MPAs are areas in 

or near the ocean made to 

protect or conserve marine 

life and habitat, safeguard 

cultural sites, and provide 

enhanced recreational 

opportunities.

●   MPA Watch: A 

network of programs that 

support healthy oceans 

through community science 

by collecting human use 

data in and around our 

protected areas.

●   Natural Resource: 

Materials or substances such 

as minerals, forests, water, 

or animals that are found in 

nature and are valuable to 

humans.

●   Take: To hunt, pursue, 

catch, capture, or kill, or 

attempt to hunt, pursue, 

catch, capture, or kill any 

natural resources.

●   Transect: A fixed path 

(with a start and end point) 

along which one counts and 

records scientific data.



Activity #2: 

Draw a Scientist

●   Ask students to draw a scientist either in the dirt/sand or in their journals.

●   Ask students what their scientists looked like and draw a representation on a 

whiteboard. Typically, students draw a man with crazy hair and a lab coat.

●   Ask students if this person could still be a scientist even if they were not 

wearing a lab coat. Erase the lab coat and draw regular clothes as you do this. 

Repeat for any other attributes until the person on your whiteboard looks like an 

everyday person.

●   Ask students who this looks like now (“me!”).

●   Tell students that today they will be practicing a special type of science 

called “community science” (or citizen science) in which they get to be real 

scientists!

 

Background information: 

Community Science

     Community science (also known as citizen science) involves members of 

the general public (that’s you and me!) collecting data that can then be used in 

scientific research. Anyone can participate in community science. It’s a great 

way for people to help out professional scientists!

     There are many different types of community science. Some involve using 

an app on your phone to take pictures or measurements that are then sent to 

professional scientists. Today, we are going to do a type of community science 

that involves taking notes about what you see. Your naturalist/instructor will 

then add your notes to an online database of information that professional 

scientists can access.

 

Background information: 

MPA Watch

     We already talked about why we create MPAs and how they can help 

protect ocean animals. Now that California has created these underwater parks, 

it’s important for us to see how people are using them. Are people visiting 

MPAs? If they are, what kind of activities are they doing there? The answers to 

these questions will help us to figure out if the MPAs are working and help in 

creation of future MPAs. We are all going to be citizen scientists today and help 

collect some information about what people are doing in this MPA. 

     (Note: if you are at a control site, it is worth talking about why we have 

control sites. It is helpful to see how people are using non-MPA areas and 

then compare that to the data we get from MPAs.)
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California Department of 

Fish and Wildlife Key 

Messages

 

●   MPAs protect the natural 

diversity and abundance of 

marine life, and the 

structure, function, and 

integrity of marine 

ecosystems.

●   MPAs help sustain, 

conserve, and protect 

marine life populations, 

including those of economic 

value, and rebuild those that 

are depleted.

●   MPAs improve 

recreational, educational, 

and study opportunities 

provided by marine

ecosystems that are subject 

to minimal human 

disturbance, and manage 

these uses in a manner 

consistent with protecting 

biodiversity.

●   MPAs protect marine 

natural heritage, including 

protection of representative 

and unique marine life 

habitats in California waters 

for their intrinsic values.



Activity #3: 

MPA Watch

●   Break students into pairs or small groups of 3-4.

●   Each group should get a clipboard, pen/pencil, and MPA Watch data 

collection sheet.

●   Explain the process: students will begin at one end of a predetermined 

transect and walk to the other end, recording human activity along the way. 

Different activities will need to be recorded in different columns.

●   Before you begin, fill in the top part of the data sheet (the “metadata”) 

together and make sure students understand each activity.

●   Naturalists/instructors should “float” from group to group and be available 

for questions.

●   At the end, come together and briefly discuss your findings as a group. Why 

might different small groups have gotten different answers? How might your 

answers have been different at a different time of day?

 

Debrief/Check for Understanding

Ask students to synthesize everything they have learned about MPAs and the 

implications of their data on MPA management and conservation.

 

Examples of this could be:

●   What activity(ies) did you notice the most during your MPA Watch survey?

●   Do you think these activities have a low or high impact on the environment?

●   Which activities do you think have the lowest impact? The highest impact?

●   What types of activities do you think should be encouraged in MPAs? 

Discouraged?

●   Some MPAs allow limited take while some do not allow any take at all? 

Based on the evidence you collected and what you know about MPAs, do you 

think one would be more effective than the other at protecting coastal and 

marine resources?

●   What are some things you can do to help protect coastal and marine 

ecosystems?

 

Alternatively, or in addition to, students can draw signs (geared toward the 

general public) that inform users about MPAs (see plover example in 

appendix).
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Connections:

Art, science

 

Ocean Literacy 

Connection:

●   6C: The ocean is a 

source of inspiration, 

recreation, rejuvenation, and 

discovery. It is also an 

important element in the 

heritage of many cultures.

●   6D: Humans affect the 

ocean in a variety of ways. 

Laws, regulations, and 

resource management affect 

what is taken out and put 

into the ocean. Human 

development and activity 

leads to pollution (point 

source, non-point source, 

and noise pollution), 

changes to ocean chemistry 

(ocean acidification), and 

physical modifications 

(changes to beaches, shores 

and rivers). In addition, 

humans have removed most 

of the large vertebrates from 

the ocean.

●   6G: Everyone is 

responsible for caring for 

the ocean. The ocean 

sustains life on Earth and 

humans must live in ways 

that sustain the ocean. 

Individual and collective 

actions are needed to 

effectively manage ocean 

resources for all.
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Engage: Have students share activities they like to do and things they like to see at the beach.

Explore: Students will explore the beach and marine protected areas through games and 

communicyt science (MPA Watch).

Explain: Explain MPAs and how human use affects coastal and marine ecosystems.

Elaborate: Ask the students what types of activities were most prevalent. Explore possible 

impacts of those activities on coastal and marine ecosystems.

Evaluate: Ask the students to synthesize the information they learned and data they collected to 

make recommendations on how they and others can help protect coastal and marine resources.

 NGSS Alignment
MS-LS1-5. Construct a scientific explanation based on evidence for how environmental and 

genetic factors influence the growth of organisms.

MS-LS2-4. Construct an argument supported by empirical evidence that changes to physical or 

biological components of an ecosystem affect populations.

MS-LS2-5. Evaluate competing design solutions for maintaining biodiversity and ecosystem 

services.

MS-ESS3-3. Apply scientific principles to design a method for monitoring and minimizing a 

human impact on the environment.

            Science and Engineering Practices
1.     Asking questions

3.     Planning and carrying out investigations

4.     Analyzing and interpreting data

6.     Constructing explanations

7.     Engaging in argument from evidence

8.     Obtaining, evaluating, and communicating information

     Crosscutting Concepts
1. Patterns. Observed patterns of forms and events guide organization and classification, and 

they prompt questions about relationships and the factors that influence them.

2. Cause and effect: Mechanism and explanation. Events have causes, sometimes simple, 

sometimes multifaceted. A major activity of science is investigating and explaining causal 

relationships and the mechanisms by which they are mediated. Such mechanisms can then be 

tested across given contexts and used to predict and explain events in new contexts.

          Online Resources  
California Marine Protected Areas video: https://youtu.be/xB_yqcfN7DE

Maps of California MPAs by region: http://californiampas.org/outreach-toolkit/printed-

materials/maps

MPA Overview Sheets: https://www.wildlife.ca.gov/Conservation/Marine/MPAs/Outreach-

Materials#26716428-mpa-overview-sheets



 Appendix



 Appendix





Background Info: 

Biodiversity

     The Greek root “bio” means life. That means that “biodiversity” is the 

diversity of life.

     We live on a planet full of many different kinds of life - animals, plants, 

fungi, bacteria, and some things that are so weird, we hardly know what to call 

them. Scientists classify living things into different groups, with the smallest 

unit of classification being the species. Nobody really knows how many species 

exist on Earth because we haven’t found them all - not even close! Some 

scientists think there could be a million species living just in the ocean.

     Living organisms (biotic factors) interact with the non-living things (abiotic 

factors) around them - examples would be water, sunlight, wind, etc. We call a 

community of living organisms and their nonliving physical environment an 

ecosystem. Examples of ocean ecosystems here in California are kelp forests, 

sandy beaches, rocky shores (and tidepools), and the open ocean.

     When scientists talk about biodiversity, they usually are referring to the 

diversity of both species and ecosystems.

 

Discussion: 

California’s Coastal and Marine Ecosystems

●   Break students up into pairs or small groups. Challenge each group to come 

up with as many coastal and marine ecosystems as they can.

●   Ask for volunteers to share their answers until you have a good list. From 

your list, choose one coastal or marine ecosystem to focus on (ideally, one that 

is close to your site and/or one that will visit with the students.)

●   Now, challenge each group to make a list of the living and nonliving 

things that make up their ecosystem.
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MPA Biodiversity
Lesson 2

NGSS: DCI (Disciplinary 

Core Ideas):

MS-LS2-1

MS-LS2-4

 
Time: 60-90 mins.

 

Materials for the Teacher

●   Whiteboard with marker

   Yarn or string

●   Pictures of coastal and 

marine ecosystems (i.e. kelp 

forest, sandy shore, rocky 

intertidal, sea grass)

 

Materials for the Students

●   Organism cards (see 

Online Resources in 

appendix for example)

●   Optional – Ecosystem 

Exploration worksheet

Learning Objectives
A) Students will learn the concept of biodiversity.

B) Students will learn the idea that everything in nature is connected.

C) Students will learn why it is important to maintain biodiversity in our oceans.

D) Students will make observations about connections among organisms in an ecosystem.



Activity: 

Organism Game

●   Hand out organism cards and make sure each student gets one. They cannot 

look at their cards!

●   Each student should place their card on their forehead.

●   Next, students need to mingle around the room and ask their classmates 

questions about their card. They are only allowed to ask one question at a time 

and questions must have a yes/no answer. After they ask a question, regardless 

of the answer, they have to move on to three more students before they return to 

that student. The idea is to narrow down the organism on their card by asking 

questions like “Am I a type of fish?”

●   Have students hold on to their card for the next activity.

 

Background Info:

Everything is Connected

     Each ecosystem is made up of a series of connections. Some organisms eat 

each other, some create homes that others live in, some have special 

relationships where they help each other, etc. Scientists understand some of 

these connections but there are a lot that we don’t understand and certainly a lot 

that we don’t even know about.

     Sometimes, organisms can impact their ecosystems in big ways. We have 

found that changes in the number of one species can sometime impact many 

other species around them. For example, in California, people used to hunt sea 

otters. In some places, sea otters eat purple sea urchins. As the sea otter 

population dropped due to hunting, we started to see more and more purple 

urchins. The urchins like to eat the bottom of kelp, so as the urchin population 

increased, we saw kelp forests start to disappear. This is just one of many 

examples of how different organisms are connected.

 

Activity: 

Web Game

●   Have students hold onto their organism cards from the previous activity. 

You should hold a card that says “Human” and a ball of yarn.

●   Begin by tossing the ball of yarn to a student (you hold the end so that a 

string now stretches between you.) That student needs to say what organism is 

listed on their card and one way that organism is connected to humans. That 

student should then hold onto a piece of yarn and toss the ball of yarn to another 

student, who will repeat the process.

●   Some connections may be tougher than others - you may need to help 

students with these.

●   At the end of the activity, you will have a web of yarn connecting the 

students/different organisms.

●   End by discussing what this means. What would happen if one of our 

organisms started to take over the ecosystem? How would it affect others? Do 

we think this web exists in every ecosystem? How should this affect what we 

do?
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Vocabulary

●   Biodiversity: The 

variety of life on Earth.

●   Species: A group of 

similar individuals that are 

able to reproduce.

●   Biotic Factor: The 

living things in an 

ecosystem.

●   Abiotic Factor: The 

non-living things in an 

ecosystem.

●   Ecosystem: A biological 

community of interacting 

organisms and their physical 

environment.

●   Kelp Forest: underwater 

ecosystems formed in 

shallow water by the dense 

growth of several different 

species known as kelps. 

Known as the one of the 

most productive and 

dynamic ecosystems on 

Earth.

●   Sandy Shore: Sandy 

shores or beaches are loose 

deposits of sand, including 

some gravel or shells, that 

cover the shoreline in many 

places. They make up a 

large portion of the world's 

ice-free coastlines. Beaches 

serve as buffer zones or 

shock absorbers that protect 

the coastline, sea cliffs or 

dunes from direct wave 

attack.

●   Intertidal Zone: The 

area of land in between the 

high and low tidelines.

 



Background Info:

MPAs Protect Ecosystems

     Marine protected areas in California are designed to strategically protect 

important ecosystems along our coast. Some may protect diverse kelp forests 

that fish may use as breeding areas. Some MPAs may protect rocky reefs where 

the California spiny lobster likes to hide. Whatever they are protecting, MPAs 

work by limiting or eliminating take. Since take is restricted in MPAs, MPAs 

allow safe places for all the biotic and abiotic factors that make up an ecosystem 

to thrive and interact in a more natural way without having to adjust their 

behavior (for biotic factors) to human influence as much as if all take were 

allowed. It is important to note that MPAs do not directly protect against all 

human impact. For example, MPAs do not directly protect ecosystems from the 

effects of climate change, but by creating more healthy and natural ecosystems, 

MPAs may increase resiliency to climate change.

     As an example, think back to the game you just played where you used yarn 

to create connections among species within an ecosystem. In a non-protected 

area one or more of those species may be removed from the ecosystem. Imagine 

it is lobster season and fisherpeople catch most of the lobster. What would 

happen to the rest of the ecosystem you created? In MPAs species are protected 

from this type of take, allowing the ecosystem to remain more intact.

 

Activity: 

Ecosystem Exploration

●   Take the students to explore a marine/coastal ecosystem. Tidepools 

(especially those in MPAs!) work best if available.

●   As they explore, ask students to identify five species they find and figure out 

at least one connection between each of the other organisms. *Optional 

worksheet provided in appendix.

●   While exploring have students look for and record signs of human impact 

(i.e. trash, trampling, collecting, etc.)

●   At the end of your exploration, ask students to share connections that they 

came up with and look for patterns.

●   For a more in-depth ecosystem exploration, use the Bioblitz lesson plan from 

the San Diego MPA Toolkit Field Guide to the Intertidal.
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●   Rocky Shore: An 

intertidal area of coast 

covered predominantly in 

rock.

●   Tidepool: Shallow pools 

of water left behind on the 

rocky shore during low tide. 

Many intertidal organisms 

take refuge here during low 

tide.

●   Open Ocean: The 

largest ecosystem on Earth, 

comprised of everything in 

the ocean outside of coastal 

areas.

●   Take: To hunt, pursue, 

catch, capture, or kill, or 

attempt to hunt, pursue, 

catch, capture, or kill any 

natural resources.

●   Limiting Factor: An 

environmental resource that 

restricts population growth, 

often because of limited 

supply.

 

Connections:

Art, science, engineering

 

Ocean Literacy 

Standards:

1A, 1H, 5E, 5F, 6G

 

Suggested extensions:

●   For a more in-depth 

ecosystem exploration, use 

the Bioblitz lesson plan 

from the San Diego MPA 

Toolkit Field Guide to the 

Intertidal.



Debrief/Check for Understanding

Have students synthesize the information they learned about intertidal organisms and the data 

they collected during the ecosystem exploration.

 

Ask questions such as:

●   What organisms were the most prevalent?

●   Were there any organisms you expected to find but did not? Why might this be?

●   Did you see patterns of where you found certain species?

●   Did any of the species seem to be directly interacting with one another? Indirectly?

●   Based on what you observed during your ecosystem exploration, what seem to be the 

limiting factors in that ecosystem?

●   What evidence of human impact did you find?

●   How might marine protected areas be designed to help protect this ecosystem?

●   What can you do to help protect this ecosystem?
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Engage: Ask students to identify coastal and marine ecosystems they have visited or learned 

about.

Explore: Have students explore some of the organisms found in a local coastal or marine 

ecosystem.

Explain: Explain how biotic and abiotic factors interact in an ecosystem, how human activity can 

disrupt those connections, and how MPAs were made to protect coastal and marine biodiversity.

Elaborate: Allow students to explore connections between species in an ecosystem in the field.

Evaluate: Have students synthesize the information they learned about intertidal organisms and 

the data they collected during the ecosystem exploration.

 NGSS Alignment
MS-LS2-1. Analyze and interpret data to provide evidence for the effects of resource availability 

on organisms and populations of organisms in an ecosystem.

MS-LS2-4. Construct an argument supported by empirical evidence that changes to physical or 

biological components of an ecosystem affect populations.

MS-LS2-5. Evaluate competing design solutions for maintaining biodiversity and ecosystem 

services.

            Science and Engineering Practices
1.     Asking questions

3.     Planning and carrying out investigations

4.     Analyzing and interpreting data

6.     Constructing explanations

7.     Engaging in argument from evidence

8.     Obtaining, evaluating, and communicating information
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NGSS Alignment

1. Patterns. Observed patterns of forms and events guide organization and classification, and they 

prompt questions about relationships and the factors that influence them.

4. Systems and system models. Defining the system under study—specifying its boundaries and 

making explicit a model of that system—provides tools for understanding and testing ideas that 

are applicable throughout science and engineering.

Organism Cards from Monterey Bay Aquarium: 

https://www.montereybayaquarium.org/-/m/pdf/education/activities/aquarium-ss-crittercards.pdf?

la=en

California Marine Protected Areas video: https://youtu.be/xB_yqcfN7DE

Take a Virtual Dive in a Kelp Forest: https://youtu.be/HGMvPqfcDOk

Live Kelp Forest Cam: https://youtu.be/7mdv9Vb2tjU

Ecosystems of California: Threats and Responses: http://calnat.ucanr.edu/files/263126.pdf

Ecosystems of California videos: https://www.youtube.com/playlist?list=PLBEIahTDJmdkf-

eL6ZQZtvxXFHQUKl0cF

     Crosscutting Concepts

          Online Resources  

Appendices
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NGSS Alignment

 Appendix
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NGSS Alignment

 Appendix



1. Write the common name of 5 organisms your group identified while 

tidepooling:

 

a.

 

b.

 

c.

 

d.

 

e.

 

2. Explain how your 5 identified organisms are similar. What characterizations/ 

adaptations do they share?

 

 

 

 

3. What are some potential threats to the everyday life of your observed 

organisms?

 

 

 

4. What ecological services does this ecosystem provide?

 

 

 

5. Is your ecosystem located in an marine protected area (MPA)? If so, how do 

you think your results might be different from an unprotected area? If you are 

not in an MPA, do you think this ecosystem would benefit by becomng an 

MPA?

 

 

 

 

6. What can you do to enhance the conservation of our coastal and marine 

ecosystems and wildlife?
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Ecosystem Exploration



Background Info:

Trash in the Ocean

     Have you ever seen trash on the beach? Unfortunately, a lot of trash finds its 

way into our oceans. Most trash reaches the ocean by floating down rivers - it 

can also be left by people on beaches, thrown/dumped from boats, or blown by 

the wind. We call human-created trash in our oceans “marine debris.”

     Most marine debris is plastic. There is so much plastic in our oceans that it 

swirls together on giant “plastic islands” like the Great Pacific Garbage Patch. 

This is an area of the ocean filled with plastic - some that floats and a lot that is 

sinking throughout the entire ocean - and it has grown to twice the size of 

Texas. There are 5 plastic islands around the world.

     Every year, an organization called the Ocean Conservancy runs an 

International Coastal Cleanup Day. People all around the world volunteer to 

collect trash on beaches and coastlines and the Ocean Conservancy counts what 

people find. In 2017, 800,000 people volunteered and picked up over 20 million 

pieces of trash. That’s a lot of trash!

 

Discussion: 

What kind of trash is in the ocean?

●   Break students into pairs or small groups and have them discuss what types 

of trash they think may end up in the ocean.

●   Bring the students back together and ask for volunteers to share one item 

their group suggested. Write up a list on a whiteboard. Keep going until you 

have a sizable list.
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Marine Debris and MPAs
Lesson 3

NGSS: DCI (Disciplinary 

Core Ideas):

MS-ESS3-3 

MS-ESS3-4

MS-LS2-5

 
Time: 60-90 mins.

 

Materials for the Teacher

●   Whiteboard with marker

●   Picture of Great Pacific 

Garbage Patch

●   Gloves

●   Ocean Conservancy 

datasheet or Clean Swell 

app 
 

Materials for the Students

●   Whiteboard with marker 

or pencil and paper

●   Marine debris kit (see 

description)

●   Trash bags or buckets

●   Trash pickers

Learning Objectives
A) Students will learn what kinds of human trash end up in the ocean.

B) Students will understand how long it takes these items to break down. 

C) Students will collect data on marine debris.

D) Students will participate in a stewardship project.



Activity: 

Coastal Stewardship Community Science Project

●   Have your students walk along a section of beach, rocky shore, coastline, etc 

(in an MPA if possible!). and look for trash. Collect all of the trash that the 

students find in one bag or bucket. If available give students trash pickers so 

they may aid with picking up trash.

●   Record trash found either on Coastal Conservancy datasheet (see appendix) 

or in their Clean Swell app.

●   At the end of your walk, circle up and review the items that you found. Ask 

the students - what surprised you? What was our most common item? How did 

this trash get here (i.e. do we think it washed up or was dropped here)?

●   If you don’t find any trash, discuss why that may be (and remind students 

that not finding anything is still data!). What kind of coastlines have lots of trash 

vs. which ones are relatively clean? Why?

 
Activity: 

Common Marine Debris

●   Break students up into small groups.

●   Give each group a piece of scrap paper and a pen/pencil or a small 

whiteboard and whiteboard marker.

●   Have each small group discuss which trash items they think are most 

commonly found on beaches. Each group should make a list of 10 items.

●   Once the groups have made their lists, share the 2017 Ocean Conservancy 

ranking with the students.

●   Ask them - did you have any of these on your own lists? What surprised 

you? Why do you think these items are so common?

 

Background Info:

Trash Takes a Long Time to Decompose

     People sometimes think that it’s ok if trash ends up in the ocean because 

after a few years, it will break down and decompose, just like compost in a 

garden. Unfortunately, most marine debris takes a very long time to break 

down in this way and some never will. Research has shown that plastics are 

not able to biodegrade (be broken down by bacteria and other animals) but 

actually break down into smaller and smaller pieces until they become 

microscopic particles called microplastics – these can stay in the food chain 

forever.
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Vocabulary

●   Marine Debris: Human-

created waste that has 

deliberately or accidentally 

been released in a lake, sea, 

ocean, or waterway.

●   Great Pacific Garbage 

Patch: A trash island 

between California and 

Hawaii representing the 

largest accumulation of 

ocean plastic in the world. It 

is currently larger than the 

state of Texas and has 

approximately 80,000 tons 

of plastic, the equivalent of 

500 jumbo jets.

●   Biodegrade: The 

breakdown of a material by 

bacteria, fungi, or other 

biological means.

 

Connections:

Art, science, engineering

 

Ocean Literacy 

Connection:

6G: Everyone is responsible 

for caring for the ocean. The 

ocean sustains life on Earth 

and humans must live in 

ways that sustain the ocean. 

Individual and collective 

actions are needed to 

effectively manage ocean 

resources for all.

 

Suggested extensions:

Sterilize trash collected 

during beach cleanup and 

have students make art work 

with it.



The following list of marine debris is ranked from most to least commonly found on beaches 

from the 2017 Ocean Conservancy report. The time to biodegrade (or, in the case of plastics, 

to break down into microplastics) was added by 4Ocean:

 

1. Cigarettes/Cigarette Filters - 1-5 years

2. Plastic Food Wrapper/Containers - 20-30 years

3. Plastic water bottles - 450 years

4. Plastic bags - 10-20 years

5. Plastic caps and lids - 450-1,000 years

6. Plastic utensils - 450 years

7. Plastic straws and stirrers - up to 200 years

8. Glass bottles - 1 million years (estimated, exact time unknown)

9. Aluminum cans - 80-200 years

10. Paper bags - 1 month

 

Activity: 

Trash Timeline

●   Break students into small groups (you may choose to keep them in their same groups from 

the previous activity) and hand out a marine debris kit to each group. The kit contains 10 

pieces of trash (one of each listed above.) Tell the students the ranking and have them order 

their items from most to least common.

●   Ask the students to discuss which items they think will break down the quickest and which 

ones may take longer.

●   Challenge the students to rearrange their marine debris items - this time ranking them from 

quickest to break down to slowest to break down. (Optional: you may choose to hand out 10 

cards, each of which has one of the time scales listed above, and have the students label each 

item with a number of months/years. Consider the age of your students and whether this will 

enhance their learning or impede it.)

●   Share the actual ranking.

●   Ask the students - which one surprised you? What does this tell us about marine debris?

 

Discussion: 

What can we do?

●   Break students into pairs or small groups. (This may also be done as a full group 

discussion.)

●   Ask the students - Why is it important to keep trash out of the ocean? What can we do 

to help address the problem of marine debris? What kinds of marine debris will be in our 

oceans the longest and how can we prevent them from getting there? What happens to this 

problem as the human population grows?
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Debrief/Check for Understanding:

     Have students synthesize what they have learned about marine debris and the data they 

collected by asking the following:

     In previous lessons we learned that marine protected areas are great for protecting coastal 

and marine ecosystems from selective pressures such as fishing, collecting, and other forms of 

take. Do you think MPAs protect ecosystems against marine debris?

     Unfortunately, MPAs are still susceptible to certain types of human impact such as climate 

change, ocean acidification, and marine debris so other types of management are necessary.

     Challenge students to use what they have learned over the previous three lessons to create 

a plan to help protect MPAs from marine debris. Instructor note: many students will come up 

with the solution of making littering illegal inside of MPAs. Gently remind them that not 

everyone listens to the rules and even if they do, litter from other areas will still blow or float 

in from other areas, so a more comprehensive plan is needed.

     Have each group create a poster or some other kind of written artwork depicting their 

plan and share.
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Engage: Take students for a walk on the beach!

Explore: Allow students to explore the beach while picking up trash for subsequent activities and 

discussions.

Explain: Explain what marine debris is and discuss how it affects our oceans.

Elaborate: Have students participate in marine debris timeline activity to explore lasting effects of 

marine debris.

Evaluate: Evaluate students understanding by having them synthesize what they have learned to 

extrapolate this problem to marine protected areas and come up with a potential conservation plan.

 NGSS Alignment

            Science and Engineering Practices

MS-ESS3-3. Apply scientific principles to design a method for monitoring and minimizing a 

human impact on the environment.

MS-ESS3-4. Construct an argument supported by evidence for how increases in human 

population and per-capita consumption of natural resources impact Earth's systems.

MS-LS2-5. Evaluate competing design solutions for maintaining biodiversity and ecosystem 

services.

1.     Asking questions

3.     Planning and carrying out investigations

4.     Analyzing and interpreting data

6.     Constructing explanations

7.     Engaging in argument from evidence

8.     Obtaining, evaluating, and communicating information
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NGSS Alignment

2. Cause and effect: Mechanism and explanation. Events have causes, sometimes simple, 

sometimes multifaceted. A major activity of science is investigating and explaining causal 

relationships and the mechanisms by which they are mediated. Such mechanisms can then be 

tested across given contexts and used to predict and explain events in new contexts.

3. Scale, proportion, and quantity. In considering phenomena, it is critical to recognize 

what is relevant at different measures of size, time, and energy and to recognize how changes 

in scale, proportion, or quantity affect a system’s structure or performance.

Ocean Conservancy Datasheet: https://oceanconservancy.org/wp-

content/uploads/2017/04/OC-DataCards_volunteerFINAL_ENG.pdf

Optional video: “The Majestic Plastic Bag”: https://www.youtube.com/watch?

v=GLgh9h2ePYw

     Crosscutting Concepts

          Online Resources  
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Sandy shores are areas where deposits of sand or other sediments cover the 

shoreline. To beachgoers, sandy shores often appear to be devoid of life, made up 

only of sand, shells, and the occasional piece of driftwood. But in reality, this 

dynamic habitat is home to a diversity of species, each specially adapted for life 

above or below the sand. These organisms must contend with pounding waves, 

changing tides, and constantly shifting sand particles - not to mention people who 

love to visit and develop beaches! 

Sandy Shores

Pearson Education, Inc.
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Swash and tides supply food, oxygen, and

nutrients and carry away waste products.

In contrast with rocky shore habitats,

organisms living on sandy shores can retreat

into the substratum in order to avoid

desiccation during low tide. 

There are many advantages of living on a

sandy shore including: 

However, there are also many

challenges of living in the

intertidal: 

Sediments are constantly shifting due to wave

energy, tidal fluctuations, currents, and wind.

Organisms living in the intertidal sections of a

sandy shore must deal with marine predators at

high tide and terrestrial predators at low tide.

Oxygen availability quickly decreases with

sediment depth. 

Key Words

Shoreline: The line where a body of water and the 
shore meet. 
 
Beach: A deposit of loose material on shores that is 
moved by waves, tides, currents, and wind. 
 
Intertidal Zone: The area between high and low 
tides. 
 
High Tide: The tide when the water is at its highest 
level. 
 
Low Tide: The tide when the water is at its lowest 
level. 
 
Adaptation: A physical or behavioral change that 
helps an organism survive in its environment. 
 
Swash: The rush of water up the shore after the 
breaking of a wave. 
 
Desiccation: A state of extreme dryness caused by 
prolonged periods of being out of the water. 

In order to survive in this dynamic habitat, 

organisms that live in and on sandy shores 

have evolved a wide array of specialized 

adaptations.  
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Sand
We all know what sand it...it is that stuff we play in and build sand 

castles with at the beach. It's the stuff that gets stuck between our toes 

and fills our car after a fun day in the sun! 

 

Sand is actually rather complex. It is made up of abiotic things such as

small, loose pieces of rock, soil, and minerals, as well as biotic things 

such as shells. 

 

Sand is formed when these larger items are weathered by waves, 

wind, rain, or ice, thereby breaking them down into small grains. 

 

Sand can be made up of many different compounds, such as quartz, 

calcium carbonate, or volcanic fragments. What the sand is made up 

of determines its color. Sand can be white, tan, black, green, or even 

pink! 

 

Each beach is made up of more grains of sand than we can even 

imagine! For example, if you take a 30 second walk on the beach, you 

have already walked over trillions of grains of sand!

Watch It: The Amazing Life of Sand - Deep Look by KPBS 

https://youtu.be/VkrQ9QuKprE 

 

 

 

Explore It: Bring a sample of sand to class. Have students look at 

the sample with a magnifying glass or under a microscope. Have 

them try to sort and/or identify what they see!

Key Words

Sand: Granular material made up of 

weathered rocks, minerals, and shells. 

 

Abiotic: Non-living things. 

 

Biotic: Living or once-living things. 

 

Weathering: The process by which 

waves, wind, water, or gravity breaks 

things down into smaller pieces.
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To deal with the challenges of living on a sandy shore, organisms 

have developed a wide array of adaptations. 

THREAT: Sand and water are in 

constant motion 

ADAPTATIONS: Many sandy shore 

creatures are expert burrowers and dig 

down into the sand to avoid being washed 

away by waves. When wave energy gets 

too high, clams use a powerful foot to 

quickly burrow to safety. They will wait 

until the tide changes and the sea is more 

calm, then come out to eat. 

THREAT: Predation from terrestrial 

species (birds and mammals) 

ADAPTATIONS: Burrowing into the 

sand can also help creatures avoid being 

eaten. Mole crabs like to feed on tiny 

plankton in the swash, then burrow down 

into the sand as the water recedes so that 

they won’t be picked off by a sea bird.

THREAT: Oxygen levels are very low 

within the sand and sediment 

ADAPTATIONS: Many organisms that 

live in and on sandy shores are able to use 

oxygen very efficiently, meaning that a 

little bit of oxygen goes a long way. These 

creatures are able to use a small amount of 

oxygen to create enough energy to keep 

them alive. 

Adaptations
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Tides
Tides are are the periodic rising and falling of ocean water that occur 

at regular intervals because of the gravitational pulls of the sun and 

the moon. Tides seem to make the water creep up the beach with each 

incoming wave for part of the day until it reaches a so-called “high 

tide line” and then retreat back down the beach in the same manner. 

The height of tides is determined by the positions of the Earth, sun, 

and moon. The gravitational pulls of the sun and the moon pull the 

ocean water toward them, so the Earth will experience high tides on 

the sides of the Earth closest to the sun and the moon. Since the moon 

revolves around the Earth, the Earth revolves around the sun, and 

Earth rotates on its own axis the distances and relative position of each

of these are constantly changing. Depending on the distances of the 

sun, Earth, and moon the tides may be higher or lower and the currents

stronger or weaker.

For example, when the sun and the moon are at a right angle with the earth, a phenomena 

known as a neap tide, their gravitational pulls partially cancel each other out creating 

weaker tides. When the sun and moon align with the Earth, called a spring tide, their 

gravitational pulls combine creating stronger tides. Since the sun is 360 times further from 

the Earth than the moon, the gravitational pull of the moon is twice as powerful as the pull 

of the sun. The Earth and the moon revolve around a common point every 27.3 days 

creating a tidal cycle that repeats approximately every 27.3 days.  

Key Words
Tides: The periodic rising and falling of 

ocean water that results from the 

gravitational pulls of the sun and the 

moon. 

 

Neap Tide: The weak tide created when 

the sun and moon are at a right angle 

with the Earth. 

 

Spring Tide: The strong tide created 

when the sun and moon align with the 

Earth. 

 

Tide Chart/Tide Table: A graph used 

to represent predicted high and low tides 

over a set period of time at a specific 

location.
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There are two high tides and two low tides each day which, because of the angle of the 

moon to the Earth, may not be of equal height. Tide heights may also differ from day to day 

due to the changing distance between the Earth and the moon. The timing and height of each

high and low tide are predictable and any fluctuations may be measured by scientists and 

used to track hurricanes and winter storms. 

 

Tides are reported in a tide chart or tide table which shows the predicted water level at a 

specific location over a certain period of time. Water levels are portrayed as a wave with 

time and date on the x-axis and water level on the y-axis. The crests of the wave represent 

the high tides, while the troughs represent the low tides. To determine what the water level 

will be at a given time find the date and time on the bottom of the chart, trace up to the tide 

line, and then look to the left side of the chart. Tide charts are specific to a certain time 

period, so new tide charts are issued regularly. 

 

 

 

 

 

 

 

 

 

 

 

Tide charts for the United States may be found through NOAA: 

https://tidesandcurrents.noaa.gov/tide_predictions.html 

 

Tide charts in Mexico may be found through UNAM: 

http://www.mareografico.unam.mx/portal/index.php?page=Estaciones
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Take, damage, injury, or 

possession of any marine resource 

(living, geological or cultural) is 

prohibited. Recreational activities 

are encouraged.

Take, damage injury, or 

possession of any natural 

resource (living, geological or 

cultural) is prohibited.

Take, including fishing/harvest of 

some marine resources is 

permitted. Some consumptive 

recreational and commercial 

activities are allowed at specific 

locations. 

 Matlahuayl  
South La Jolla                      
Cabrillo

Batiquitos Lagoon                 
San Elijo Lagoon                  
Famosa Slough 

 

Swami's 

San Diego-Scripps Coastal 

South La Jolla 

San Dieguito Lagoon 

Tijuana River Mouth

State Marine Reserve (SMR)

No-Take State Marine Conservation Area (SMCA) 

State Marine Conservation Area (SMCA) 

M
PA

s
Marine Protected Areas (MPAs)

California’s coastal and marine ecosystems are some of the most iconic and treasured 

resources in the state and contribute greatly to the history, identity, and economy of the area. 

Unfortunately these same ecosystems are also some of the most exploited and without proper 

care the long-term health of these resources is in jeopardy. Recognizing the need to 

safeguard California’s coastal and marine ecosystems the state legislature passed the Marine 

Life Protection Act in 1999. This act aimed to protect California’s precious marine resources 

by creating a statewide network of marine protected areas (MPAs). Designed to protect the 

diversity and abundance of marine life while still maintaining recreational access for people, 

MPAs now protect over sixteen percent, or 850 miles, of the California coast. 

 

Just as state parks protect resources on land, MPAs protect resources in the ocean by 

managing human activities within biologically important areas. The Marine Life Protection 

Act recognizes that a combination of MPAs with varied amounts of allowed activities and 

protections (marine reserves, marine conservation areas, and marine parks) can help 

conserve biological diversity, provide a sanctuary for marine life, and enhance recreational 

and educational opportunities. 

 

There are 11 MPAs in San Diego County that fall under three categories: 

Key Words
Marine Protected Area 

(MPA): MPAs are areas in or 

near the ocean made to protect or 

conserve marine life and habitat, 

safeguard cultural sites, and 

provide enhanced recreational 

opportunities 

 

Natural Resource: Materials or 

substances such as minerals, 

forests, water, or animals that are 

found in nature and are valuable 

to humans. 

 

Take: To hunt, pursue, catch, 

capture, or kill, or attempt to hunt, 

pursue, catch, capture, or kill.   
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Birds

Mammals

MammalsMammals

Fish FishFish

Reptiles

*Sea lion

Otariinae

*Great blue heron

Ardea herodias

*Rockfish spp.

Sebastes
Pacific bonito

Sarda chiliensis lineolata

Sunfish

AKA Mola

Mola mola

*Shovelnose guitarfish

Rhinobatos productus

*Leopard shark

Triakis semifasciata

Bat ray

Myliobatis californica

Round stingray

AKA Haller’s round ray

Urolophus halleri

*Kelp bass

AKA Calico bass

Paralabrax clathratus

*Barred sand bass

Paralabrax nebulifer

*Spotted sand bass

Paralabrax maculatofasciatus

*Giant sea bass

Stereolepis gigas

California halibut

AKA California flounder

Paralichthys californicus

*Green sea turtle

AKA Green turtle, 

Pacific green turtle

Chelonia mydas

Short beaked common dolphin

Delphinus delphis

Topsmelt

Atherinops affinis Ayres

Californian anchovy

Engraulis mordax

Pacific sardine

Sardinops sagax

*Croaker spp.

Sciaenidae

*White sea bass

Atractoscion nobilis

California corbina

Menticirrhus undulatus

*Harbor seal

Phoca

Pacific whiteside dolphin

Lagenorhynchus obliquidens

Bottlenose dolphin

Tursiops

Gray whale

AKA Pacific gray whale, California gray whale

Eschrichtius robustus

Blue whale

Balaenoptera musculus

Although all of the animals found on this page can be seen in 

Southern California MPAs, those labeled with a star (*) are more likely 

to gain a direct benefit from MPAs. Animals marked with a star have 

smaller home ranges and/or spend significant portions of their lives 

within MPAs. As these animals grow larger, their offspring can help 

repopulate adjacent waters.

THE IMAGES OF ORGANISMS ARE NOT MADE TO SCALE



Birds Fish Fish

Fish

Invertebrates

Invertebrates Invertebrates

*Tern spp.

Sternidae

*Brown pelican

Pelecanus occidentalis

*Double-crested cormorant

Phalacrocorax auritus

*California least tern

Sterna antillarum browni

*Gull spp.

Laridae

Osprey

AKA Sea hawk, 

River hawk, Fish hawk

Pandion haliaetus

*Horn shark

Heterodontus francisci

Spiny dogfish

AKA Spurdog, Mudshark, Piked dogfish

Squalus acanthias

Great white shark

Carcharodon carcharias

Sevengill shark

Notorynchus cepedianus

*California Two-spot octopus

Octopus bimaculoides

Bat star

Patiria miniata

*Purple sea star

AKA Ochre sea star, 

Ochre starfish

Pisaster ochraceus

Banded brittle star

Ophiolepis superba

*California sea cucumber

Parastichopus californicus

Sea anemone spp.

Actiniaria

*California sea hare

Aplysia californica

*Sea snails

Gastrapoda

*Wavy top turban

Megastraea undosa

*Abalone spp.

Haliotidae

*California spiny lobster

Panulirus interruptus

*Sea urchin

Echinoidea

Western sand dollar

AKA Pacific sand dollar

Dendraster excentricus

Garibaldi

AKA Garibaldi damselfish

Hypsypops rubicundus

*California scorpionfish

AKA Spotted scorpionfish

Scorpaena guttata

Pacific seahorse

Hippocampus ingens

*Opaleye

Girella nigricans

Californian killifish

Fundulus parvipinnis

Pacific jack mackerel

AKA California jack mackerel

Trachurus symmetricus

*Goby spp.

Gobiidae

*Blacksmith

AKA Blacksmith chromis, 

Blacksmith damselfish

Chromis punctipinnis

Giant kelpfish

Heterostichus rostratus

*Male California sheephead

Semicossyphus pulcher

*Female California sheephead

Semicossyphus pulcher

Señorita

Oxyjulis californica



Sea, Sand, Me!
This lesson plan is based on the book Sea, Sand, Me! by Patricia Hubbell 

Book Summary 

This delightful rhyming story captures the special moments a mother and daughter share when spending a 

day at the beach. Soft pastel illustrations help capture the beauty of a summer afternoon at the shore. 

 

Objective 

Activities will encourage children to hear and identify rhyming words and rhythmic text and recall events 

in the story. 

 

Before Reading 

Show the children the book Sea, Sand, Me! by Patricia Hubbell. Ask them to predict what the story will be 

about. Record their predictions on chart paper. Read the story then compare their predictions with the 

story. 

 

Teaching Plan 

 

Materials 

-Sentence strip paper 

-Marker 

-Pocket chart 

In advance: Write the following sentences on individual strips of paper. 

 

Pack up our beach bags and load up the car. 

Put on my sun hat and put lotion on my nose. 

Play in the sand. 

Play with the birds. 

Meet a friend and build a sand castle. 

Play with seaweed and shells. 

Dance in the water and jump in the waves. 

Eat lunch. 

Play beach ball and find shells. 

Wave good-bye to my friend. 
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Sea, Sand, Me! cont.
1. Reread the story to a small group of children. Place the sentences into a pocket chart, mixing up the 

order of events. Or place them in the middle of the rug where they can read them. Read each sentence to 

the students. 

2. Now ask the children to organize the sentences to match the sequences of the story. Encourage them to 

recall the events from the story. Invite them to refer to the book, if necessary. 

3. Offer all the children an opportunity to engage in the activity. Keep the sentences and the book available 

so they can continue practicing this sequencing activity. Some students may even enjoy creating their own 

drawings to illustrate each sequence. 

 

Read It With Rhythm 

1. Read the book to the children with a lot of expression to emphasize the rhyme and rhythm of the text. 

Once they have become familiar with the story, invite them to join in as you read aloud. Students can clap 

along to the rhythm. 

2. Now leave off the last rhyming word and encourage them to complete the sentence. Have fun reading 

this lively story as a group. 

 

Rhyming Beach Words 

1. Ask the class to create another list of words that describes the beach. Review the book's illustrations so 

they can identify different objects like the sun hat, beach bag, umbrella, and birds. They can also include 

additional words that are not included in the story, but relate to their own experiences at the beach. 

2. Reread the new word list with the children. Now invite them to think of words that rhyme with these 

words. Add these to the list. 

 

Rhyming Word Drawings 

Materials 

-Drawing paper 

-Craypas, crayons, or watercolor paints 

-Pencil 

-Scissors 

-Rhyming word lists 

-Resealable plastic bags 

 

1. Cut apart the rhyming-word lists the children developed in the previous activities. Put sets of rhyming 

words into individual resealable plastic bags. 

2. Set up a table with art materials and invite several children at a time to do the activity. Tell them that 

they will each get a set of rhyming words and they will create a drawing about their words. 

3. Then ask them to create a sentence or story about their drawing that includes their rhyming words. Can 

they make up their own rhyme? Offer assistance, if needed. 

4. Invite the children to share their work during group time. 
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Shifting Sands
The ocean is constantly in motion, and nearshore currents carry sand and sediment along with 

them. Structures we build to protect the coast from erosion can change the shapes of beaches, for 

better or for worse! 

 

Activity 

1. Have students read background material from “Background and Model Instructions” worksheet (allow 

10 minutes or so). 

 

2. Lead whole class discussion on beach erosion, cliff erosion, and the protection of beachfront property. 

Describe the processes that create beaches. (Wind, waves, currents bring sand to beaches; currents and 

waves move sand along the coast). What types of structures do people build to protect their coastal 

property? (Groins, rip-rap, seawalls.) What happens when you disrupt the natural flow of sand along our 

coast? (Some beaches are built up, while others get smaller. Smaller beaches 

increase the risk of erosion of coastal cliffs and bluffs.) 

 

3. Following instructions on worksheet, guide students in building the models. Divide students into small 

groups (groups of five is preferable). Distribute pans, sand, and rulers. Students should bring a pencil and 

unlined paper to their group. Students use tape to label the shorter sides of the pan “East” and “West.” 

Students pour up to 4 inches of sand into the east end of their pans, and then gently add tap water up to 2 

inches deep on the west end of the pan. 

 

4. Students fold their paper into fourths. Using one section labeled Diagram #1, students draw their  

experimental models. 

 

5. Student #1 uses a ruler to create a gentle wave action in the pan, in a general west-to-east movement. 

 

6. Each student draws how the model appears after wave action (label it Diagram #2). What are the effects 

of erosion? How has the coastline changed as a result of the wave action? 

 

7. Student #2 positions the sand in its original model configuration. Student #3 sets two to three rulers on- 

edge into the sand lengthwise about 4 inches apart, representing groins. Student #4 uses a ruler to create 

the same gentle west-to-east wave movement. What happens in between the groins? What happens to the 

shoreline? Students draw Diagram #3. Now, Student #5 makes waves coming from the northwest. 
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Shifting Sands cont.
Results and reflection 

1. Display the beach images with groins and jetties (next page). Ask students what they think are the 

forces at work here. (Currents, waves, actions of waves hitting a vertical surface, water carrying sand in 

suspension). 

2. Compare and contrast jetties with groins. (Groins protect beaches from getting washed away by waves 

and currents. Jetties help to protect inlets and harbors from filling up with sand moving along shore. Both 

jetties and groins can be constructed of rock. Both affect beaches to either side.) 

3. Discuss social and political aspects of building beach protective structures on public and private land. 

What happens if a beachfront homeowner wants her or his beach to be larger, because she or he 

is concerned the home is threatened by waves, and builds a groin to nourish the beach? The homeowner’s 

property is located north of a public beach, and the longshore current goes north to south. What 

will happen to the homeowner’s beach? What will happen to the public beach? Should he or she be 

allowed to build the groin? Who will be responsible for the loss of the multi-million dollar home if the 

groin is not built and the waves destroy the home and property? How could this 

situation have been prevented? Note: in most cases, a California homeowner would not be permitted to 

construct such a groin. 

 

Conclusions 

Currents, waves, and wind determine movement of sand along our coast. Structures we make to protect 

beaches may have unintended effects. Living on the coast requires cooperation and compromise. 

 

Extensions and applications 

Hold a classroom discussion or have students write research papers on the following topics. 

• What are the effects on the coast due to the armoring of coastal cliffs 

that normally would be eroding? 

• Rules, regulations, and laws govern the construction of groins, jetties, 

and concrete cliff barriers. How can we balance public safety and recreation needs with needs of private 

property owners? 

• What are the benefits and risks of building on coastal cliffs and bluffs 

or beaches? How can we allow the natural forces of accretion and erosion 

to occur with minimum disturbance to human-made structures? 
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Shifting Sands cont.
Background and Model Instructions 

Glossary 

Seawall: a structure built on a beach, often made of concrete, parallel to shoreline, designed to protect 

buildings from the action of waves. 

Revetment or rip-rap: A structure consisting of large rocks or other materials stacked in front of an 

eroding cliff, dunes, or structures to protect from wave attack. 

Groin: A structure built perpendicular to the shoreline designed to trap sand moving along the shore due 

to the longshore current. A groin or group of groins usually extend to the end of the surf zone and are used 

primarily to replenish or stabilize beaches. 

Jetty: Structures built in pairs that extend further into the ocean than a groin, to stabilize a navigation 

channel and keep the water calm for harbor entrances. The construction of both groins and jetties severely 

affects the flow of sand moved by the longshore current, depriving downstream beaches of sand. 

Beach nourishment (replenishment): the process of moving sand from the offshore continental shelf or 

inland areas and depositing it onto the beach. Sand is dredged from the offshore shelf, often a mile or so 

from shore, and is loaded onto a barge which carries it close to the shore. The sand is sprayed onto a beach 

with the intent of widening the beach and increasing its height. The process of beach nourishment can be 

expensive, and it works best when the sand will stay in place for a long time. In some areas, winter storms 

have removed the sand added by the nourishment process within a single year. 

 

Background 

The ocean is in constant motion, fueled by currents, winds, tides, and waves. Every time you visit 

California’s coast, you witness the effects of the powerful forces of ocean waves and currents (whether or 

not you can see them at the time). Currents usually can’t be seen from the surface, but you can see waves 

as they break on the beaches, cliffs, or just offshore over submerged reefs. The word “wave” is used to 

describe an actual swell of water, as well as energy that moves through water. 

Tsunamis. Waves can be caused by wind, undersea volcanic eruptions, or earthquakes, though most 

waves are caused by wind. Those caused by volcanic activity or earthquakes are called “tsunamis.” A 

tsunami is a series of sea waves most commonly caused by an earthquake beneath the sea floor. In the 

open ocean, tsunami waves travel at speeds of up to 600 miles per hour. As the waves enter shallow water, 

they increase in height. The waves can kill and injure people and cause great property damage where they 

come ashore. The first wave is often not the largest; successive waves may be spaced many minutes apart 

and continue arriving for a number of hours. 

Since 1812, the California coast has had 14 tsunamis with wave heights higher than three feet; six of these 

were destructive. The worst tsunami resulted from the 1964 Alaskan earthquake—it caused twelve deaths 

and at least $17 million in damages in northern California. Evidence suggests that large earthquakes 

capable of producing large tsunamis recur every two or three hundred years (California OES Earthquake 

Program, Earthquake Education Center, Humboldt State University). For information on what to do in 

case of tsunami, check this web site: www.wsspc.org/tsunami/CA/CA_survive.html 

 15



Shifting Sands cont.
Surface Waves and Currents. Though both are powered by wind, waves and currents are different from 

each other. Waves transfer energy across the ocean surface from one part of the ocean to another. Surface 

currents are powered by the frictional drag of the wind on the ocean’s surface, can be swift, sustained, and 

river-like, and are responsible for mixing water and transporting sediments and nutrients long distances. 

Surface currents are quite regular, and are formed in conjunction with major global wind patterns, whereas 

surface wave direction and velocity are affected by changing winds during storms and vary widely. As 

waves transfer the energy to the sea surface, the ocean water moves up and down, like a float bobbing on 

the water. The stronger and longer the duration of the wind, and the greater the distance over which it 

blows, the larger the waves. When a wave enters shallow water, it starts to feel the ocean floor and the 

lower part of the wave slows down while the upper part continues until it topples over. This is when it 

“breaks” on the beach. Breaking waves (or “breakers”) also stir up sand and move it onto the beach. 

Erosion, Transport, and Deposition. Currents and waves also move sediments along the shoreline. 

Removal of the sediments is called erosion. Movement of the sediment is called transport. When the 

sediments settle out on a beach, it is called deposition. During storms, waves and currents have more 

energy and more sand is removed. Coastal erosion is a natural process that occurs as cliff, bluff, or beach 

erosion. Coastal erosion is a fact of living on the coast, though many people (usually home and business 

owners who have valuable ocean front property) see it as a problem that must be contended with. 

Deposition causes some harbors to be filled with sand, and they then must be dredged regularly. 

Building Beaches. Coastal engineers can “build” the size of their beach by constructing groins. An 

unfortunate side effect of jetties and groins happens on the beaches downcurrent of the structures. As the 

water moves with the longshore current, it carries sand with it. The water and sand hit the side of the groin, 

and the sand builds up on the beach that is upcoast of the jetty or groin. But, this means that the beach on 

the other side of the jetty or groin gets less sand, as the sand is stopped by the groin. What property owners 

do on their property can affect beachside property nearby and even public beaches. 
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Critter Card Games
Critter Concentration 

1. Print out two sets of critter cards. Color the cards and cut them out along the dotted lines. 

2. Spread all the cards out face down on a table. 

3. Mix them well and arrange them in rows. 

4. Taking turns, each player chooses two cards and turns them face up so that all the players can see them. 

If the cards match, the player may keep the cards then take another turn. If the cards do not match, the 

player should turn the cards face down again. The next player can then take their turn. 

5. The player with the most matching pairs wins. 

 

Critter - Go Fish 

1. Print several copies of the critter cards. Color the cards and cut them out along the dotted lines. 

2. Use the cut-up cards to play Critter "Go Fish." 

 

Guess Who 

1. Print out two sets of critter cards. Color the cards and cut them out along the dotted lines. 

2. Spread all the cards out face down on a table. 

3. Mix them well. 

4. Taking turns, each player chooses a secret critter card from the stack. Have the other players ask "yes" 

and "no" questions to guess your animal. For example, do you live in a shell? Do you have legs? 

17

Lesson by: Monterey Bay Aquarium



© M O N T E R E Y  B A Y  A Q U A R I U M
http://www.montereybayaquarium.org/lc/activities/critter_cards.asp

Critter Cards - Sandy Beach & Wetlands 1 - 7

Bat ray

Beach hopper

Barred surfperch

Bat ray
Myliobatis californica [size: to 6 ft. wide (1.8 m)]

Bat rays prey on clams, shrimp, worms and other
invertebrates that live in the mud. Flapping their
wings to clear away mud, rays suck up their prey,
crushing the shells with their strong jaws and
hard, flat teeth.

In summer, bat rays enter sloughs and bays
where they give birth to live young. It's a trait
they share with several other members of the
shark family.

Barred surfperch
Amphistichus argenteus [size: to 17 in. (43 cm)]

Barred surfperch usually live in or just beyond the
waves, but also venture into waters as deep as
240 ft. (73 m). Instead of releasing eggs,
surfperches give birth to live young.

Barred surfperch feed on sand crabs, clams and
other invertebrates. Fishermen catch and eat
surfperches, as do seals and larger fishes.

Beach hopper
Orchestoidea californiana [size: to 1.1 in. (2.8 cm)]

Beach hoppers live high on the beach, out of
reach of the waves. They burrow during the day
to keep cool and moist and to hide from hungry
shorebirds. At night, they come out and hop
about in search of food.

Beach hoppers eat the seaweed that washes up 
on the beach.
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Brown pelican

By-the-wind sailor

Bent-nosed clam

Brown pelican
Pelecanus occidentalis [size: to 7 ft. wingspan (2 m)]

Thousands of pelicans visit Elkhorn Slough in
summer and fall. In late fall, they migrate south to
Mexico and South America where they build 
saucer-shaped nests on the ground or in trees and
raise two to three young.

In the 1960s, heavy use of the pesticide DDT
nearly killed all the brown pelicans. Today, DDT is
banned in the United States. But its use in Mexico
and other countries along with habitat loss
within the pelican's range are still threats.

Bent-nosed clam
Macoma nasuta [size: to 2.5 in. (6 cm)]

Using its muscular foot, this clam digs about six
inches down into the mud. It rocks back and forth
as it digs, like a coin sinking in water. When it
finally settles, it lies horizontally, not vertically like
most clams.

To eat and breathe, it sticks a tube up to the
mud's surface. Like a vacuum cleaner, the clam 
sucks down tiny particles, mostly the remains of
plants and animals, along with sand and grit.
Then it sorts the food from the muck.

By-the-wind sailor
Velella velella [size: to 3 in. (7.6 cm)]

By-the-wind sailors usually live far out to sea, but
many get blown ashore in the spring. The angle
of the sail may determine where they land. Those
whose sails angle to the left are blown to our
coast, while right-angled ones sail toward Japan.

These jellyfish relatives use their tentacles to catch
passing plankton.

2 - 7
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Fat innkeeper worm

Great blue heron

Drift seaweed

Fat innkeeper worm
Urechis caupo [size: to 20 in. (51 cm)]

An innkeeper worm digs a U-shaped tunnel in the
mud. At one end, it attaches a mucous net that it
secretes from special glands. Slowly pulsing its
body, the innkeeper pumps water through its 
tunnel. As water flows through, the net traps tiny
plankton floating in the water.

When the net is full, the innkeeper eats both it
and the trapped food. Worms, crabs and even
goby fish share the tunnel, eating anything the
innkeeper misses.

Drift seaweed

Rough waves rip seaweed from offshore rocks and
toss it onto beaches. Often these tangles bring in
offshore creatures that lived on the seaweed.

These seaweeds are the only large plants you'll see
on the beach, so they're centers of activity. Small
animals like beach hoppers eat the decaying algae
and hide beneath it.  Larger animals, like
shorebirds, come to hunt the smaller animals.

Great blue heron
Ardea herodias [size: to 6 ft. wingspan (1.8 m)]

Great blue herons live year-round at the slough.
They depend on the slough to eat, rest and raise
their young. Look for them standing still in
shallow water, quietly waiting to snatch and eat
small fishes that swim by.

In early spring, great blue herons build nests in
the tops of trees. Made of twigs and leaves, each
nest shelters three to five bluish-green eggs. Both
the male and female incubate the eggs, which
take about two months to hatch.
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Moon snail

Olive snail

Pickleweed

Olive snail
Olivella biplicata [size: to 1 in. (2.5 cm)]

The olive snail plows through the sand just below
the surface, leaving a furrow behind.  Its smooth,
streamlined shell helps it slip through the sand.
To breathe, the snail sends a tube above the sand.

The olive snail eats dead animals and plants. It
may also gather tiny food bits from the sand.

Pickleweed
Salicornia virginica [size: to 25 in. (63 cm]

This plant can withstand salty conditions that
would cause other plants to wither and die.
Pickleweed draws the slough's saltwater into its
stems and stores the extra salt in the tips of the
stems. In fall, the stems turn color, becoming an
orange or rosy red. Then they wither and drop
off, taking the stored salt with them.

Moon snail
Polinices lewisii [size: to 5 in. (13 cm)]

The moon snail plows slowly through the sand,
hunting for clams. Finding one, the snail
surrounds the clam with its huge foot. It drills a
hole in the shell, rasping with its filelike tongue
and softening the shell with a special liquid.
When the hole is finished, the snail eats the clam's
soft insides.



Pismo clam

Plankton

Pipefish with eelgrass

Pismo clam
Tivela stultorum [size: to 6 in. (15 cm)]

Pismo clams dig into the sand near the surf
zone. To dig, a clam pushes its foot downward
through the sand like a wedge. Then it anchors
the foot and pulls the shell along after it. 

Clams send a feeding tube above the sand. They
inhale water through it, filtering out tiny plants
and animals called plankton.

Plankton

Plankton are plants and animals that drift on
ocean currents instead of swimming. Most are
tiny; these pictures are many times larger than
the actual organisms.

Plant plankton form the first link in many of the
ocean's food chains. Animal plankton eat these
tiny plants. Filter-feeders like clams and sand
crabs eat both kinds of plankton.

Pipefish with eelgrass
Syngnathus leptorhynchus with Zostera marina 
[size: pipefish to 13 in. (33 cm); eelgrass to 3 ft. (91 cm)]

With its long and thin green body, a pipefish
blends in well with the eelgrass blades it lives in.
It even sways back and forth with the currents like
eelgrass does.

Eelgrass, unlike most flowering plants, lives with
its roots in mud under the water. Its matted roots
trap sediments, helping to keep the mud in place
and providing a stable home for many animals.

(Plant plankton, top row from left:  two dinoflagellates,
chain diatom, diatom. Animal plankton, bottom row:

sea urchin larva, crab larva, snail larva, copepod.)
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Sand crab

Polychaete worm

Sand crab
Emerita analoga [size: to 1.4 in. (3.5 cm)]

Sand crabs live in the surf zone, following the tide
up and down the beach. To keep from washing
away, they burrow tail-first into the sand.
Burrowing also protects them from predators, like
surfperches and plovers.

To filter plankton from the water, a sand crab
sends fringed antennae up from the sand into
the passing waves.

Polychaete worm
Nephtys californiensis [size: to 12 in. (30 cm)]

This sandworm is similar to earthworms, but has a
row of bristled flaps on each side. It burrows
through the beach sand. If a wave uncovers the
worm, it quickly swims down and digs in again.
This worm preys mostly on smaller sand-dwellers.

Sand dollar

Sand dollar
Dendraster excentricus [size: to 3 in. (7.6 cm)]

Sand dollars live half-buried in the sand just
beyond the waves. They stand on end when the
water is calm, but dig in during storms using their
short spines. Young ones swallow heavy sand to
weigh them down.

Sand dollars feed on plankton and small organic
particles found on the sand or in the water.

© M O N T E R E Y  B A Y  A Q U A R I U M
http://www.montereybayaquarium.org/lc/activities/critter_cards.asp

Critter Cards - Sandy Beach & Wetlands 6 - 7



Sea hare

Skeleton shrimp

Skeleton shrimp
Caprella californica [size: to 1.5 in. (4 cm)]

You have to look closely to find skeleton shrimp.
Their small, clear, sticklike bodies blend in well
with the eelgrass where they live. They cling to
the plants with three pairs of legs, and use their
clawlike "arms" for grabbing food, fending off
predators and cleaning themselves.

A skeleton shrimp eats whatever it can. It feeds on
smaller plants and animals and scavenges for
other bits of food.

Sea hare
Aplysia californica [size: to 16 in. (41 cm)]

A sea hare glides along the muddy bottom,
searching for algae to eat. With its filelike tongue,
called a radula, it scrapes up its food, eating
nearly 10 percent of its body weight a day.

An adult sea hare is both a male and a female,
but it must mate with another sea hare. After
mating, it lays strings of greenish eggs that look
like spaghetti. Each string contains up to a million
eggs.

Snowy plover

Snowy plover
Charadrius alexandrinus [size: to 6.5 in. (16.5 cm)]

Snowy plovers skitter about on the dry upper
beach. They hollow out their nests right on the
sand. This is safer than it might seem; both eggs
and bird blend in so well, they're almost
impossible to see.

Plovers eat sand crabs, beach hoppers and other
invertebrates. They hunt in quick spurts, stopping
to grab a bite, then darting off again.
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MPA Migration
Lesson by: WILDCOAST

Time: 20-30 minutes 

 

Group Size: 15+ Students 

 

Materials: Large open space, hula hoops/rope/cones/etc. 

 

Activity: 

 

    In an open space, like a field or on the beach, denote a large rectangular playing area to represent the 

coast of California. Pick 3-4 students to play anglers and station themselves inside the playing field. 

Anglers are allowed to move throughout the game. The rest of the students will be fish, trying to migrate 

from one end of California to the other by running the length of the playing field without getting “caught” 

(tagged) by the anglers. Emphasize to the students that they are one population of fish, so they are not 

competing with each other. Rather, their goal is to have as many as possible successfully complete 

migration. Tagged students must go back to the start and wait for the next round. 

 

    For the first round play exactly as described above, expecting most of the fish to be caught. Ask 

students to think about what could be done to make their migration more successful. Place a hula hoop, or 

other marker, inside the playing field and explain to the students that this area denotes a marine protected 

area – a safe place where the anglers are not allowed to fish. Students standing in the MPA may not be 

tagged. Expect with only one MPA that migration will likely not be much more successful. 

 

    As you play continue to add more MPAs until you create a network of MPAs that spans the entire coast 

so students can jump from one MPA to the next without having to go in unprotected waters (students 

should not be tagged when jumping from MPA to MPA unless their feet touch the ground outside of the 

MPA). Discuss how this network approach led to the most success and why. The game ends when the 

entire fish population safely completes migration. 

 

 

 

EXTENSIONS: 1) Include MPAs of different sizes. Include some so small that students may fall out and 

get tagged. Discuss how larger MPAs are more effective at saving populations. 2) Include different types 

of MPAs. For example, in state marine reserves there is no fishing, but in some state marine conservation 

areas there is limited fishing, so an angler could tag them (perhaps from a stationary point). Discuss how 

no take areas, such as state marine reserves, are the most effective at protecting populations.
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MPA Detectives
Lesson Adapted From: San Diego Zoo's 

                                   Ooey Gooey Guts
Activity Summary 

In this activity students will dissect the “stomach” of a marine animal and use its contents to determine 

which animal their stomach is from and how their animal died. 

 

Recommended Grades 

4-8 

 

Grouping 

2-4 students per group 

 

Time 

Approximately 45 minutes 

 

Anticipated Outcomes 

Students will understand what a watershed is. 

Students will understand human impacts on watersheds. 

Students will learn to think like a scientist. 

Students will learn to identify animals based on their stomach contents. 

Students will learn some of the negative impacts humans are having on marine animals. 

Students will brainstorm ways to mitigate the negative impacts humans are having on marine animals. 

 

Materials 

● Map of local watershed 

● MPA Detectives dissecting mats (laminated)/One per group 

● Gloves (optional)/One pair per student 

● Goggles (optional)/One pair per student 

● Smocks (optional)/One per student 

● Tweezers/At least one per group 

● Dissection containers (small, plastic tupperware works well)/Several per group 

● Barrel of Slime (may be bought on Amazon) or clear Aloe Vera gel 

● Assorted marine animal parts, shells, etc. (See Stomach Kits in Teacher Preparations for suggestions) 

● Small trash items such as chip bags, plastic bags, nails, etc. 

● Notebooks 

● Pencils 

26



Teacher Preparations 

Stomach Kits*: Assemble the following kits ahead of the activity and store them in tupperware until use. 

You can print and laminate pictures of the prey, use miniature figurines, or if you are feeling extra ooey 

gooey you can use actual animal parts! (Note: If using actual fish pieces it is suggested to refrigerate 

stomach contents or add in right before lesson otherwise they get rather stinky). 

 

Garibaldi - Anemones, moon jellies, nudibranchs, bryozoa, worms 

 

Green Sea Turtle - Sea grass, algae 

 

California Two-Spot Octopus - Crabs, clams, mussels, rockfish, spiny lobster 

 

Leopard Shark - Rockfish, octopus, fish eggs, worms, crabs, clams 

 

California Sea Lion - Abalone, squid, octopus, rockfish, anchovies, spiny lobster 

 

*In each stomach kit add in some kind of trash (plastic bags, chip wrappers, nails, soda can rings, 

etc.) that will act as cause of death for that animal. 

 

Procedure 

Introduction 

Watersheds connect habitats all around us, yet few students understand what a watershed is. The primary 

goal of this lesson is to allow students to realize that all habitats are connected and even if they do not live 

near a body of water what they do at home can have an effect all the way down to the ocean. 

 

A watershed is any area of land where all of the water that falls in it and drains off of it goes to the same 

place. Many watersheds have bodies of water such as rivers, lakes, or ponds; however, some watersheds 

only get water from rainfall and human activity. Even though they may not realize it, every person on earth 

lives in a watershed that eventually connects to the ocean. 

 

When exploring your local watershed it is helpful to show students a map displaying any bodies of water 

in your area and using it to trace how all of the bodies of water connect and eventually flow out of a single 

outlet. 
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MPA Detectives cont.
Ask students questions such as: 

● Where does your local watershed start? (Typically in the mountains) 

● Where does your local watershed end? (Eventually in the ocean) 

● How does it get from the start to the end? (Through rivers, the ground, pipes, drains, etc.) 

● How has human activity changed watersheds? (Many human activities release water into the watershed. 

Also, human-made drainage systems such as sewers and storm drains that have altered how water travels 

from the start to the end of a watershed). 

 

Sometimes the water is cleaned and treated through a water treatment facility, but not all the water is. A 

large majority of it flows through storm drains, which is basically a big pipe that does NOT clean the water 

and leads straight to the ocean. So with all that water flowing to the ocean without cleaning the water 

becomes polluted. 

 

Water becomes polluted because it is not just water that humans put into the watershed. Everyday people 

throw their trash on the ground. They think that they can throw anything on the ground and it will just 

disappear, but what really happens is it pollutes the watershed. In fact we use lots of things that pollute our 

watershed like pesticides, fertilizers, and oil that wash into our storm drains and sewer systems and pollute 

our oceans. 

 

The stuff that ends up in our sewer system gets treated with chemicals before it is released into the ocean, 

but any water that runs into storm drains is left untreated. That means that any chemicals or trash in the 

water flows out into the ocean where it may be eaten by marine animals. So things like plastic bags get 

eaten by hungry sea turtles mistaking them for jellyfish and fish absorb fertilizers through their gills and 

get sick. 

 

Tell students that a group of local scientists came upon a big pile of marine debris washed up on the shore 

at the beach today. They found a whole bunch of body parts and stomachs of animals, but are not sure how 

they got there or what animal they belong to. They have asked for our help to identify which animals the 

stomachs came from and to determine cause of death. Tell students that today they will have the 

opportunity to become scientists and carry out a scientific investigation. 
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MPA Detectives cont.
Activity 

● Divide students into groups of 2-4 and pass out a kit containing one MPA Detectives Dissecting Mat, 

one animal “stomach,” tweezers, and several small dissecting dishes. 

● Instruct students to empty the contents of their “stomach” onto the dissecting mat and use the tweezers to 

pick apart the stomach contents. Students may sort stomach contents into smaller dissecting dishes. 

● Have students try to identify the stomach contents and record the findings in their notebooks. 

● Tell students to refer to the dissecting mat to see if they can determine which animal their stomach came 

from based on the contents. 

● Also tell students to look for any stomach contents that seem out of place to see if they can determine 

their animal’s cause of death. 

 

Discussion 

Have each group share what they found in their stomachs, which animal they think their stomach is from, 

and what they think the cause of death was. 

 

As a whole group, or in smaller groups, ask students the following questions: 

● Did your group find anything unusual in your stomach? (trash!) 

● How do you think the trash got in your animal's stomach? (someone dropped trash on the ground and it 

went through a storm drain and into the ocean) 

● Did you realize that what you do at home affects the animals in the ocean? 

● Do you think most people realize that what they do at home affects the animals in the ocean? 

● What are some possible ways that we can help prevent trash from entering into our local watershed and 

ending up in the ocean? 

 

Assessment 

Have each group design a poster that encourages people to protect the local watershed. 
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MARINE PROTECTED AREA DETECTIVES
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Do you have the guts to solve the mystery?
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Background Information: Climate Change

Climate change is a change in the statistical distribution of weather patterns over 

a given period of time (can be decades, thousands or even millions of years). In 

short, the term climate change refers to a change in the average weather 

conditions. While climate change is a naturally occurring process, being shaped 

by factors such as biotic activity, variations in solar radiation, and volcanic 

eruptions, the rate at which current climate change is occurring today is 

unnatural. Anthropogenic activities, including the increased output of 

greenhouse gases, have increased the rate at which our climate is changing. 
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Climate Change and Marine 
Protected Area Science
Climate Change  - Grades 9-12

NGSS: DCI (Disciplinary 

Core Ideas):

HS-LS2

HS-LS4

HS-ESS2

HS-ESS3

 

Time: Three lessons, 90-

120 min each

 

Materials for the Teacher

-Answer key

 

Materials for the Students

-San Diego MPA Wildlife 

and Recreation guide

~Southern California MPA 

Guide

~Marine Recreational 

Brochure San Diego

     

Learning Objectives
Part 1:

1A) Students will be able to distinguish the features of weather and climate and express how an 

anomalous weather event does not provide empirical evidence for or against climate change.

1B) Students will be able to explain the elements of climate and analyze the earth’s energy 

balance that affects climate change. (What is climate change?)

1C) Students will be able to identify the causes of climate change as well as the evidence for 

these causes. (What is responsible for climate change and how do we know?)

                Part 2:

 

PART 1: The Science of Climate Change

2A) Students will be able to analyze the impact of climate change on physical and 

biological systems, recognizing those that will most affect coastal communities, like 

San Diego. This will include climate change impacts on biodiversity.

2B) Students will recognize the connectivity within a watershed. Students will learn 

that even inland communities are connected to and influence coastal and marine 

ecosystems.

2C) Students will be able to explain what a Marine Protected Area is and locate MPAs 

in their community

Part 3:

3A) Students will be able to recognize the risks and problems society faces as climate 

change impacts are anticipated and realized and be able to offer solutions to address 

these impacts

3B) Students will be able to compare and contrast climate change adaptation strategies 

in light of environmental, financial and social impact.

3C) Students will recognize the importance and benefit of employing natural climate 

solutions as climate adaptation strategies



Prior Student Knowledge: 

~Students will have been introduced to the science of climate change in a previous lesson in 

this unit

~Students should have already learned about habitats and ecosystems.

~Students will have their own personal experiences that inform and enhance their 

understanding of ecoregions in their community.  

Possible Preconceptions/Misconceptions: 

~Students may confuse weather and climate

~Students may misconceive that climate change is the result of the hole in the ozone layer

~There may be climate change denial or the denial of science by some students or their friends 

and families
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Vocabulary

Part 1

Anthropogenic- Caused by 

humans or human interaction

Biotic- A living part of an 

ecosystem.

Climate - the composite or 

generally prevailing 

weather conditions of a place 

averaged over a period of 

time, often 30 years.

Greenhouse effect - the 

warming of the earth's 

atmosphere that occurs when 

the sun's radiation passes 

through the atmosphere, is 

absorbed by the earth, and is 

given off as radiation of 

longer wavelength which can 

be absorbed by atmospheric 

gases (as carbon dioxide and 

water vapor) 

Weather- the day-to-day 

state of the atmosphere, and 

its short-term variation in 

minutes to weeks.

Radiation- the process in 

which energy is emitted by 

one body, transmitted 

through an intervening space 

or medium and absorbed by 

another body.

 

Suggested Procedure:  

Pre-Lab Discussion

~Teacher will administer pre-lesson assessment to gauge student knowledge on 

topics to be covered in this unit: The mechanisms of climate change, the effects of 

climate change, coastal ecosystems, marine protected areas, and 

mitigation/adaptation/resiliency

-This pre-lesson assessment can be administered again at the end of the unit as a 

summative assessment

~Ask students what they know, think, and feel about climate change -   

-Where do they hear about climate change?

-By raising their hands and displaying their fingers, how worried are they about 

climate change? 

(1 meaning I’m not worried at all, 5 meaning I’m extremely worried)

Greenhouse in a Jar Lab (Appendix A)

~This lab is designed to get students thinking about the heat-trapping effect of 

atmospheric carbon dioxide (the greenhouse effect) 

~By designing this activity as an inquiry-based lab, students are called upon to use 

the NGSS Science Practice of Planning and Carrying Out Investigations by 

constructing their own experiment to develop and use a model demonstrating the 

heat-trapping effect of greenhouse gases.

~Students should begin considering in what ways this model represents a system 

similar to the Earth and its atmospheric processes.

 

~Questions to encourage and focus student exploration: 

-What variable is responsible for producing the difference in temperature between 

the two bottles?

-What would happen if we added more of that variable? (Alka-seltzer which 

produces CO2)

-How is CO2 being produced every day outside of this experiment?

-What effect does that have on the temperature of the air within Earth’s 

atmosphere?
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Part 1 continued

Greenhouse gas – a gas that 

can absorb infrared radiation 

in the atmosphere. Examples 

include carbon dioxide, 

methane, nitrous oxide, 

chlorofluorocarbons, water 

vapor and ozone

 

Part 2

Ecoregion – areas of 

similarity in the mosaic of 

biotic, abiotic, terrestrial, 

and aquatic ecosystem 

components with humans 

being considered as part of 

the biota.

Ecosystem – a biological 

community of interacting 

organisms and their physical 

environment.

Marine Protected Area 

(MPA) - areas of seas, 

oceans, estuaries or large 

lakes which restrict some 

human activities for 

a conservation purpose, 

typically to protect natural or 

cultural resources. Levels of 

protection vary between 

MPAs

Watershed - the area of land 

where all of the water drains 

into the same place. 

Watersheds can be 

composed of creeks, 

streams, rivers, ponds, lakes, 

wetlands, groundwater, and 

oceans

 

Explain Concepts and Vocabulary

Description: 

~A PowerPoint presentation takes students through the mechanisms driving climate change.

~Throughout the presentation, the teacher will encourage student participation by asking higher-

order thinking questions. Students should be prepared to explain their answers and justify these 

explanations.

 Questions May Include: 

~What relates weather and climate? 

~Why is the climate system important? 

~Do the graphs in this accurately represent the data and show a full picture?

 

~Students are asked to interpret data from graphs.

~A video helps explain how scientists measure atmospheric CO2, how we know 

CO2 concentrations are rising, and why it matters. 

~It should be pointed out that the video is shot at Scripps Institution of 

Oceanography, a local and familiar institution for students in San Diego, but a 

world-leader in oceanic and atmospheric science.

~The greenhouse effect is compared to a heat-trapping blanket to help students 

understand the way greenhouse gases retain radiated energy and warm the 

atmosphere. The heat-trapping blanket analogy is consistent with climate change 

messaging from NNOCCI and Climate Science Alliance, reinforcing these concepts 

across different platforms.

 

Vocabulary: 

Student explanations should precede introduction of terms or explanations by the 

teacher. Students may be asked to provide examples they recognize in their personal 

lives.

 

Student Journaling

Description:

Ask students to reflect on how we as a society and how we as individuals contribute 

to global climate change.

 

Instruct students to take a moment to write about these questions:

~Do you think we, as individuals, have a responsibility to change our behavior? 

~As a state? A nation? A planet?

~Do you think that you personally can make a difference? Why or why not?

 

Discussion

Formative Monitoring (Questioning / Discussion):  

~Ask students to think about these questions, discuss their ideas with a partner, then 

ask them to share with the class for group discussion.

~How did our lab show how greenhouse gases work?

~What was accurate about this model?

~What did this model leave out?

~Are there ways we can change it to be more representative of Earth’s atmospheric 

system?
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Part 2 continued

Zonation – the distribution of 

plants or animals into specific 

zones according to such 

parameters as altitude or 

depth, each characterized by 

its dominant species.

 

Part 3

Adaptation - Reacting or 

changing to fit the new 

circumstance; coping with 

impacts that cannot be avoided

Carbon sequestration - 

Carbon sequestration is the 

process involved in carbon 

capture and the long-term 

storage of atmospheric carbon 

dioxide or other forms of 

carbon to mitigate or defer 

global warming

Infrastructure - the 

fundamental facilities and 

systems serving a country, 

city, or area, as transportation

Further Elaboration on Part 1:

As an extension of this lesson, students can calculate their own carbon footprint.

http://web.stanford.edu/group/inquiry2insight/cgi-bin/i2sea-r3b/i2s.php?page=calculate

 

Brief Lesson Description:  

Following a lesson on the science of climate change, this lesson will demonstrate 

how climate change is impacting society not only at global, but also at local scales. 

This lesson focuses on climate change impacts on coastal and marine ecosystems 

in San Diego County. Students will be introduced to Marine Protected Areas 

(MPAs) as a spatial management tool. 

 

Description of ENGAGE Opening Activity: 

~As a class, we locate ourselves on a map. Starting globally, and continuing on 

increasingly smaller scales, students will mark with a pushpin the community in 

which they live.

 

~Students may also be shown two short videos. Both are produced by 

WILDCOAST. 1) The first offers an introductory primer on Marine Protected 

Areas. https://www.youtube.com/watch?v=gSE9SdtW-po

 

2) The second video gives a little “sneak peek” of the Floating Lab project 

students will participate in as an extension of this lesson. 

https://www.youtube.com/watch?v=bL1jtoIpHaU 

 

This video may also, or alternatively, be shown, which is a combination of the first 

two highlighting both the importance of MPAs and the Floating Lab project.

https://www.youtube.com/watch?v=zjcLTL_cNB0 

 

EXPLORE:

Lesson Description – Materials Needed / Probing or Clarifying Questions: 

~Following the mapping activity, the teacher will offer a quick review of climate 

change and the greenhouse (heat-trapping blanket) effect.

~Students will work in groups to brainstorm climate change impacts. Each group 

will be given a broad impact of climate change and be asked to think of as many 

consequences as they can that will result from or relate to that impact. Each group 

will be asked to list impacts related to one of these broad categories: rising 

atmospheric temperatures, changes in precipitation, and changing ocean 

conditions.

 

~Following the mapping exercise and brainstorming activity, students will be 

primed to think about how the impacts they listed will be realized both globally 

and locally.

~Ask students to think about what makes their nation, state, region, county, town 

special and different from others.

~What impacts from climate change will affect them most based on where they 

live?

PART 2: The Consequences of Climate Change

http://web.stanford.edu/group/inquiry2insight/cgi-bin/i2sea-r3b/i2s.php?page=calculate
https://www.youtube.com/watch?v=gSE9SdtW-pohttps://www.youtube.com/watch?v=zjcLTL_cNB0


Explanation of Concepts and Vocabulary

Description:

Using PowerPoint, the teacher will discuss what a watershed is and how it functions. Teacher 

will orient students within their local watershed, emphasizing their connection to the watershed 

and establishing a sense of place.

 

~In groups, students will research different ecoregions within their coastal community. 

Ecoregions to be studied include inland coastal watershed, intertidal/littoral zone, subtidal 

nearshore, and offshore.

~To guide student exploration and research, we will draw a “map” of the coast from inland to 

offshore. Students will be given a list of habitats labeled with pictures and be asked to place 

them in the ecoregion they think it belongs (e.g. kelp forest – offshore, rocky reef - subtidal 

nearshore, beach – intertidal/littoral)

 

 

 

 

Student research should focus on defining:

-features/conditions of the ecoregion

-different kinds of habitats that can be found there

-limiting factors affecting wildlife (how are animals adapted to live there)

-ecosystem services provided by the ecoregion (how does the ecosystem provide benefits for 

humans?)

-the realized and predicted impacts from climate change

 

Students will design a poster representing their group’s ecoregion and present the 

information they have gathered before their classmates

 

Following the coastal watershed ecoregion research activity, we will discuss Marine Protected 

Areas (MPAs) as a spatial management tool – a way to manage and protect these ecosystems.

 

Together, we will answer the following questions:

-What is an MPA?

-How do MPAs work?

-Where are our local MPAs? (In our watershed? In our region?)

       -We can demarcate the MPAs on the map from the first activity

 

Beyond the classroom

Description: Floating Lab

Floating labs are a part of WILDCOAST's Explore My MPA program and available free to 

students from underserved communities. Contact WILDCOAST's conservation team for more 

details. 

Students will join WILDCOAST staff on a field trip to the South La Jolla State Marine Reserve 

(Marine Protected Area) via boat.

Students will form 3 small groups to perform different tasks. One group will conduct a plankton 

tow, one will collect water samples at different depths, and one will complete an MPA Watch 

boat-based survey.

Each group is responsible for collecting data, and recognizing why data collection of this kind is 

important.
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Formative Monitoring (Questioning / Discussion): 

Following the Floating Lab, each group will explain to the rest of the class what they did during 

the Floating Lab and what data they collected. Each group should express who and why these 

data are important and how these data can inform us about climate change.

 

Summative Assessment (Quiz / Project / Report): 

Group presentations on ecoregions will serve as a summative assessment. Does the group 

demonstrate and articulate understanding of:

-Habitats and wildlife found in the ecoregion

-Ecosystem services provided

-Climate change impacts that especially affect the ecoregion
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PART 3: Climate Change Resilience
Brief Lesson Description:  

In this lesson, students will learn how the impacts of climate change discussed in the previous 

lesson can be addressed through mitigation and adaptation strategies. We will focus on 

employing natural climate solutions in climate change adaptation

 

Engage students

Students will be shown a video addressing what it means to be resilient and the steps necessary 

to achieve resilience. 

https://toolkit.climate.gov/#steps 

 

~Ask students how this can apply to addressing climate change. What can we do to become 

resilient in facing the impacts of climate change?

 

Students will explore different case studies of climate change mitigation and adaptation 

strategies that have been employed across the state of California. Full case study report 

can be found here: 

http://coastalresilience.org/wp-content/uploads/2017/11/tnc_Natural-Shoreline-Case-

Study_hi.pdf

 

~Students will be divided into groups of four. Each group member will read a different article or 

case study taking notes on why this strategy was employed and what problem it addressed.

 

~The case studies chosen offer natural climate solutions, which is important to recognize within 

this unit that focuses on coastal ecosystems in San Diego County. One of the readings is an 

adapted newspaper article that discusses the pros and cons of using seawalls as a climate change 

adaptation strategy.

 

~Guide student reading by asking students to look for the financial, social and environmental 

costs incurred in their case study.

 

 

https://toolkit.climate.gov/#steps%20http://coastalresilience.org/wp-content/uploads/2017/11/tnc_Natural-Shoreline-Case-Study_hi.pdf
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Note: these case studies may need to be adapted depending on the grade and/or reading level of 

students. If the material is challenging for students, instruct the class to read through the 

material and focus on the big ideas mentioned rather than getting too caught up in the details. 

The important part is that they understand which adaptation strategy was used in their case 

study, but not every specific detail about its implementation.

 

Students will share with the class the main points from their reading – explaining how and 

why the climate adaptation strategy in their case study was used.

 

Climate adaptation strategies featured in the case studies include: 

-managed retreat 

-dune restoration 

-establishment of oyster reefs 

-eelgrass restoration 

-developing living shorelines 

 

~The newspaper article discusses the possibility of seawalls and beach nourishment as 

adaptation strategies.

~The examples provided by students should be written down on the board because they will 

serve as adaptation strategies that may be used in the activity that follows.

~Teacher will use examples provided by students to show the difference between adaptation and 

mitigation of climate change. Most of the examples in the case studies are adaptation strategies 

and teacher should be prepared to give examples of mitigation - such as using renewable energy, 

increased use of public transportation, carbon sequestration and other activities that reduce the 

amount of greenhouse gas emissions to the atmosphere.

 

Applications and Extensions

Description: Students will participate in a mock City Council meeting (Appendix B)

Students will be presented with a scenario in which sea level rise and coastal erosion threaten 

existing infrastructure, necessitating the development of a management strategy or adaptation 

plan. In this lesson, students look at Cardiff State Beach as an example where coastal erosion is 

washing away the beach and flooding occurs on Highway 101 during high tide and storm 

events.

~Students will continue working in the same group in which they read the case studies. Each 

group will be given a different stakeholder position to represent. Stakeholder positions include: 

Homeowners, business owners (Chart House restaurant), recreators (Swami’s Surfing Assoc.), 

conservation interests (WILDCOAST), and Caltrans which manages the Highway 101.

Students will be presented with 3 management plans to address the threats impacting Cardiff 

State Beach and surrounding infrastructure:   1. Full managed retreat   2. A seawall that extends 

across the entire beach  3. Do nothing to address the problem

~Students will need to argue their stakeholder position, providing reasons and their rationale for 

choosing their position. Students may include evidence from their case study to support their 

argument.

~Students will be asked to provide counterarguments to the points made by their classmates and 

offer reasons for their rebuttal 

 

https://toolkit.climate.gov/#steps%20http://coastalresilience.org/wp-content/uploads/2017/11/tnc_Natural-Shoreline-Case-Study_hi.pdf
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~In this exercise, compromise will be necessary. Using the list of adaptation strategies 

developed following the reading exercise, students may offer these strategies as alternatives to 

the management plans proposed.

 

 Formative Monitoring (Questioning / Discussion): 

Teacher should try to elicit participation from different members from each stakeholder group to 

make sure that each student has an understanding of the process and the reasons for which their 

stakeholder group holds a particular position.

 

Summative Assessment: 

This lesson is the last in a three-lesson unit. A post-unit assessment will be administered to 

gauge student learning and overall comprehension. This assessment is the same as the 

assessment given at the beginning of the unit. This will inform whether or not student 

comprehension and understanding increased.

Advanced Student Learning Objectives
SCIENCE AND ENGINEERING PRACTICES: 

Asking Questions: 

Ask questions that arise from examining models or a theory to clarify and/or seek additional 

information, to determine relationships, including quantitative relationships between 

independent and dependent variables, as and/or evaluate questions that challenge the premise(s) 

of an argument, the interpretation of a data set, or the sustainability of a design.

Analyzing and Interpreting Data: 

Analyze data using tools, technologies, and/or models (e.g., computational, mathematical) in 

order to make valid and reliable scientific claims or determine an optimal design solution, apply 

concepts of statistics and probability (including determining function fits to data, slope, 

intercept, and correlation coefficient for linear fits) to scientific and engineering questions and 

problems, using digital tools when feasible, consider limitations of data analysis (e.g., 

measurement error, sample selection) when analyzing and interpreting data, and evaluate the 

impact of new data on a working explanation and/or model of.

Using Mathematics and Computational Thinking: 

Apply techniques of algebra and functions to represent and solve scientific and engineering 

problems.

Constructing Explanations and Designing Solutions: 

Make a quantitative and/or qualitative claim regarding the relationship between dependent and 

independent variables and Design, evaluate, and/or refine a solution to a complex real-world 

problem, based on scientific knowledge, student-generated sources of evidence, prioritized 

criteria, and trade off considerations.

Engaging in Argument from Evidence: 

Construct, use, and/or present an oral and written argument or counter-arguments based on data 

and evidence and make and defend a claim based on evidence about the natural world or the 

effectiveness of a design solution that reflects scientific knowledge.

CROSSCUTTING CONCEPTS:

Cause and Effect: 

Mechanism and Explanation, Systems and System Models, Energy and Matter: Flows, Cycles, 

and Conservation, Stability and Change, Scale, Proportion, and Quantity

https://toolkit.climate.gov/#steps%20http://coastalresilience.org/wp-content/uploads/2017/11/tnc_Natural-Shoreline-Case-Study_hi.pdf
https://toolkit.climate.gov/#steps%20http://coastalresilience.org/wp-content/uploads/2017/11/tnc_Natural-Shoreline-Case-Study_hi.pdf
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Names:                                             Date: 

 

QUESTION: How does the presence of increased levels of CO2 affect the temperature inside a 

bottle when exposed to heat?

 

You will have access to other materials you may want to use in your experiment set up, like 

tools for measuring (beakers, ruler, stopwatch, etc.) and tools for securing materials in place 

(string, tape, tin foil, etc.)

Appendix A

Draw a diagram of experimental set up in the box below

Student response:

What data will you need to collect? How will you collect these data?

 

https://toolkit.climate.gov/#steps%20http://coastalresilience.org/wp-content/uploads/2017/11/tnc_Natural-Shoreline-Case-Study_hi.pdf
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Appendix A
Written procedure (the steps you will take to perform this experiment)

 

Hypothesis: What do you think will happen?
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Appendix B

The City of Encinitas is developing a draft management plan to address the problems of sea level 

rise and coastal erosion that impact Cardiff State Beach and the surrounding areas. As someone 

who lives or works in the area, you have an interest in how the problem is managed, which makes 

you a stakeholder. You want your ideas and opinions heard by the city council as they decide how 

to proceed.

 

Stakeholder interests that will be represented at city council meetings include homeowners, local 

businesses (The Chart House restaurant), conservation interests (WILDCOAST), recreators 

(Swami’s Surfing Association), and CalTrans which maintains Highway 101.

 

The best management plan is one that will have the most long-term benefits for both the people 

and the environment. It is impossible to please everyone, so compromise between stakeholders is 

important. 

 

Use what you have learned in class and the resources provided to argue your stakeholder group’s 

position concerning the development of a management plan that aims to address the problems of 

sea level rise and coastal erosion. You must provide reasons and rationale when arguing your 

position.

City of Encinitas: 
Dra�t Management Plan Cardiff State Beach
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Appendix B

 

Background information on the area:

 

Cardiff State Beach (just north of the point labeled Seaside State Beach) is threatened by coastal 

erosion due to sea level rise.

 

Highway 101 handles 20,000 vehicle trips per day.

 

Highway 101 has been flooded and damaged in high tide and extreme weather events. Flooding is 

expected to increase and damage to the highway is likely to worsen due to impacts of climate 

change.

 

Highway 101 was constructed where sand dunes historically existed.

 

The parking lot just south of the Seaside State Beach marker is important for coastal access 

(people can park there to get to the beach), but it is also subject to sea level rise and often floods 

and fills with sand and sediment.

 

Two Marine Protected Areas surround Cardiff State Beach. The San Elijo Lagoon State Marine 

Conservation Area is to the east of Cardiff State Beach and the Swami’s State Marine 

Conservation area is to the west, offshore. MPAs prioritize conservation and one of the goals in 

establishing MPAs is to enhance the recreation value of coastal areas.
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Appendix B (Teacher guide)
 

For teacher:

 

The options the City Council has offered are: 

1. Full managed retreat 

2. A seawall extending the entire length of Cardiff State Beach 

3. Do nothing to address the issue.

 

Students must take into consideration the financial cost of the adaptation strategy they 

recommend.

 

Option #1 – Full managed retreat: over $1 billion to relocate all homes, business and 

infrastructure

 

Option #2 – Seawall: $10 million up front cost to build seawall across the entire beach restored. 

Costs an additional $500,000 every 10 years for restoration and maintenance

 

Option #3 – Do nothing: $0 up-front cost - Cost of restorative action/ rebuilding after storms 5 

years = $100 million 10 years = $500 million 20 years = $900 million

 

 

Other potential solutions that can address the problems may be proposed by students as alternative 

to the above options. These alternative options should come from the case studies they read earlier 

in class. 

 

Beach nourishment (sand replenishment) – $1 million every 5 years

Dune restoration - $2 million

Eelgrass bed restoration - $3 million

Oyster reef - $3 million

Relocating the parking lot at Cardiff State Beach - $5 million

Raising the Highway 101 or relocating - $11 million

 

Values/interests of different stakeholder groups:

- beach access

- recreation (trails, surfing, bird watching, sunbathing, water sports)

- open space

- transportation infrastructure

-property value

- tourism opportunity

- business revenue

-public safety

-wildlife
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Appendix B 
Home owners

 

After years of working 18-hour days on Wall Street you now own a beautiful house on West 

Circle Drive in Solana Beach. Your property value is $6.2 million, but in your opinion, is it 

essentially priceless because the view is breathtaking, you have spent a lot of time and money on 

home improvement projects and this is where you raised your children, after all! 

 

Sadly, coastal erosion threatens your precious home as the cliffs it is built upon start to crumble. 

You will do anything to protect it, and don’t want to move. You like being able to walk down to 

the beach, but you would rather build a seawall that stabilizes the cliff and allows the sand in front 

of your home to be washed away than have to move.

 

Because your property tax is so high, you feel like you should have a say in what the city chooses 

because a lot of your money is going to whatever project they choose! You don’t mind putting a 

long seawall across the border of Cardiff State Beach – you think it’s too crowded by tourists 

anyway.
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Appendix B 
Chart House

 

You are the owner of an upscale restaurant. It is a popular dining location for locals and 

vacationing visitors alike! The beach front view is the reason many people go to the restaurant, 

and without it, your restaurant would not be as successful. Sure, your food is delicious, but it is the 

view that allows you to charge $47 for a dinner entrée.

 

You recognize that sea level rise is affecting your business because in high tide events the waves 

crash into the windows of the dining room. But, if you were to move you would lose a lot of 

business, and you pay a lot of money in property and sales tax to the city. Your ideal option would 

be beach replenishment (putting sand more onto the beach periodically because it is washing 

away) and putting in eelgrass beds nearshore to lessen the impact of waves during storm events.
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Appendix B 
WILDCOAST

 

You are a team of passionate ocean-lovers committed to conserving and sustaining coastal and 

marine ecosystems and wildlife. This means that you prioritize protecting the ecological habitats 

like those found in the San Elijo Lagoon State Marine Conservation Area and Swami’s SMCA. 

You work with the California Department of Fish and Wildlife and other conservation groups to 

manage Marine Protected Areas in San Diego County. In fact, you care about MPAs so much that 

you are the co-chair of the San Diego Marine Protected Area Cooperative!

 

You are against putting in seawalls because there are natural alternatives that do less harm to the 

environment! In fact, you argue that managed retreat and ecosystem restoration is a much better 

option because it enhances coastal access and recreation opportunity, which is a goal of MPAs.
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Appendix B 
CalTrans

 

You may not have the most exciting job, but it is your responsibility to California moving! The 

mission of CalTrans is to provide a safe, sustainable, integrated and efficient transportation system 

to enhance California’s economy and livability. That means you take keeping the Highway 101 

that runs along the entire coast of California up and running very seriously. The 101 handles 

20,000 vehicle trips per day which is hugely important to San Diego’s vitality and function.

 

You don’t have a strong position on whether seawalls are built or if a natural shoreline is built 

instead, all you know is that you have a very tight budget and do not have a lot of money to spend 

on whatever project moves forward. You also cannot keep shutting down the highway because it 

floods during high tides and storms.
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Appendix B 
Swami’s surfing association

 

Swami’s Surfing Association Inc. was established in 1964, as a non-profit organization by local 

surfers for the purpose of support and improving the beach community and supporting 

environmental issues. You are a founding member of the SSA and known as the “Big Kahuna”. 

Now, your grandkids are learning how to surf at Swami’s. Your number one priority is making 

sure you and they have access to the beach and that the waves stay natural and gnarly. 

 

Putting in seawalls is a huge problem for you because it limits access to the beach and makes the 

waves suck. The awesome waves at Swami’s rely on the natural sand flow of the San Elijo 

Lagoon and its surrounding watershed. You believe a natural shoreline solution would enhance the 

wave, but you’d hate to see the Chart House move since you love their Sunday brunch after a 

killer surf sesh.
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Appendix C 
 

Name: ___________________________________________  Date:_______________

 

1. What was your favorite part of this unit? Why?

 

 

 

 

 

 

2. What was your least favorite part? Why?

 

 

 

 

 

 

3. What was your biggest “take-away”? What was the most important thing you learned?

 

 

 

 

 

 

4. What do you still have questions about? Is there anything we discussed that you still do not feel 

you understand completely?

 

 

 

 

 

 

5. What do you suggest I change to improve this lesson in the future?
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Appendix D
 

Name: ___________________________________________  Date:_______________

 

This is a questionnaire designed only to help me understand what you learned from our lessons 

on climate change and coastal ecosystems. This will not be graded, but will help me structure 

my lessons to help other students in the future! Please, answer these questions as best you can.

 

1. The difference between weather and climate is:

a. Weather is what we expect based on years of data while climate is what is happening 

right now

b. Weather includes more variables like moisture and wind, while climate just focuses on

temperature

c. Weather is predictable, but climate is not

d. Weather is a day-to-day event while climate is a consistent pattern over many years

 

2. Which of these is a greenhouse gas? Circle all that apply.

a. Carbon dioxide

b. Oxygen

c. Nitrogen

d. Methane

e. Nitrous oxide

f. Helium

 

3. Atmospheric greenhouse gases make the earth’s average temperature:

a. Warmer

b. Cooler

c. Do not affect Earth’s temperature

 

4. To stabilize carbon dioxide concentrations (keep them from growing) in the atmosphere, 

carbon

dioxide emissions from human activities must:

a. Be kept at current levels

b. Be increased

c. Be reduced

d. Be measured

 

5. When coal or oil is burned for electricity, it makes:

a. Radiation

b. Ozone

c. Carbon dioxide

d. Methane
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Appendix D
 

6. The leading cause of global climate change is the presence of a hole in the ozone layer.

True

False

 

7. Which of the following threats will likely result from climate change? Circle all that apply.

a. Sea level rise will affect coastal communities

b. More frequent and intense storms

c. More frequent and intense droughts

d. Air temperature and ocean temperature will rise

e. Increased number of heat-wave (extreme high temperature) days

f. Increased frequency of wildfires

 

8. Which of the following choices represents a way to mitigate (to lessen, to diminish) carbon 

dioxide emissions? Circle all that apply.

a. Drive more cars

b. Use solar electricity

c. Restore (plant) coastal vegetation

d. Burn more coal

e. Ride your bike or walk to nearby places

 

9. Which of the following is a way to adapt (adjust) to climate change? Circle all that apply.

a. Reduce use of fossil fuels

b. Preserve the habitat of plant and animal species that are especially vulnerable to

climate change

c. Teach about climate change in schools

d. Plant different crops that can better stand a changing climate

e. Move roads, railways and buildings away from low coastal areas vulnerable to sea level rise

 

10. As climate change alters environmental conditions, species will have to adapt to the new 

conditions or move to find more suitable (better) conditions elsewhere to survive.

True

False

 

11. Name one thing you did today (besides breathing) that produced carbon dioxide.

 

 

12. Name one thing you or your community can do to reduce carbon dioxide emissions to the 

atmosphere.

 

 

13a. What is one thing you or your community could do to prepare for or adapt to future changes 

in climate.
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13b. Explain how or why your suggestion would work.

 

14. Which of these is a coastal or marine ecosystem that can be found in San Diego County. Circle 

all that apply.

a. Kelp forest     e. Mangrove swamp

b. Rocky reef     f.  Seagrass meadow

c. Coral reef     g. Salt marsh

d. Sandy beach

 

15. Have you ever been to a Marine Protected Area?

Yes

No

I don’t know

 

16. Have you ever done one of the following activities in San Diego County? Circle all that apply.

x Kayaked in the ocean

x Been on a boat in the ocean

x Collected scientific data on the beach or in the ocean

x Learned about the ocean or coastal ecosystems while on the beach or on a boat

x None of the above

 

17. In your own words, explain what a Marine Protected Area is, or what you think a Marine 

Protected Area is.

 

 

 

 

18. How might a Marine Protected Area help address climate change impacts
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Appendix D           ***ANSWER KEY***
Answers are BOLDED:

 

1. The difference between weather and climate is:

a. Weather is what we expect based on years of data while climate is what is happening right now.

b. Weather includes more variables like moisture and wind, while climate just focuses on 

temperature

c. Weather is predictable, but climate is not.

d. Weather is a day-to-day event while climate is a consistent pattern over many years.

 

2. Which of these is a greenhouse gas? Circle all that apply.

a.    Carbon dioxide

b.    Oxygen

c.    Nitrogen

d.    Methane

e.    Nitrous oxide

f.     Helium

 

3. Atmospheric greenhouse gases make the earth’s average temperature:

a.    Warmer

b.    Cooler

c.    Do not affect Earth’s temperature

 

4. To stabilize carbon dioxide concentrations in the atmosphere, carbon dioxide emissions from 

human activities must:

a.    Be kept at current levels

b.    Be increased

c.    Be reduced

d.    Be measured

 

5. When coal or oil is burned for electricity, it makes:

a.    Radiation

b.    Ozone

c.    Carbon dioxide

d.    Methane

 

6. The leading cause of global climate change is the presence of a hole in the ozone layer.

a.    True

b.    False
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Appendix D           ***ANSWER KEY***
7. Which of the following threats will likely result from climate change? Circle all that apply.

a. Sea level rise will affect coastal communities

b. More frequent and intense storms

c. More frequent and intense droughts

d. Air temperature and ocean temperature will rise

e. Increased number of heat-wave (extreme high temperature) days

f. Increased frequency of wildfires

*** All above are correct

 

8. Which of the following choices best represents a way to mitigate (to lesson, to diminish) carbon 

dioxide emissions?

a. Drive more cars

b. Use solar electricity

c. Restore (plant) coastal vegetation

d. Burn more coal

e. Ride your bike or walk to nearby places

 

9. Which of the following is a way to adapt (adjust) to climate change?

a. Reduce use of fossil fuels

b. Preserve the habitat of plant and animal species especially vulnerable to climate change

c. Teach about climate change in schools

d. Plant different crops that can better stand a changing climate

e. Move roads, railways and buildings away from low coastal areas vulnerable to sea level 

rise

 

10. As climate change alters environmental conditions, species will have to adapt to the new 

conditions or move to find more suitable (better) conditions elsewhere to survive.

True

False

 

11 - 13 b.  Answers will vary

 

14. Which of these is a coastal or marine ecosystem that can be found in San Diego. Circle all that 

apply.

a. Kelp forest     e. Mangrove swamp

b. Rocky reef     f.  Seagrass meadow

c. Coral reef     g. Salt marsh

d. Sandy beach

 

15 - 18 Answers will vary
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The intertidal zone, the unique area between the high and low tide lines, is a harsh and

unforgiving habitat. The highly conditioned species that live there are subject to the 

rigors of both the land and the sea, going from completely submerged to only 

occasionally wet within just a few feet of space. Organisms that inhabit the 

intertidal zone must endure extreme fluctuations in moisture level, temperature, 

salinity, and sunlight creating a robust assortment of biologically diverse organisms. 

These fascinating creatures boast an even more fascinating set of adaptations, creating

an adventure for anyone who visits this space between the land and the sea. 

The Intertidal Zone

Pearson Education, Inc.
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Many organisms have adapted to the constant 

battering of waves by permanently affixing 

themselves to the rocks and other, mobile 

creatures get “stuck” in pools of water during 

the low tide. This, combined with the close 

proximity of organisms in the intertidal, 

creates an abundance of food. 

Photosynthesizers such as brown algae and 

plants are typically abundant in the intertidal 

and can help support an entire food chain. 

Wave action supplies a constant influx of 

oxygen and nutrients. 

Varied substrate provides good places to cling 

to and ample places to hide.  

There are many advantages of living in 

the rocky intertidal including: 

However, there are also many 

challenges of living in the 

 rocky intertidal: 

Intertidal organisms must deal with both marine 

predators during high tide and terrestrial 

predators during low tide. 

Wave action can carry unprotected animals out 

to sea. 

The changing water level leads to variances in 

salinity (the saltiness of the water). 

The intertidal is marked by plentiful sunlight, 

which may lead to desiccation (drying out) and 

increased water temperatures. 

Space is often extremely limited, forcing 

organisms to compete for substrate. 

Key Words

Intertidal Zone: The area between high and low tides. 
 
High Tide: The tide when the water is at its highest 
level. 
 
Low Tide: The tide when the water is at its lowest 
level. 
 
Adaptation: A physical or behavioral change that 
helps an organism survive in its environment. 
 
Photosynthesizer: An organism capable of using 
sunlight and carbon dioxide to make food (in the form 
of sugar). Most plants and algae are photosynthesizers. 
 
Brown Algae: A group of organisms in the 
class Phaeophyceae, Kingdom Protista. Brown algaes 
are a large group of mostly marine multicellular algae, 
including many of the kelp (seaweed) species found in 
colder Northern Hemisphere waters. Many algaes, 
such as kelp, anchor themselves using a root-like 
structure called a holdfast, rather than the taproots 
present in plants. 
 
Salinity: The concentration of dissolved salt in water. 
 
Desiccation: A state of extreme dryness caused by 
prolonged periods of being out of the water. 
 
 

Competition for space is a common 

challenge of living in the intertidal zone.
In order to survive in this harsh environment 

intertidal organisms have evolved a wide 

array of specialized adaptations.

Wikipedia
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To deal with the wide variety of challenges in the rocky intertidal, 

organisms developed an even wider array of adaptations:

THREAT: Constant pounding of waves 

ADAPTATIONS: Some animals such as 

echinoderms (sea stars, urchins) cling fast 

to rocky substrates. Other organisms such 

as crabs find shelter inside of crevices or 

thick mats of kelp. 

THREAT: Desiccation 

ADAPTATIONS: Some bivalves, like 

clams, clamp down their shells to limit 

water loss. Some mollusks, such as 

marine snails, slow down evaporation 

rates with hard outer layers. Some 

crustaceans, like barnacles, cluster 

together to reduce individual exposure.

THREAT: Predation from terrestrial 

species (birds and mammals) 

ADAPTATIONS: In addition to 

fastening to substrate and closing their 

protective shells, organisms tend to 

gravitate towards the lower intertidal 

zones, towards deeper water and abundant 

hiding places, that is, for safety.  

Adaptations
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The intertidal zone is the strip of 

land that exists between the high 

and low tide lines. During high 

tide this area may be completely 

submerged while low tide sees 

moisture only from the random 

wave. 

 

Unique within this habitat is the 

“rocky intertidal,” intertidal areas 

filled with rocks. When the tide 

goes out small pools of water are 

left behind in the rocks, creating 

a haven for those intertidal 

creatures looking for more 

moisture. These “tidepools” boast 

a distinctive assortment of 

creatures that lend themselves 

well to lessons focused on 

adaptations and biodiversity. 

Tidepools

Tidepool Etiquette
Watch where you step, that might not be a rock!

Leave things how you found them. If you turn over a rock put it back 

exactly how you found it.

Take only pictures. Leave all rocks, plants, animals, and other tidepool 

creatures exactly how you found them.

Leave animals be. Tidepool organisms have a hard enough life as it is 

without being touched by a bunch of sticky fingers.

Be careful where you put your fingers. Many animals like sea urchins  

 and crabs have defenses against predators. 

Never turn your back on the ocean....it needs you too much!                

 But seriously, watch out for waves and the incoming tide.
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Tides
Tides are are the periodic rising and falling of ocean water that occur 

at regular intervals because of the gravitational pulls of the sun and 

the moon. Tides seem to make the water creep up the beach with each 

incoming wave for part of the day until it reaches a so-called “high 

tide line” and then retreat back down the beach in the same manner. 

The height of tides is determined by the positions of the Earth, sun, 

and moon. The gravitational pulls of the sun and the moon pull the 

ocean water toward them, so the Earth will experience high tides on 

the sides of the Earth closest to the sun and the moon. Since the moon 

revolves around the Earth, the Earth revolves around the sun, and 

Earth rotates on its own axis the distances and relative position of each

of these are constantly changing. Depending on the distances of the 

sun, Earth, and moon the tides may be higher or lower and the currents

stronger or weaker.

For example, when the sun and the moon are at a right angle with the earth, a phenomena 

known as a neap tide, their gravitational pulls partially cancel each other out creating 

weaker tides. When the sun and moon align with the Earth, called a spring tide, their 

gravitational pulls combine creating stronger tides. Since the sun is 360 times further from 

the Earth than the moon, the gravitational pull of the moon is twice as powerful as the pull 

of the sun. The Earth and the moon revolve around a common point every 27.3 days 

creating a tidal cycle that repeats approximately every 27.3 days.  

Key Words
Tides: The periodic rising and falling of 

ocean water that results from the 

gravitational pulls of the sun and the 

moon. 

 

Neap Tide: The weak tide created when 

the sun and moon are at a right angle 

with the Earth. 

 

Spring Tide: The strong tide created 

when the sun and moon align with the 

Earth. 

 

Tide Chart/Tide Table: A graph used 

to represent predicted high and low tides 

over a set period of time at a specific 

location.

5



tid
es

There are two high tides and two low tides each day which, because of the angle of the 

moon to the Earth, may not be of equal height. Tide heights may also differ from day to day 

due to the changing distance between the Earth and the moon. The timing and height of each

high and low tide are predictable and any fluctuations may be measured by scientists and 

used to track hurricanes and winter storms. 

 

Tides are reported in a tide chart or tide table which shows the predicted water level at a 

specific location over a certain period of time. Water levels are portrayed as a wave with 

time and date on the x-axis and water level on the y-axis. The crests of the wave represent 

the high tides, while the troughs represent the low tides. To determine what the water level 

will be at a given time find the date and time on the bottom of the chart, trace up to the tide 

line, and then look to the left side of the chart. Tide charts are specific to a certain time 

period, so new tide charts are issued regularly. 

 

 

 

 

 

 

 

 

 

 

 

Tide charts for the United States may be found through NOAA: 

https://tidesandcurrents.noaa.gov/tide_predictions.html 

 

Tide charts in Mexico may be found through UNAM: 

http://www.mareografico.unam.mx/portal/index.php?page=Estaciones
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Take, damage, injury, or 

possession of any marine resource 

(living, geological or cultural) is 

prohibited. Recreational activities 

are encouraged.

Take, damage injury, or 

possession of any natural 

resource (living, geological or 

cultural) is prohibited.

Take, including fishing/harvest of 

some marine resources is 

permitted. Some consumptive 

recreational and commercial 

activities are allowed at specific 

locations. 

 Matlahuayl  

South La Jolla                      

Cabrillo

Batiquitos Lagoon                 

San Elijo Lagoon                  

Famosa Slough

Swami's 

San Dieguito Lagoon  

San Diego-Scripps Coastal 

South La Jolla 

Tijuana River Mouth

State Marine Reserve (SMR)

No-Take State Marine Conservation Area (SMCA) 

State Marine Conservation Area (SMCA) 

M
PA

s
Marine Protected Areas (MPAs)

California’s coastal and marine ecosystems are some of the most iconic and treasured 

resources in the state and contribute greatly to the history, identity, and economy of the area. 

Unfortunately these same ecosystems are also some of the most exploited and without proper 

care the long-term health of these resources is in jeopardy. Recognizing the need to 

safeguard California’s coastal and marine ecosystems the state legislature passed the Marine 

Life Protection Act in 1999. This act aimed to protect California’s precious marine resources 

by creating a statewide network of marine protected areas (MPAs). Designed to protect the 

diversity and abundance of marine life while still maintaining recreational access for people, 

MPAs now protect over sixteen percent, or 850 miles, of the California coast. 

 

Just as state parks protect resources on land, MPAs protect resources in the ocean by 

managing human activities within biologically important areas. The Marine Life Protection 

Act recognizes that a combination of MPAs with varied amounts of allowed activities and 

protections (marine reserves, marine conservation areas, and marine parks) can help 

conserve biological diversity, provide a sanctuary for marine life, and enhance recreational 

and educational opportunities. 

 

There are 11 MPAs in San Diego County that fall under three categories: 

Key Words
Marine Protected Area 

(MPA): MPAs are areas in or 

near the ocean made to protect or 

conserve marine life and habitat, 

safeguard cultural sites, and 

provide enhanced recreational 

opportunities 

 

Natural Resource: Materials or 

substances such as minerals, 

forests, water, or animals that are 

found in nature and are valuable 

to humans. 

 

Take: To hunt, pursue, catch, 

capture, or kill, or attempt to hunt, 

pursue, catch, capture, or kill.   

 7
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Taxonomy

Taxonomy is the branch of science concerned with the description, identification, 

nomenclature (naming), and classification of organisms. Scientists use morphological, 

behavioral, genetic, and biochemical observations to arrange species in a taxonomic 

hierarchy that groups like organisms together. 

 

Scientists today use a system of classification based on the work of the Swedish botanist, 

physician, and zoologist Carl Linnaeus, also known as the "Father of Taxonomy," who 

lived from 1707-1778.   

 

In modern science there are seven main taxonomic ranks: kingdom, phylum, class, order, 

family, genus, and species. Additionally, an eighth group called "Domain" is commonly 

included as the most general rank, above kingdom. A species is the most specific rank, 

while each rank above it characterizes more general categories of organisms and groups 

of organisms related to each other through inheritance of traits or features from common 

ancestors. As seen below, a red fox would could be classified as being in Domain 

Eukarya, the most general of all the ranks, all the way down to the species name 

vulpes which is only assigned to that specific organism. 

 

Scientists typically refer to organisms using the modern naming system commonly 

referred to as binomial nomenclature in which organisms are given a name with two 

parts. The first part of the name identifies the genus to which the species belongs and the 

second identifies the species within the genus. This is called an organism's scientific 

name. In the example given below, scientists would refer to the red fox as Vulpes vulpes. 

Note the genus is capitalized while the species is not and both are italicized. The use of 

binomial nomenclature is preferred over the use of common names ("red fox" in the 

example below) because there is less room for confusion (for example the common name 

"panther" can be used to refer to any of a number of large cats) and the scientific name is 

the same in every language. 

 

Annina Breen/Wiki
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Identification of Intertidal Organisms

Key Words

Taxonomy: The branch of 

science concerned with the 

description, identification, 

nomenclature (naming), and 

classification of organisms.  

 

Binomial Nomenclature: A two- 

part name comprised of the 

organism's genus and species by 

which an organism is typically 

called. The genus is capitalized 

while species is not and both are 

italicized. Also called an 

organism's "scientific name." For 

example, the red fox is referred to 

as Vulpes vulpes. 

 

Scientific Name: The two-part 

name assigned to an organism 

based on the system of binomial 

nomenclature. 

 

Common Name: The name by 

which an organism is called in 

everyday language.

Most often we refer to organisms at a species level. However, when 

describing or identifying large numbers of organisms it is helpful to group 

them according to the most specific taxanomic rank of which that group 

shares. In the case of tidepool organisms, the amazing diversity of life that 

has found a way to survive in the harsh intertidal has made it necessary to 

group these organisms more broadly. When referring specifically to 

intertidal invertebrates (those organisms which do not have a backbone) 

we typically group them according to phylum.  

 

There are five phyla of invertebrates commonly found in the intertidal:

                        PHYLUM: Porifera - "Pore Bearing" 

Sponges 

Simplest members of Kingdom Animalia 

Multi-cellular but have no tissues or organs 

Body supported by calcium carbonate or silicon-based "spicules" 

Asymmetrical or radial symmetry 

Sessile- do not move 

Filter feeders 

                        PHYLUM: Cnidaria - "Stinging Cells" 

Jellyfish, anemones, corals 

Have stinging cells called nematocysts to help catch food 

Radial symmetry 

Blind sac gut - same hole functions as mouth and anus 

Two body plans: polyp and medusa 

                        PHYLUM: Echinodermata - "Spiny Skin" 

Sea stars, sand dollars, sea cucumbers, sea urchins 

Penta-radial symmetry - body can be divided into five even parts 

Tube feet for movement 

Endoskeleton

 PHYLUM: Mollusca - "Muscular Foot" 

Sea snails, octopuses, squid, mussels, clams 

Bilateral symmetry 

Sensory organs for sight, smell, taste 

Muscular foot for movement which may be 

modified into tentacles 

Body enclosed by a mantle that may secrete a 

shell 

 

 PHYLUM: Arthropoda- "Jointed Legs" 

Lobster, crabs, insects 

Bilateral symmetry 

Exoskeleton 

Body divided into sections 

Molt (shed exoskelton) to grow 

Includes crustaceans 

Most successful phylum 

 

 

Polyp

Tube Feet

Medusa
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Lesson adapted from Buggy and Buddy 

All photos from: 

https://buggyandbuddy.com/tide-pool-science- 

experiment-kids/ 

Materials 

Dish pan or paint tray 

Lots of rocks and stones in various sizes 

Mini toy sea creatures 

Water 

 

Directions  
1. Fill your dish pan with rocks and stones. Make sure to arrange 

them so there are varying levels of rocks in your pan, resembling 

the levels of a tidepool. 

 

2. Place your mini animals in the tide pool model. 

 

3. Before adding water, discuss which animals will be underwater 

first as water is added. 

 

4. Begin to add water one pitcher or cup at a time. (Pay attention 

to which animals are covered with water first.) 

 

5. Continue adding water until you reach high tide. Notice how all 

the animals are underwater during high tide. 

 

6. Before dropping your water level to low tide, discuss which 

animals will be exposed to the air first. Begin removing water one 

pitcher at a time until you’ve reached low tide. Notice how at low 

tide most animals are exposed to air. (This is a great time to talk 

about any body parts or movements sea creatures have to help 

them with low tide!) 

Tidepool in a Pan
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Gravity and Tides
Lesson by: NatureBridge

Overview & Objectives 

This kinesthetic learning activity will help students learn about the Earth’s tides by acting them out. Students 

will learn about the gravitational forces of the sun and moon, lunar phases, and vocabulary describing the 

tides. 

• Students will understand how the gravitational pull of the moon and the sun, along with differential 

gravitational forces, affect the ocean's movements. 

• Students will learn the phases of the moon and vocabulary describing tides. 

 

Materials 

• Rubber bands (one for each student) 

 

Preparation 

• Gather materials 

 

Activity 

• To begin the conversation about the causes of tidal movement, ask these questions. The answers are in 

parentheses. 

 

What makes waves on the ocean? (Wind) 

What are tides? (The tide is the cyclic rising and falling of Earth's ocean surface.) 

What makes tides go up and down? (The moon and sun) 

Does the moon have gravity? (Yes) 

Does the sun have gravity? (Yes) 

What effect does the moon's gravity have on the ocean? (It causes a tidal bulge on the side of the Earth closest 

to the moon) 

 

• Place a rubber band on a table in a circular shape. It represents the oceans. Now place one finger in the 

middle of the rubber band. The finger represents the Earth and ocean's center of gravity. Call the finger "e". 

Now place a finger from your other hand along the inside edge of the rubber band. This finger represents the 

force the moon exerts on the Earth's oceans. Call this finger "m." Following a straight line, slowly pull m 

away from e. At this point, the rubber band stretches. 

 

This is a simplistic model of the effect of differential gravitational forces on the oceans. The moon exerts a 

much stronger pull on the water molecules closest to it. The molecules on the other side of the Earth receive a 

much weaker pull. In very simple terms, the difference in the moon's pull on the two sides of the Earth creates 

a stretched effect on the oceans. These pulling forces are called differential gravitational forces. 
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Gravity and Tides Cont.
• Now have all students except one form a tight circle, sitting or standing, with their elbows interlocked 

and facing inward. This circle is a very simplistic model of the Earth if it were covered with water at a 

consistent depth. 

• The lone student represents the moon and walks slowly around the outside of the circle. As the moon 

passes by, the students in the circle who are nearest the moon lean toward it. The students the opposite side 

of the circle also bulge out, representing differential gravitational forces. 

• After the moon passes by, the students return to an upright position. 

• If necessary, the teacher can stand in the middle of the circle and point to where students should lean 

outward. 

• Have the moon stop at several points in the circle and let the class see where high and low tides are in 

relation to the moon's orbit. High tides are the areas where the students are leaning out away from the 

center of the circle. Low tides are at the sides of the circle, halfway between the high tides. 

• Students take turns being the moon until everyone is leaning outward at the correct times. 

 

Extensions 

In addition to the moon, have another student play the sun. Students act out the combined gravitational 

pull of the moon and the sun. Remember the sun's gravitational pull is not as strong as the moon's. 

• For this scenario only demonstrate the areas where the sun is in alignment with the moon (spring tide) 

and where the sun, Earth, and moon form a 90 degree angle (neap tide). 

• When the sun, Earth, and moon are in alignment, the tides are more extreme. 

• When the sun, Earth, and moon form a 90 degree angle, the gravitational pull of the sun and moon 

mostly cancel each other out. The difference between high and low neap tides is relatively small. 

• Give students a copy of a current tide chart. Ask them how many times a day the high and low tides 

occur. Compare what happens on the tide chart when the moon is full, new, and in the first or third quarter. 

See the References section for information on locating a tide chart. 

 

Adapted by John Carlstroem and Linn Jensen from the Adopt-A-Beach School Education Program, 

Tidal Waves. 1983 

 

References 

1001 Questions Answered About the Seashore by Jacquelyn Berrill and N.J. Berrill. Oceanography: An 

Invitation to Marine Science by Tom Garrison 

 

Tide charts for the California Coast can be obtained from many coastal sporting goods stores. 

Saltwatertides.com and Tidesonline.com also provide free online tide charts. 
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Slow Motion Ocean 
(Making Waves) 

Lesson by: California State Parks
Activity Summary 

Students create waves by blowing through straws on a pan of water. They then use a model to observe the 

way that approaching shallow water causes waves to break. 

 

Introduction 

Most ocean waves are caused by wind blowing across the surface of the ocean. The stronger the wind and 

the longer the time it blows across the water, the larger the waves. 

 

As a wave approaches a beach, it encounters shallow water. The lower part of the wave, being in contact 

with the land under the sea, is more influenced by friction with the bottom and slows down more than the 

top. Thus, the top of the wave “outruns” the bottom, which is what causes waves to “break.” 

 

If a wave encounters a reef or shallow bottom far from the shore, much of the energy is dissipated by the 

offshore breakers. When the water remains deep until close to shore, the waves tend to hit the shore with 

much more force. 

 

Students should be reminded that a wave isn’t a mass of water moving from one place to another. If it 

were, the place from which the waves came would soon run out of water. Rather, a wave is energy moving 

through the water, which displaces the water slightly. 

 

Grouping 

3-5 students per group 

 

Time 

Approximately 30 minutes, if the wave bottles are already made; more if the students are making the 

bottles 

 

Anticipated Outcomes 

Students will understand that wind is the cause of most waves. 

Students will understand why waves “break.” 

 

Materials 

For each group: 1 shallow pan (pie tin, baking pan, paint tray, or? ... maybe with sand in it?) 

1 or 2 straws 

1 clear large ketchup or other bottle with a long tapered neck and cap (see diagram) 

Corn syrup and vegetable oil (the amount will depend on the bottle size) 

Blue food coloring 

Recommended: plastic tape for taping the cap on the bottle 

Alternative to straws: battery operated or electric fan 16



Slow Motion Ocean 
(Making Waves) Cont. 

Teacher Preparation: Try this activity yourself before doing it with students! 

Obtain materials above 

Depending on students, either have them prepare the wave bottles, or try to arrange for a parent volunteer 

to do so. To make the wave bottle: 

Obtain one bottle per group. The bottle should have a long tapered neck. 

Fill the bottle about a quarter full with corn syrup. 

Mix in a few drops of blue food coloring. 

Slowly pour in some vegetable oil until the thick part of the bottle is about half full. 

Cap the bottle tightly, and seal the cap with plastic tape. 

 

Procedure 

Making Waves: 

1. Ask students what they think causes waves. 

2. Ask students what they predict will happen if wind blows across the surface of water. 

3. Either demonstrate or have students experiment with forming waves by either blowing across the 

surface of water in a pan or using a fan to blow wind across the surface. 

4. If using an electric fan, caution students about the danger of water and electricity. 

5. Have students experiment (or demonstrate) with the fan on fast and slow speeds. 

6. If using straws, have students blow on the water without straws, then with straws to concentrate the 

force. Have them blow hard and soft, and at different angles. 

 

Breakers: 

1. Have the students slowly tip the wave bottles, observing what happens as the mixture approaches the 

narrow end, which simulates a coast getting shallower. 

2. Call on students to describe their observations. 

 

Discussion 

1. See above. 

2. Discuss the difference between wind-driven waves and tsunamis. 

3. Discuss the effect of waves breaking on tide pool organisms, and on wave spray on zone 

 

Assessment 

• Can students explain what causes waves and what causes waves to break? 

 

References 

Littlefield: Awesome Ocean Science!, p. 26 Project WET Curriculum Activity Guide, p. 450-451 
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Drying Out in the Water? 
Lesson by: California State Parks

Activity Summary 

Students place pieces of carrot in the air, tap water, sea water, saturated salt solution, and salt. They then 

observe the carrot pieces the next day and observe changes in size and turgidity (rigidity). 

 

Introduction 

Few fresh water organisms can live in ocean water, and few marine organisms can survive in fresh water. 

One reason for this is osmosis, or movement of water across a semi-permeable membrane such as a cell 

membrane, from an area of high concentration (of water) to the other side of the membrane where there is 

a lower concentration of water. Most fresh water organisms will lose water from their cells if placed in sea 

water. If they lose too much water, they die. 

 

Tide pool organisms, especially those in small pools in the upper zones, must be able to either leave the 

tide pool or deal with very salty water on a warm summer day when water evaporates from the pool, or 

with water that is less salty than ocean water on a rainy day. Some deal with this varying salinity by 

clamping down on rocks or closing shells. Others have tough skins that aren’t very permeable to water. 

Others have a high tolerance for a range of salinities. 

 

Grouping 

Groups of 2-4 students 

 

Time 

Day 1: 10-30 minutes 

Day 2: 15-30 minutes + discussion 

 

Anticipated Outcomes 

Students will understand that water can move in and out of cells and organisms. 

Students will understand that losing too much water is harmful to an organism. 

Students will understand that tide pool organisms must have adaptations for dealing with a variety of 

salinities. 

 

Materials 

● Paper and pencils 

● Rock salt and table salt 

● Carrots (“baby carrots?”) 

● Knife (teacher or parent volunteer uses) 

● 5 similar containers for each group: plastic cups, baby food jars, beakers, or? 

● 6" of masking tape or some other way to label containers 

● Optional: ruler with millimeters 
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Drying Out in the Water 
Cont. 

Teacher Preparation (Try this experiment yourself before doing it with students!) 

● For each group, cut 5 carrot slices of approximately equal diameter and thickness. “Baby carrots” are 

good for this because their sides are less tapered than fresh carrots, and they have had the outer layers 

removed. Alternatively, use large carrots and cut cubes of equal size. This may be preferable if you choose 

to have the students measure the sides of the carrots and calculate volume. 

● Either obtain some sea water or prepare an artificial sea water sample by dissolving about 28 grams (1 

ounce) of table or rock salt in a liter (quart) of water. 

● Make a saturated salt solution by adding salt to a liter of warm water until no more will dissolve, then 

add more. Let this stand overnight, and add more if all of the salt has dissolved. Keep doing this until no 

more will dissolve. Regular table salt will produce “cloudy” water; rock salt is recommended. 

● Either put together sets of materials for the students or set up stations where they will pick up their 

materials. Each group will need the following: 

• 5 containers such as plastic cups, baby food jars, Petri dishes, or beakers 

• Tap water, sea water, saturated salt solution, dry table salt 

• Pencil (not pen, as pen will run if it gets wet while pencil won’t) 

• White paper 

• 6 inches of masking tape or some other way to label the containers Consider starting this experiment late 

one day and finishing it the next morning. 

 

Procedure 

1. Ask the students to tell what they think would happen to a fresh water animal if it were put into the 

ocean. 

2. Ask the students what they think would happen to an ocean animal if it were placed in a fresh water 

lake. 

3. Ask the students to predict, in writing, what they think would happen to a piece of carrot if it were put 

overnight in ocean water, very salty water, dry salt, tap water, and the air. 

4. Explain the following procedure to the students, using materials to demonstrate: 

a. Use masking tape to number the 5 containers. Place the following into the containers: 

#1: nothing (air) 

#2: tap water (approx 1" deep) 

#3: 1"of sea water 

#4: 1" of saturated salt solution 

#5: nothing yet…will add dry salt after the carrot piece is in the container  
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b. Place 5 carrot disks on a piece of paper and draw around each of them with a pencil. Be sure to keep 

track of which piece goes with each circle by numbering the circles to correspond with the 5 numbered 

containers. 

c. Place the carrot disks into the containers, being sure that the numbers correspond. For #5, place the 

carrot disk in and cover it with table salt. Set the experiment aside where it won’t be disturbed. 

d. The next day, have students observe the containers/carrots, then have them remove the carrot disks and 

record their observations about both their size and turgidity (stiffness). 

• Students should notice that the carrot disk in the saturated solution is floating, while the others are on the 

bottom. This is because the saturated salt solution is denser than the carrot disk. 

• They might measure the diameters, or simply place the disk on the corresponding circle drawn the day 

before. 

• For older students, consider having them calculate the volume before and after. 

5. After the students have recorded their observations, discuss the observations and the implications for 

organisms. (Do this before cleaning up, so you can show examples.) 

 

Typical results might be: (water moves from a high density [%] of water to where there is a lower % 

of water) 

● Carrot in air - will lose about 1/3 of its diameter and become soft (air has little water in it) 

● Carrot in tap water - will stay the same, and may become more turgid/firm (higher % water outside 

carrot) 

● Carrot in sea water - will lose about 1/10 of diameter and become softer (lower % water outside carrot) 

● Carrot in saturated salt solution - will lose a little more, become softer, and float (still lower % water 

outside, and carrot cellulose tissue is less dense than water) 

● Carrot in dry salt - will lose about 1/3 of its diameter and become soft (water diffuses out into salt) 

 

Discussion 

1. Why did some of the disks shrink? (Water left the cells because there was more water (a higher 

percentage) in them at the start than in the surrounding water (or air or salt), so more molecules were 

moving outward from the cells than inward. This is called osmosis. 

2. Why didn’t the tap water disk shrink? (water entered cells as fast as it left) 

3. Why did some carrots get soft? (water left the cells) 

4. What would happen to a fresh water animal placed into the ocean? Why can’t people on a life raft in the 

ocean just drink the ocean water? 

5. What would happen to an ocean animal placed in fresh water? 

6. How might tide pool organisms deal with a salty pool on a sunny day? With a tide pool that was 

becoming more diluted (less salty) during a rain storm? 

 

 

Drying Out in the Water 
Cont. 
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Lesson by: Greater Farallones Association

Objective 

Students will be introduced the concept of sustainable development with a simple classroom activity that 

illustrates how “cooperative behavior” between people competing for a limited resource can benefit all 

involved. 

 

Materials and Supplies 

M&M candies or other small prizes, enough to award 15 to each student 

 

Background 

Pairs of students will thumb wrestle to represent competing for a limited resource. For each time one 

person traps the other person’s thumb, the “thumb trapper” earns one point. The goal for each pair is to 

score the most number of points. Be aware that calling the pair of students either partners or opponents 

when introducing the activity may influence the outcome. Some students will fight to get the most points 

and neither in the pair will get many. Other students will figure out if they work together, they both can 

easily earn lots of points. By working together, student pairs are cooperating and both benefit. This 

cooperative behavior is important in sustainable development. 

 

Activity 

1. Tell your students that they are going to thumb wrestle for M&M’s. 

2. Pair the students up and tell them they have 30 seconds to play and to count the number of thumb trap- 

pings by each student. For each thumb trapping, each individual earns one M&M. 

3. Say go and 30 seconds later say stop. 

4. Pass out one M&M for each point. 

5. Discuss the strategies that each pair developed. Some pairs will get 5-7 and other will figure out that 

they can get 20 or more. How much time does it take to earn one point? 

6. Have students think about how people in the fishing industry compete for a single resource such as a 

local population of fish and how they can work together. The students with larger hands might be 

compared with factory ships that can sweep the ocean with nets miles long, leaving less for the small 

fishing boats. Students who work together and trade off winning are like those who share the common 

resources. If resources are shared through policies like quotas, everyone can benefit with more 

employment, controls on catch sizes, and higher market price. Even the fish can benefit. 

 

Extension 

Have your students find newspaper articles on declining fisheries and the solutions proposed. Review the 

results of quota that have been imposed elsewhere (See California Sea Grant’s Cooperative Extension 

Newsletter from November-December 1994 on the British Columbia halibut fishery quotas). 

Wrestling for Resources
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Background information:

(recommended one to six 50-minute class periods)

In this lesson students will explore the unique adaptations organisms in the 

rocky intertidal possess to help protect against drying out (known as 

desiccation). Students may complete a tidepool journal during an optional field 

trip to learn more.

 

Marine Protected Areas (MPAs)

     We can think of marine protected areas, or MPAs, as underwater parks. 

Just like we have national, state, and regional parks on land, there are many 

different types of MPAs. Different parks allow different activities - same with 

MPAs! In some of them you can fish, while in others you can’t. Some MPAs 

allow all kinds of activities (fishing, swimming, boating, etc.) while others are 

much stricter. By restricting what people can do and take in these underwater 

parks, we can protect California’s natural resources.

     California has 124 MPAs all along the coast. These MPAs protect many 

different habitats where many different animals live. MPAs give marine species 

a safe place to breed and grow. Animals inside of MPAs may be larger than 

those found outside of MPAs, allowing them to have more offspring than 

smaller animals. Offspring born within MPAs may also have access to more 

food, space, and other resources, allowing offspring to be healthier.

MPAs also provide opportunities for people to see beautiful, protected ocean 

spaces through snorkeling, scuba diving, swimming, kayaking etc. 

Sometimes, people don’t know that they are in an MPA and accidentally do 

something they aren’t supposed to do. That’s why it is important to 

understand what MPAs are, why we have them, and where they are - so you 

know if you are in one! 
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Desiccation Lab 
Rocky Intertidal  - Grades 1-5

NGSS: DCI (Disciplinary 

Core Ideas):

HS-LS2-2

HS-LS2-7

HS-ESS3-1

 

Time: Four to nine 50-

minute class periods plus 

one and a half to two hour 

field trip

 

Materials for the Teacher

-Life in the Sand: Field 

Guide to Sandy Shores

 

 

 

 

Learning Objectives
A) Students will explore a tidepool and record data on tidepool organisms, exposure to sun and 

desiccation of sea anemones, and human impacts on the rocky intertidal (Part 1).

B) Students will learn about taxonomy by sorting their tidepool organisms into categories    

(Part 2).

C) Students will use art to further explore taxonomy and adaptations and discuss threats to the 

rocky intertidal (Part 3).

 

 

 

Part 1: Data Collection



     MPAs limit or prohibit which intertidal organisms may be taken by humans, 

reducing the stress and safeguarding resources on species within this dynamic 

environment.

 

Activity: Desiccation Lab

     In this lab students will explore the idea of desiccation –  drying out due to 

exposure to the sun. Tidepool organisms have learned to live in extreme 

environments where they may be completely submerged in water for long 

periods of time or completely out of the water and exposed to the sun for long 

periods of time. Many tidepool animals, such as sea anemones, have learned to 

protect themselves from drying out by covering themselves with shells or algae 

during periods in which they will be out of the water (imagine that shells and 

algae are kind of like sunblock for tidepool animals!). 

     MPAs help protect these types of animals by limiting or prohibiting take of 

resources such as shells and algae, leaving more covering material available. In 

this lab students will create a model of two tidepools, one inside an MPA where 

there are ample materials to cover their tidepool animal and one outside of the 

MPA where humans have collected almost all the shells the animals would have 

used for protection. Students will use sponges to represent sea anemones and 

algae or leaves and shells to represent the protective coverings or “sunblock.”

     Students will form a hypothesis about whether or not there will be a 

difference in how long the sea anemones inside the MPA can survive in the sun 

vs. the sea anemones not in the MPA and collect scientific data to test their 

hypothesis.
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Materials for the Students

-Living on the Edge: Field 

Guide to the Rocky 

Intertidal

-Two pans, boxes lined with 

wax peper, or Tupperware 

per group

-Dry dirt or sand

-Rocks of assorted sized

-Two sponges per group

-Clumps of algae or leaves

-Desiccation lab data sheet

-One tidepool journal (see 

appendix) per student

-Pencils

 

Vocabulary

-Marine Protected Area 

(MPA): MPAs are areas in 

or near the ocean made to 

protect or conserve marine 

life and habitat, safeguard 

cultural sites, and provide 

enhanced recreational 

opportunities.

-Take: To hunt, pursue, 

catch, capture, or kill, or 

attempt to hunt, pursue, 

catch, capture, or kill any 

natural resources.

 

Rocky Intertidal

     MPAs protect a wide range of ecosystems including kelp forests, sandy shores, and the 

rocky intertidal. This lesson will focus on the unique and fun rocky intertidal

     The intertidal zone, the unique area between the high and low tide lines, is a harsh and 

unforgiving habitat. The highly conditioned species that live there are subject to the rigors of 

both the land and the sea, going from completely submerged to only occasionally wet within 

just a few feet of space. Organisms that inhabit the intertidal zone must endure extreme 

fluctuations in moisture level, temperature, salinity, and sunlight creating a robust assortment 

of biologically diverse organisms. These fascinating creatures boast an even more fascinating 

set of adaptations, creating an adventure for anyone who visits this space between the land and 

the sea. 

1) Prep/Gather materials needed for lab:

    a.Mini tidepool models

       i. Two pans, boxes lined with wax paper, or Tupperware containers per group

      ii. Dry dirt or sand

     iii. Rocks of assorted sizes

b) Two sponges per group (could cut a sponge in half and use the halves instead)

c) Boxes of materials students may use to cover their sponges. Make two boxes of 

materials: one for use to cover the sponges in their MPA containers and one for 

their non-MPA containers. The box of materials for the MPA should be quite full 

and provide various items to use as cover.
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Vocabulary

-Intertidal Zone : The area 

between the high and low 

tide lines.

-Desiccation - Drying out 

because of being left out of 

the water at low tide.

Tidepool - Small pools of 

water left behind when the 

tide goes out. 

 

California Department of 

Fish and Wildlife Key 

Messages:

-MPAs protect the natural 

diversity and abundance of 

marine life, and the structure, 

function, and integrity of 

marine ecosystems.

-MPAs help sustain, 

conserve, and protect marine 

life populations, including 

those of economic value, and 

rebuild those that are 

depleted.

 The box for the non-MPA should be fairly empty, representing a lack of shells and algae due to 

people collecting them in the unprotected area.

       i.     MPA

         -    Assorted shells (seashells or rinsed egg shells)

         -    Clumps of algae, large, flexible leaves (not dry), or cloth torn into strips to simulate 

clumps of algae

      ii.     Non MPA

         - Just a few random bits of similar items as above

2) Introduce Lesson

    a. Discuss the importance of tidepool organisms remaining damp.

    b. Ask the students how long a tidepool animal might remain damp if it is uncovered by the 

 tide going out or someone moving a rock or clump of algae.

     a. Describe the experiment to the students, including the materials they 

will be using, and ask them how they might use the materials to design an 

experiment. When introducing the materials do not mention that the non-

MPA bin of materials will have less than the MPA bin. Let them discover 

this and ask questions about it during set up.

3) Prepare Tidepool Models

     a. Pass out two containers and two sponges to every group.

     b. Have students label one container “MPA/Protected” and one container 

“Unprotected.”

     c. Have students fill their containers approximately 2” full with dry soil or 

sand. Create a “tidepool” by placing rocks on top of the sand.

     d. Have students soak both sponges in water and then place one sponge on 

top of the sand and rocks in each of their containers.

     e. Start by having students choose items out of the MPA bin to cover the 

sponge in their MPA model. Have them think about whether their animals 

would want to be completely covered or only partially covered and cover 

them accordingly.

     f. Repeat the process for the non-MPA model with the items from the 

non-MPA bin. Most of the sponges in their non-MPA will be uncovered.

     g. If possible place containers outside in the sun or under a sunny window.

4) Collecting Data

     a. Either provide the students with a data table or have them create their 

own.



 

Field Trip (optional, recommended 1 hour in the field)

     During this field trip students will have the opportunity to explore a local 

tidepool and complete several activities related to tidepool organisms and 

conservation.

 

Teacher Prep:

1) Determine which tidepool your class will visit. The following website has 

good suggestions: https://lajollamom.com/best-san-diego-tide-pools/

2) Note if your tidepools are within an MPA or outside of an MPA. From the 

above website all of the tidepools are within an MPA except Shell Beach.

3) Check the tide to determine which day and time will have an acceptable low 

tide for this project. Negative, outgoing tides are best, although tides under ~1 

foot often work as well. The best tides are in the winter and early spring.

 

Tides may be found here:

https://tidesandcurrents.noaa.gov/tide_predictions.html?gid=1393

 

1) Print a tidepool journal for each student (see appendix). In class go over 

each of the activities students will be doing in the field. The journal is also 

designed as a coloring book, so you may give students time to color the pages. 

Distribute to chaperones to hand out to students in the field.

 

In the Field:

1) Go over good tidepooling practices with the students:

-Watch where you step, that might not be a rock!

-Leave things how you found them. If you turn over a rock put it back exactly 

how you found it.

-Take only pictures. Leave all rocks, plants, animals, and other tidepool 

creatures exactly how you found them.

-Leave animals be. Tidepool organisms have a hard enough life as it is without 

being touched by a bunch of sticky fingers.

-Be careful where you put your fingers. Many animals like sea urchins and crabs 

have defenses against predators.
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     b. Have students make predictions about how long they think it will take each sponge to dry 

out by guessing whether each sponge will be wet, very damp, damp, slightly damp, or dry for each 

time interval. Fill this in under the “Our Guess” categories.

     c. Check the sponges every 15 minutes (or any other regular interval that works with your class 

schedule) and record whether the sponges are wet, very damp, damp, slightly damp, or dry in the 

appropriate cell on their data sheet.

     d. Continue until the sponges are dry or you reach the end of your allotted time during class.

5) Class Discussion

     a. How close were your predictions?

     b. Did animals stay damp longer in the MPA or outside of the MPA? Why?

     c. What other tidepool animals have you heard of? Could any of them be affected by the things 

that people do in the tidepool?

-MPAs improve 

recreational, educational, 

and study opportunities 

provided by marine 

ecosystems that are subject 

to minimal human 

disturbance, and manage 

these uses in a manner 

consistent with protecting 

biodiversity.

-MPAs protect marine 

natural heritage, including 

protection of representative 

and unique marine life 

habitats in California 

waters for their intrinsic 

values.

 

Connections:

Art, science, engineering

 

Ocean Literacy 

Connection:

-The ocean supports a great 

diversity of life and 

ecosystems.

-The ocean and humans are 

inextricably interconnected.



     c. Sea anemone activity: As a follow up to the desiccation lab done in class, 

have each group find a clump of anemones out of the water in the field and 

record how many of them are completely covered, partially covered, and not 

covered by shells or algae.

     d. Human activity monitoring: Have students take a look around them at the 

other people in or near the tidepools. Have them record how many people are: 

looking in tidepools, walking or running, collecting shells, 

sitting/relaxing/napping, fishing, or playing in the water. Ask them to make a 

special note of any activities that may impact the tidepools.

5) At the end of the field trip collect student journals to use for follow up in 

class.

 

 

1) Back in the classroom distribute the students’ tidepool journals (or make 

copies of the page where they drew the tidepool organisms).

2) Have students cut the journal in half (hamburger style) so that the page 

with their organism drawings is separate.

3) Have students cut out the square for each of their tidepool organism 

drawings.

4) In their research groups have students combine all their organism 

drawings.

5) Instruct students to work together with their research groups to sort their 

organisms into different categories. For instance, students may choose to sort 

them by shape, color, size, presence of a certain adaptation, etc. How they 

actually end up sorting them is not as important as them thinking through 

ways to sort organisms.

6) Once all groups have sorted their organisms have them present their 

sorting method to the class.

7) Present the idea of taxonomy to the students, including the classification 

system. Explain that intertidal invertebrates, tidepool animals without a 

backbone, are so diverse that we classify them by phylum, one of the most 

general categories.

8) Present the five phyla of intertidal invertebrates (for more information 

refer to Living of the Edge: Field Guide to the Rocky Intertidal:
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Suggested extensions:

-Omit the field trip portion 

and distribute "creature cards" 

(see appendix) for sorting in 

Part 2.

 

 

-Never turn your back on the ocean....it needs you too much! But seriously, watch out for waves 

and the incoming tide.

2) Break students into small groups, each accompanied by a chaperone.

3) Give boundaries, an emergency meeting spot, a final meeting place, and end time.

4) Release student groups, led by chaperones, to explore the tidepools and complete their 

tidepool journals. Journals include:

     a. Cover page: Have students fill in their name, date, tidepool location, and whether or not 

the tidepools are located within an MPA. Students may color the cover as an optional activity 

(note: students will be cutting up this page for a later activity)

     b. Tidepool organism classification: Instruct students to find and draw six different tidepool 

organisms. Each should be a different species (i.e. only draw one anemone, one shore crab, etc).

Part 2: Data Analysis
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     a.     Porifera (sponges) – “pore bearing”

     b.     Cnidaria (Cnidarians) – “stinging cells”

     c.     Echinodermata (Echinoderms) – “spiny skin”

     d.     Arthropoda (arthropods) “jointed appendages”

     e.     Mollusca (Mollusks) – “muscular foot”

9) Present the one vertebrate phylum, chordata (chordates, aka vertebrates), and explain that any 

animal with a backbone falls into this category.

10) Have students rearrange their cards, if necessary, into the six phyla mentioned above.

 

PART 3: Conclusions
Activity:

In this activity students will create an organism that fits into one of the six phyla presented in 

Part 2. This activity can be used as a check for understanding.

1) In their research groups or individually instruct students to create an organism. The organism 

must:

     a.     Not exist in real life

     b.     Live in the rocky intertidal

     c.     Fit into one of the six phyla presented in Part 2

2) Students should:

     a.     Draw their organism

     b.     Name their organism

     c.     State in which phylum it belongs

     d.     State its diet

     e.     State its predators

     f.     Name three adaptations their organism has to help it survive in the    

              rocky intertidal

     g.     Describe how MPAs might help protect their organism

3) Allow students to share their organisms with the class.

 

Discussion:

1) Discuss the diversity, or different types of species, you found in the tidepools.

2) Did you collect your data inside an MPA or outside of an MPA? Do you think that made a 

difference in the diversity of species you found? Do you think diversity is higher inside or 

outside of an MPA? Why?

3)  What types of human activity did you record at the tidepool? Did any human activity hurt 

wildlife? Help wildlife? Do you think being in an MPA/not being in an MPA affected human 

activity?

 



2

Engage: Have students learn about the challenges of living in the rocky intertidal through 

the desiccation lab activity.

Explore: Visit a tidepool and use the included tidepool journal to guide observations.

Explain: Explain that scientists categorize organisms based on the way they look.

Elaborate: Have students sort the organisms they observed in the tidepool before 

explaining the system scientists use. Discuss impacts of human activity on some of these 

organisms.

Evaluate: Ask the students questions relating to what they have learned (more questions 

may be found in Part 3 of this lesson plan).

Q1: Did you see high diversity (a lot of different creatures) or low diversity (not as many 

creatures) in the tidepool?

Q2: What types of human activity did you observe? Did any human activity seem to be 

helping or hurting the wildlife?

Q3: What roles do MPAs play in protecting organisms?

4) How many of the sea anemones you observed were completely covered? Partially 

covered? Not covered at all? Did you notice any human activity that could have affected 

how many shells and algae were available for the sea anemones to use as covering? Is this 

the result you expected? What roles do MPAs play in protecting organisms?

5) What are some things you can do to help protect tidepool creatures?

7
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3-LS3-1 Analyze and interpret data to provide evidence that plants and animals have traits 

inherited from parents and that variation of these traits exists in a group of similar organisms.

3-LS3-2 Use evidence to support the explanation that traits can be influenced by the 

environment.

3-LS4-3 Construct an argument with evidence that in a particular habitat some organisms can 

survive well, some survive less well, and some cannot survive at all.

 

            Science and Engineering Practices
Developing and Using Models: Use a model to test cause and effect relationships or interactions 

concerning the functioning of a natural or designed system.

Asking Questions: Ask questions that arise from examining models or a theory to clarify and/or 

seek additional information to determine relationships, including quantitative relationships 

between independent and dependent variables, and/or evaluate questions that challenge the 

premise(s) of an argument, the interpretation of a data set, or the sustainability of a design.

Analyzing and Interpreting Data: Analyze data using tools, technologies, and/or models (e.g., 

computational, mathematical) in order to make valid and reliable scientific claims or determine 

an optimal design solution, apply concepts of statistics and probability (including determining 

function fits to data, slope, intercept, and correlation coefficient for linear fits) to scientific and 

engineering questions and problems, using digital tools when feasible. Consider limitations of 

data analysis (e.g., measurement error, sample selection) when analyzing and interpreting data, 

and evaluate the impact of new data on a working explanation and/or model.

Constructing Explanations and Designing Solutions: Make a quantitative and/or qualitative 

claim regarding the relationship between dependent and independent variables. Design, evaluate, 

and/or refine a solution to a complex real-world problem, based on scientific knowledge, student-

generated sources of evidence, prioritized criteria, and tradeoff considerations.

 Engaging in Argument from Evidence: Construct, use, and/or present an oral and written 

argument or counter-arguments based on data and evidence and make and defend a claim 

based on evidence about the natural world or the effectiveness of a design solution that 

reflects scientific knowledge.

NGSS Alignment

     Crosscutting Concepts
Systems and system models: Defining the system under study—specifying its boundaries and 

making explicit a model of that system—provides tools for understanding and testing ideas that 

are applicable throughout science and engineering. 

Structure and function. The way in which an object or living thing is shaped and its 

substructure determine many of its properties and functions.
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          Online Resources  
Scripps Institution of Oceanography Guide to San Diego Tidepools: 

https://scripps.ucsd.edu/sites/scripps.ucsd.edu/files/communications-

content/field_attachment/2014/Voyager_V11_n4.pdf

 

Cabrillo National Monument Tidepool Guide: 

https://www.nps.gov/cabr/learn/nature/upload/CABRI_Intertidal-GuideCNMC_reduced.pdf

 

Southern California Tidepool Guide: 

https://dornsife.usc.edu/assets/sites/291/docs/Southern_California_Tidepool_Organisms_ID

_sheet.pdf
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Background information:

(recommended one to six 50-minute class periods)

See Living on the Edge: Field Guide to the Intertidal Zone for more background 

information and classroom activities that may accompany this lesson. It is 

recommended you take one 50-minute class period to cover each of the six 

topics covered in the field guide: The Intertidal Zone, Adaptations, Tidepools, 

Tides, Marine Protected Areas, and Taxonomy/ID.

 

Marine Protected Areas (MPAs)

     We can think of marine protected areas, or MPAs, as underwater parks. Just 

like we have national, state, and regional parks on land, there are many different 

types of MPAs. Different parks allow different activities - same with MPAs! In 

some of them you can fish, while in others you can’t. Some MPAs allow all 

kinds of activities (fishing, swimming, boating, etc.) while others are much 

stricter. By restricting what people can do and take in these underwater parks, 

we can protect California’s natural resources.

     California has 124 MPAs all along the coast. These MPAs protect many 

different habitats where many different animals live. MPAs give marine species 

a safe place to breed and grow. Animals inside of MPAs may be larger than 

those found outside of MPAs, allowing them to have more offspring than 

smaller animals. Offspring born within MPAs may also have access to more 

food, space, and other resources, allowing offspring to be healthier.

       MPAs also provide opportunities for people to see beautiful, protected 

ocean spaces through snorkeling, scuba diving, swimming, kayaking etc. 

Sometimes, people don’t know that they are in an MPA and accidentally do 

something they aren’t supposed to do. That’s why it is important to 

understand what MPAs are, why we have them, and where they are - so you 

know if you are in one!
1

Intertidal Transects
Rocky Intertidal  - Grades 6-8

NGSS: DCI (Disciplinary 

Core Ideas):

LS2.A

LS4.D

 

Time: Four to nine 50-

minute class periods plus 

one and a half to two hour 

field trip 

 

Materials for the Teacher

-Living on the Edge: Field 

Guide to the Intertidal 

Teacher Edition

-Quadrat photos if not doing 

field trip

 

Materials for the Students

-Living on the Edge: Field 

Guide to the Intertidal 

Student Edition

-Clipboard

-Vertical Transect Datasheet 

(from appendix) and pencil

-0.5m x 0.5m quadrat

-Transect tape or string 

 

 

Learning Objectives
A) Students will use vertical transect surveys to collect population data for key intertidal 

organisms at sites inside and outside of the South La Jolla State Marine Reserve (Part 1).

B) Students will use descriptive statistics to analyze the abundance of species found inside and 

outside of the MPA

(Part 2).

C) Students will compare abundance inside and outside of the MPA to draw conclusions about 

MPA impact on abundance

(Part 3).

Part 1: Data Collection



unforgiving habitat. The highly adapted species that live there are subject to 

the rigors of both the land and the sea, going from completely submerged to 

only occasionally wet within just a few feet of space. Organisms that inhabit 

the intertidal zone must endure extreme fluctuations in moisture level, 

temperature, salinity, and sunlight. Those that are able to do so make up a 

robust assortment of biologically diverse organisms with specialized 

adaptations. Visiting these creatures in the space between land and sea is 

truly an adventure!

MPAs limit or prohibit which intertidal organisms humans may take. This 

reduces stress on intertidal organisms and safeguards marine resources within 

this dynamic environment.

 

Measuring Abundance

     Abundance is a measure of the number of individuals of a particular 

species in a given area. In its most basic form, abundance equates to population 

size. For example, if you found 500 limpets at Site A and only 57 limpets at Site 

B in the same amount of space, then Site A would be said to have a greater 

abundance of limpets. However, as is often the case in science, things are not 

always so straightforward and measuring abundance usually involves quite a bit 

of math!

     There are many ways to calculate abundance, including frequency, density, 

or simple presence/absence. In this lesson we will use descriptive statistics to 

compare the abundance of target species at two sites using frequency (the 

percentage of subsamples, in this case quadrats, that contained our target 

species), density (in this case calculated by average number of individuals found 

per square meter), and range.

     So why do all of this math when we are studying conservation? One of the 

primary goals of MPAs is to protect, or even increase, species abundance. By 

limiting or restricting take, we will hopefully increase the number of breeding 

females as well as allow those females to have more offspring, thereby 

increasing population size at a rate higher than non-protected areas. See the Big 

Old Fertile Female Fish (BOFFF) activity for a great representation of this 

concept. Quantifying the increase in species abundance inside of MPAs helps to 

guide informed MPA management.
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Vocabulary

-Marine Protected Area 

(MPA): MPAs are areas in 

or near the ocean made to 

protect or conserve marine 

life and habitat, safeguard 

cultural sites, and provide 

enhanced recreational 

opportunities.

-Take: To hunt, pursue, 

catch, capture, or kill, or 

attempt to hunt, pursue, 

catch, capture, or kill any 

natural resources.

-Natural Resource: 

Materials or substances such 

as minerals, forests, water, 

or animals that are found in 

nature and are valuable to 

humans.

-Intertidal Zone: The area of 

land in between the high and 

low tidelines.

-Abundance: A measure of 

the number of individuals of 

a particular species in a 

sample.

-Random sample: Data 

collected from a random 

subset of a population, 

meant to represent the entire 

population.

     Also, have students start to think about the following now. We will discuss it more in-depth 

at the end off the lesson: Evidence suggests that MPAs may increase biodiversity and 

abundance by giving species a safe place to live, grow, and reproduce; however, this success is 

threatened by other activities such as marine debris/pollution. What are some complementary 

solutions that may be enacted to help reduce or eliminate the threat of marine debris to MPAs?

 

Intertidal Zone

     MPAs protect a wide range of ecosystems in Southern California, including kelp forests, 

rocky reefs, sandy shores, and the intertidal zone. This lesson will focus on the unique and fun 

intertidal zone.

     The intertidal zone, the area between the high and low tide lines, is a harsh and  



several times, we are able to get a subset of data, which is (usually) representative 

of the entire population. We can then run statistics on this data to draw 

conclusions about the whole population.

 

Suggested procedure: 

Teacher Prep

1) Divide your class into research groups of about four students each.

2) Create a field kit for each group consisting of:

        -One clipboard

        -One datasheet and pencil (see Appendix)

        -One quadrat (see Appendix; students may assemble)

        -One meter tape (or string with meters marked on it)

 

Student Prep

1) In class, study MPAs, the intertidal zone, abundance estimates, and vertical 

transect surveys. Use the information and activities in Living on the Edge: Field 

Guide to the Intertidal Zone (recommended activity: Tidepool in a Pan).

2) Have students form a hypothesis for the following research question: Is there a 

difference in species abundance inside an MPA compared to outside an MPA?

3) Let students explore field kits. First, assemble the quadrats by attaching each of 

the 0.5m pieces of PVC pipe together using the 90-degree elbows to form a 

square. Go over the rest of the kit in class with students.

4) Take quadrats and meter tape outside to the schoolyard or a local park. Practice 

proper placement of meter tape and quadrats until students are comfortable with 

methodology and instruments (see Conducting Vertical Transects in the Field Trip 

section below).

 

Field Trip (recommended 1.5-2 hours in the field)

Getting Started

1) Check the tide ahead of time to determine which day and time will have an 

acceptable low tide for this project. Negative, outgoing tides are recommended. 

The best tides are in the spring. Tides for La Jolla may be found here:

https://tidesandcurrents.noaa.gov/noaatidepredictions.html?id=9410230
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-Vertical Transect: A fixed 

path (with a start and end 

point) along which one 

counts and records scientific 

data. In this case, one that 

runs perpendicular to the 

water.

-Quadrat: A frame, 

traditionally square, used in 

ecology and geography to 

isolate a standard unit of area 

for study

-Experimental site: The site 

receiving the experimental 

treatment (in our case the 

protection afforded by 

MPAs)

-Control site: The site not 

receiving experimental 

treatment.

-Holdfast: a root-like 

structure that anchors aquatic 

organisms to the substrate. 

Holdfasts vary in shape and 

form depending on the 

species and the type of 

substrate.Substrate: The 

surface or material on or from 

which an organism lives.

-Frequency: The number of 

times something occurs, often 

represented as a percentage.

 

It is important to note that it is nearly impossible to count every single individual of a species at 

any given site. As is typical in science, instead of observing an impossibly large scale, we will 

look at a representative subset and build our hypothesis based on inference. We will do this 

using a method called random sampling. In random sampling, we collect data for a randomly 

chosen subset of the population. It is crucial that the subset be chosen randomly so as to not 

introduce human bias (i.e. sampling the individuals that are biggest, easiest to find, or prettiest, 

as would be tempting to do!).

      One of the methods of random sampling that we often use in the intertidal zone is something 

called a vertical transect. A vertical transect is a line, often marked off by meter tape, that runs 

perpendicular to the water along which we collect samples. We place squares, called quadrats, at 

regular intervals along the transect and count only what is within the quadrat. By repeating this 

 

 

 

 



how you found them.

-Leave animals be. Tidepool organisms have a hard enough life as it is without 

being touched by a bunch of sticky fingers.

-Be careful where you put your fingers. Many animals like sea urchins and crabs 

have defenses against predators.

-Never turn your back on the ocean.... it needs you too much! But seriously, 

watch out for waves and the incoming tide. 

4) Designate a meeting location and end time for the activity. Depending on the 

group, tides, and weather conditions, often about 45 minutes to an hour is 

appropriate for data collection.

5) Split the class into two groups, making sure the student research groups of 2-

4 students are kept together. One group will descend the stairs below the 

parking lot and collect data on the rocks just to the north. This group is the 

Windandsea Beach control group.

6) The other group will head about 10 minutes south and take the stairs down to 

the beach by Palomar Ave. This group will be the South La Jolla State Marine 

Reserve experimental group.

7) Make sure to assign at least one chaperone with each group to ensure best 

practices are met.

 

Conducting Vertical Transects

*These data collection methods are adapted from NOAA’s LiMPETS 

Monitoring Program.

1) Help students set up one transect per group parallel to each other and 

perpendicular to the water by laying meter tape or a string with meters marked 

on it from the highest accessible point in the tidepools to as close to the water as 

is safe. Please be mindful of the tide. This activity is best done on a negative, 

outgoing tide.

2) Center a quadrat directly over the meter tape at even intervals (i.e. every 

three meters) depending on the length of the transect.

3) Record species abundance within the quadrat by counting how many 

individuals of each species on the datasheet are present.

4) Count only live invertebrates and algae that are attached to the substrate as 

well as those attached to sessile organisms within the quadrat (e.g., algae 
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2) Meet at the following location:

Windandsea Beach in La Jolla

Parking lot at the corner of Nautilus Street and Neptune Place

Street parking is also available for free.

Note, this location does not have public restrooms.

 

3) Make sure to cover good tidepooling practices with the students:

-Watch where you step, that might not be a rock!

-Leave things how you found them. If you turn over a rock, put it back exactly how you found 

it.

-Take only pictures. Leave all rocks, plants, animals, and other tidepool creatures exactly 

-Descriptive statistics: 

Mathematical means of 

describing a particular set of 

data.

-Central Tendency: Estimate 

of the “center” of a 

distribution of data. This 

includes mean, median, and 

mode.

-Dispersion: Spread of data 

around the central tendency.

 

California Department of 

Fish and Wildlife Key 

Messages:

-MPAs protect the natural 

diversity and abundance of 

marine life, and the structure, 

function, and integrity of 

marine ecosystems.

-MPAs help sustain, 

conserve, and protect marine 

life populations, including 

those of economic value, and 

rebuild those that are 

depleted.

-MPAs improve recreational, 

educational, and study 

opportunities provided by 

marine 

ecosystems that are subject 

to minimal human 

disturbance, and manage 



(recommended one 50-minute class period)

 

Background information:

     We will be using descriptive statistics to determine whether our data support 

our hypothesis. Descriptive statistics are mathematical means of describing a 

particular set of data (such as we just collected), as opposed to inferential 

statistics, which are used to reach conclusions that extend beyond the immediate 

data set.

     There are three major characteristics that descriptive statistics aim to 

describe:

           

 

     

 

 

 

      

      For this lesson, we will be measuring the distribution of a certain species 

within our transects using a percentage, central tendency using mean (which 

will then be used to calculate density), and the dispersion using the range to 

compare our control and experimental sites. Additionally, we will use the 

mean to determine the density of a certain species within the sample.

 

Suggested procedure:

     Compile data from all of the transects done at each site on the board. For 

example, if you did four transects at Windandsea Beach, the students will 

combine the data from all four of those transects when they do their analysis. 

Each transect is a replicate, or close copy, of the other transects.

 

 

 

5

these uses in a manner 

consistent with protecting 

biodiversity. 

-MPAs protect marine natural 

heritage, including protection 

of representative and unique 

marine life habitats in 

California waters for their 

intrinsic values.

 

Connections:

Art, science, engineering

 

Ocean Literacy Connection:

-The ocean supports a great 

diversity of life and 

ecosystems.

-The ocean and humans are 

inextricably interconnected.

 

Suggested extensions:

-For advanced classes, 

conduct additional data 

analysis looking at the 

difference in abundance 

among the different zones 

within the intertidal.

-Omit the field trip portion 

and substitute with quadrat 

photos in the classroom. 

Create a table with your 

findings and complete Parts 2 

and 3 of this lesson plan.

growing on mussels). For algae, only count it if the holdfast is contained inside the quadrat.

5) When the count for one quadrat is completed, proceed to the next location along the transect. 

Continue until the entire length of the transect has been counted .

6) Students will typically be excited about what they saw and will want time to share with 

others. Once the class regroups, give them time to

share their observations as well as any surprises they experienced, challenges they faced, or 

favorite things they saw.

 

 

PART 2: Data Analysis

-Distribution, or frequency of individual values, often represented as 

a percentage

-Central tendency, or estimate of the “center” of a distribution of data 

(mean, median, and mode are all measures of central tendency)

-Dispersion, or spread of data around the central tendency, often 

represented as the range or standard deviation



 

      Assign each group one species (or more, depending on your time!) on 

which to conduct their analysis. Make sure that whatever species you choose is 

represented and analyzed for both the experimental site (South La Jolla SMR) 

and the control site (Windandsea Beach). For example, if you choose to have 

students from South La Jolla SMR run the calculations for green sea 

anemones, make sure one of the groups from Windandsea Beach also runs 

calculations for green sea anemones so we may compare findings in Part 3.

     Have each group conduct the following analysis using data on only one 

species from one site (experimental OR control) at a time. So, when we are 

talking about combining quadrats, we mean we are combining quadrats from 

either the experimental site or the control site, not both.

 

Calculating Frequency

     When calculating frequency, we want to know how often a certain species 

was found along our transects. This is fairly easy and involves the use of 

presence/absence data and some simple math.

1) Divide the number of quadrats at one site in which your species was present 

by the total number of quadrats. For example, if green sea anemones were 

found in 12 of the 16 quadrats you sampled at Windandsea Beach the 

frequency would be 12/16 = 0.75 = 75%. So the frequency of green sea 

anemones at Windandsea Beach would be 75%!

 

 

 

Calculating Central Tendency 
     There are three ways to calculate central tendency: mean, median, and 

mode. For this activity, we will be using the mean to calculate the density. 

You may choose to have students calculate median and mode as well, then 

hold a discussion about which is most appropriate for this study.

     To calculate the mean, we will use the total number of individuals found in 

each quadrat at a particular site and divide by the total number of quadrats. For 

the purposes of this study, we may combine the data from all quadrats sampled 

at one site regardless of which zone in the intertidal they came from, since we 

are looking at abundance for the entire sampled area. It is important to explain 
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-Instead of calculating 

abundance by hand, have 

students complete 

calculations in Excel.

-Mix and match the six 

lessons and various activities 

in Living on the Edge: Field 

Guide to the Intertidal to 

meet classroom needs.

-Allow students to conduct a 

separate inquiry project 

using the datasets they 

produce.

Frequency (%) = # quadrats in which your species was present   x 100

                     Total number of quadrats
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to the students that sometimes vertical transects are used to compare data between the zones 

within the intertidal (i.e. the abundance of green sea anemones in the spray zone versus the 

high tide zone) - in that case we would only combine quadrats from the same zones. Since 

we are not distinguishing between zones in this study, we do not need to worry about this.

1) To calculate the mean, make a list of how many individuals of a certain species were 

found in each quadrat.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2) Add up the numbers: Example

4 + 6 + 4 + 7 + 9 + 2 + 1 + 2 + 5 + 6 + 7 + 3 + 1 + 8 + 4 + 2 = 71

3) Divide by the number of quadrats:

71/16 = 4.4

4) So, in this example, we found an average of 4.4 green sea anemones per quadrat!

Mean = Total number of individuals of a species found in all quadrats

          Total number of quadrats

Calculating Density

     Now that we have found the mean of our data, it is very easy to 

calculate the density. In fact, you pretty much already have! Density is a 

measure of the average number of individuals of a species per a certain unit 

area. Our quadrats measured 0.5m x 0.5m, or a quarter square meter, which 

is already a unit of area. However, it is simpler and more common to 

communicate our data in terms of square meters. So, let’s do that 

calculation.

 

1) From our calculations above, we concluded that there was an average of 

4.4 green sea anemones per quadrat. Since our quadrats represented 0.25m2, 

how do we calculate how many green sea anemones we found per square 

meter? Multiple our answer by 4!

4.4 x 4 = 17.6 green sea anemones per square meter!

Density (per m2) = Mean x 4
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Calculating Dispersion

     To calculate the dispersion of a species, we will use the range. The range is the difference 

between the highest and the lowest value in a dataset. So, for our data, it is the highest number 

of individuals of a species found within one quadrat minus the lowest number of individuals of a 

species.

     For our example of green sea anemones, the highest amount of green sea anemones found in 

any one quadrat was 9. The lowest found in any one quadrat was 1. So our range is 9 – 1 = 8.

 

 

 

 

Range = Highest number of individuals found in one quadrat –

lowest number of individuals found in one quadrat

PART 3: Drawing Conclusions
(recommended one 50 minute class period)

 

Class Discussion

1) Discuss what the frequency, mean, density, and range each tell us for each site. All of 

these are technically measures of abundance. What are the pros and cons of using each one 

for this particular example?

2) Most likely, if we were presenting this data to others, we would draw conclusions based 

on the density. It is the easiest to compare and probably the easiest for the public to 

understand. Compare the density for each species between the experimental and control sites. 

Did any species have a higher abundance inside the MPA? Did any have a lower abundance 

inside the MPA? [MR1] Did your data support or refute your hypothesis? What conclusions 

can you draw from this data?

3) Do you think your results are accurate? What are some sources of error? What would you 

do differently if you did this project again? What would you suggest for future studies?

4) What natural resources did you observe that may be important to humans? How might 

MPAs protect them? What would happen to the ecosystem if that resource no longer existed? 

What would happen to humans if that resource no longer existed?

 

Activity

     Have each student write a short op-ed article reflecting what he or she did and learned in 

the lesson. Articles should be written for a general audience, i.e. the public, who likely does 

not know much about the intertidal zone, MPAs, or data collection.

     A good article about writing tips for aspiring op-ed writers may be found here: 

https://www.nytimes.com/2017/08/25/opinion/tips-for-aspiring-op-ed-writers.html

Articles should include the following in 3-5 paragraphs:

    1)    At least one picture or drawing related to the activity

    2)    A catchy title

    3)    A hook or first sentence that draws the reader in

    4)    What is an MPA?

    5)    What is the intertidal zone?

    6)    What did you study?

    7)    How did you study it?

    8)    What were your results?
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Engage: Play one of the games or complete one of the activities from Living on the Edge: 

Field Guide to the Intertidal. After reviewing background information, have students 

practice collecting data with the transects in the schoolyard or park.

Explore: Conduct vertical transect surveys at local tidepools.

Explain: Explain abundance and how we measure it.

Elaborate: Have students calculate abundance using frequency, mean, density, and 

range.

Evaluate: Ask the students questions relating to what they have learned (more questions 

may be found in Part 3 of this lesson plan).

Q1: What are the differences between the different measures of abundance?

Q2: Which site had higher abundance? Inside the MPA or out?

Q3: What natural resources are present in the intertidal zone?

Q4: How do MPAs protect those natural resources?

      9)    What were your conclusions?

    10)     Why is your data important? Why should your readers care?

    11)     What can your readers do to help save the coast and ocean?

 

Consider publishing any great articles in the school newspaper, on the school’s social 

media, even in a local newspaper or magazine!
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LS2.A Ecosystems have carrying capacities resulting from biotic and abiotic factors. The 

fundamental tension between resource availability and organism populations affects the 

abundance of species in any given ecosystem.

LS4.D Biodiversity is increased by formation of new species and reduced by extinction. 

Humans depend on biodiversity but also have adverse impacts on it. Sustaining biodiversity is 

essential to supporting life on Earth.

            Science and Engineering Practices
Asking Questions: Ask questions that arise from examining models or a theory to clarify 

and/or seek additional information to determine relationships, including quantitative 

relationships between independent and dependent variables, and/or evaluate questions that 

challenge the premise(s) of an argument, the interpretation of a data set, or the sustainability 

of a design.

Analyzing and Interpreting Data: Analyze data using tools, technologies, and/or models 

(e.g., computational, mathematical) in order to make valid and reliable scientific claims or 

determine an optimal design solution, apply concepts of statistics and probability (including 

determining function fits to data, slope, intercept, and correlation coefficient for linear fits) to 

scientific and engineering questions and problems, using digital tools when feasible. Consider 

limitations of data analysis (e.g., measurement error, sample selection) when analyzing and 

interpreting data, and evaluate the impact of new data on a working explanation and/or model.

Using Mathematics and Computational Thinking: Apply techniques of algebra and 

functions to represent and solve scientific and engineering problems.

Constructing Explanations and Designing Solutions: Make a quantitative and/or qualitative 

claim regarding the relationship between dependent and independent variables. Design, 

evaluate, and/or refine a solution to a complex real-world problem, based on scientific 

knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff 

considerations.

Engaging in Argument from Evidence: Construct, use, and/or present an oral and written 

argument or counter-arguments based on data and evidence and make and defend a claim 

based on evidence about the natural world or the effectiveness of a design solution that 

reflects scientific knowledge.

 

NGSS Alignment

     Crosscutting Concepts
Cause and effect: Mechanism and explanation. Events have causes, sometimes simple, 

sometimes multifaceted. A major activity of science is investigating and explaining causal 

relationships and the mechanisms by which they are mediated. Such mechanisms can then be 

tested across given contexts and used to predict and explain events in new contexts.
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          Online Resources  

              Appendices

La Jolla Tide Charts: https://tidesandcurrents.noaa.gov/noaatidepredictions.html?

id=9410230

NOAA LiMPETS Program: http://limpets.org/rocky-intertidal-monitoring/ri-

methods/vertical-transect/

New York Times “Tips for Aspiring Op-Ed Writers”: 

https://www.nytimes.com/2017/08/25/opinion/tips-for-aspiring-op-ed-writers.html

South Coast Baseline Program Final Report: Rocky Intertidal Ecosystems: 

https://caseagrant.ucsd.edu/sites/default/files/SCMPA-22-Final-Report_wAppendices.pdf

Datasheet on next page



Intertidal Transects Data Sheet
Site:   Control or Experimental                              Date: 

Site Name:                                                            Time:

Group Members:

Transect (T) Quadrat (Q)

T1Q1___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

___________________________________

Species: Species: Species: Species: Species:



Background information:

(recommended one to six 50-minute class periods)

Sandy shores are dynamic habitats, constantly changing due to impacts from the 

ocean, wind, tides and people. One of the most challenging aspects of sandy 

shore conservation is connecting people who live far from the beach with this 

important habitat. In this lesson students will learn about watersheds and how 

all waterways lead to the ocean. Students will participate in a community 

science program collecting data about the impacts of activities upstream, 

including marine debris, to draw conclusions about how they can take steps to 

protect beaches.

 

Marine Protected Areas (MPAs)

     We can think of marine protected areas, or MPAs, as underwater parks. Just 

like we have national, state, and regional parks on land, there are many different 

types of MPAs. Different parks allow different activities - same with MPAs! In 

some of them you can fish, while in others you can’t. Some MPAs allow all 

kinds of activities (fishing, swimming, boating, etc.) while others are much 

stricter. By restricting what people can do and take in these underwater parks, 

we can protect California’s natural resources.

     California has 124 MPAs all along the coast. These MPAs protect many 

different habitats where many different animals live. MPAs give marine 

species a safe place to breed and grow. Animals inside of MPAs may be 

larger than those found outside of MPAs, allowing them to have more 

offspring than smaller animals. Offspring born within MPAs may also have 

access to more food, space, and other resources, allowing offspring to be 

healthier.
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All Waterways Lead to the Ocean
Sandy Shore - Grades 6-8

NGSS: DCI (Disciplinary 

Core Ideas):

MS-ESS2-2.

MS-ESS2-4.

MS-ESS3-3.

MS-ESS3-4.

MS-ETS1-1.

 

Time: Four to nine 50-

minute class periods plus 

one and a half to two hour 

field trip 

 

Materials for the Teacher

-Life in the Sand: Field 

Guide to Sandy Shores

-Plastic, paper, and other 

tiny scraps

-Vegetable oil

-Food coloring

 

 

Learning Objectives
A) Students will explore their place in the watershed and model how activities upstream affect 

sandy shores downstream. Students will participate in a beach cleanup and record community 

science data for the Ocean Conservancy (Part 1).

B) Students will use basic statistics to categorize and analyze how much marine debris they 

find and possible sources of the debris (Part 2).

C) Students will use insight and data from parts 1 and 2 to develop possible complementary 

solutions to protect marine protected areas from marine debris (Part 3).

Part 1: Data Collection



Sandy Shore

     Sandy shores are areas where deposits of sand or other sediments cover the 

shoreline. To beachgoers, sandy shores often appear to be devoid of life, made 

up only of sand, shells, and the occasional piece of driftwood. But in reality, this 

dynamic habitat is home to a diversity of species, each specially adapted for life 

above or below the sand. These organisms must contend with pounding waves, 

changing tides, and constantly shifting sand particles - not to mention people 

who love to visit and develop beaches!

 

Community Science

     Community science (also known as citizen science) involves members of 

the general public (that’s you and me!) collecting data that can then be used in 

scientific research. Anyone can participate in community science. It’s a great 

way for people to help out professional scientists!

     There are many different types of community science. Some involve using 

an app on your phone to take pictures or measurements that are then sent to 

professional scientists. Today, we are going to do a type of community science 

that involves taking notes about what you see.

 

Ocean Conservancy Fighting for Trash Free Seas

From the Ocean Conservancy:

     “Ocean trash affects the health of wildlife, people and local economies. 

Trash in the water and on the shore can be mistaken as food by wildlife, or 

entangle animals with lethal consequences. Plastic also attracts and concentrates 

other pollutants from surrounding seawater, posing a contamination risk to those 

species that then eat it. Scientists are studying the impacts of that contamination 

on fish and shellfish as well as the possible impact it may have on human health 

as well.

     From plankton to whales, animals across ocean ecosystems have been 

contaminated by plastic. Plastic has been found in 59% of sea birds like 

albatross and pelicans, in 100% of sea turtle species, and more than 25% of 

fish sampled from seafood markets around the world.
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Materials for the Students

-Life in the Sand: Field 

Guide to Sandy Shores

Student Edition

-Map of local watersheds

-One paint tray (preferably 

metal and reusable)

-Enough sponges or scraps 

of towel to fill width of paint 

tray

-Monopoly houses (3-10 per 

group usually works well)

-Water

-Natural materials such as 

dirt, rocks, sticks, leaves

-Trash bag or bucket (one 

per group)

-Gloves (two per person)

-Trash pickers (if available)

-Clipboard (one per group)

-Talking Trash data sheet 

(one per group; see 

appendix)

-Pen or pencil

-Poster board or butcher 

paper

-Markers

-Marine Debris Possible 

Solutions activity sheet (see 

appendix)

     MPAs also provide opportunities for people to see beautiful, protected ocean spaces through 

snorkeling, scuba diving, swimming, kayaking etc. Sometimes, people don’t know that they are 

in an MPA and accidentally do something they aren’t supposed to do. That’s why it is 

important to understand what MPAs are, why we have them, and where they are - so you know 

if you are in one!

     Also, have students start to think about the following now. We will discuss it more in-depth 

at the end off the lesson: Evidence suggests that MPAs may increase biodiversity and 

abundance by giving species a safe place to live, grow, and reproduce; however, this success is 

threatened by other activities such as marine debris/pollution. What are some complementary 

solutions that may be enacted to help reduce or eliminate the threat of marine debris to MPAs?



community science program to collect marine debris from a local beach, analyze 

what they find, and explore the impact on local ecosystems and wildlife.

Our Place in the Watershed

     Most people, including most or all of your students depending on your school, 

live far upstream from a sandy shore. Far too often there is a disconnect between 

what one does upstream and the impact it has in the ocean. This lesson will 

explore the idea that all watersheds lead to the ocean and create a connection 

between students, wherever they may be in the watershed, and the beach.

 

Watersheds in San Diego

      San Diego County is home to eleven westward draining watersheds (see map 

in appendix for full list). Most of these empty to the ocean adjacent to a sandy 

shore. Three San Diego County watersheds end in an MPA:

-Carlsbad Watershed: Swami’s State Marine Conservation Area (Cardiff State 

Beach)

-Peñasquitos: Matlahuayl State Marine Reserve (La Jolla Shores)

-Tijuana Watershed: Tijuana River Mouth State Marine Conservation Area

 

Activity: Map Your Watershed

1) Pull up a map of your local watershed.

2) Have students identify where their school is located within the watershed.

3) Have students identify the parts of their watershed: the main stem, tributaries, 

headwaters, and mouth (make sure to point out any sandy shores located around 

the mouth).

         a.     Main stem: the major river all the water drains into

         b.     Tributaries: smaller rivers that flow into a larger river

         c.     Headwaters: the beginning of the river

         d.     Mouth: where it empties into the ocean, often surrounded by sandy 

shores (beaches)

4) Ask students: Is our school located in the headwaters, along the main stem, 

along a tributary, at the mouth?

5) Have students identify the main human communities (i.e. cities) in the 

watershed.

6) Have students identify any MPAs within your watershed or into which 3

Vocabulary

-Marine Protected Area 

(MPA): MPAs are areas in or 

near the ocean made to 

protect or conserve marine 

life and habitat, safeguard 

cultural sites, and provide 

enhanced recreational 

opportunities.

-Take: To hunt, pursue, 

catch, capture, or kill, or 

attempt to hunt, pursue, 

catch, capture, or kill any 

natural resources.

-Community (or citizen) 

Science: The collection 

and/or analysis of scientific 

data by everyday people.

-Marine Debris: Human-

created waste that has 

deliberately or accidentally 

been released in a lake, sea, 

ocean, or waterway.

-Watershed: An area of land 

that channels rainfall and 

snowmelt to creeks, streams, 

and rivers, and eventually to 

outflow points such as 

reservoirs, bays, and the 

ocean.

-Main stem (watershed): the 

major river all the water 

drains into.

 

Marine debris isn’t an ocean problem—it’s a people problem. That means people are the 

solution. Ocean Conservancy is committed to keeping our beaches and ocean trash free. For 

more than 30 years we have organized the International Coastal Cleanup, where nearly 12 

million volunteers from 153 countries have worked together to collect more than 220 million 

pounds of trash. And we’re not the only ones who care about ocean trash: Every day, all over 

the world, concerned people take the problem into their own hands by cleaning up their local 

waterways.

     Tackling the problem of plastic in the ocean begins on land. Reduction in plastics use, 

especially of single-use disposable products, and the collection and recycling of plastics in 

developing countries can help to reduce the amount of plastic waste that enters the ocean.”For 

this activity students will be participating in the Ocean Conservancy’s Trash Frees Seas  



 where students may dig in the dirt. The Carlsbad Watershed will be used in the 

example below.

 

9) Divide students into research teams of approximately four people. They will 

stay in these teams for the remainder of the lesson.

10) Each group will need:

          a. One paint tray (preferably metal and reusable)

          b. Enough sponges or scraps of towel to fill width of paint tray

          c. Monopoly houses (3-10 per group usually works well)

          d. Water

          e. Natural materials such as dirt, rocks, sticks, leaves

          f. Plastic, paper, and other tiny scraps to simulate litter

          g. Vegetable oil to simulate motor oil

          h. Food coloring to represent other pollution

11) In the classroom explain the following:

          a. Each research group will be building a model of their watershed. The 

model should be of the watershed which includes the sandy beach where you 

will do your clean up.

          b. The deep end of the paint tray, where the paint would normally go, 

represents the MPA. For the Carlsbad Watershed this would represent Swami’s 

State Marine Reserve.

          c. The sponges or scraps of towel will be used to separate the paint well 

(the MPA) from the rest of the tray. This represents the wetland separating the 

rest of the watershed from the ocean. In the Carlsbad Watershed this is the San 

Elijo Lagoon State Marine Conservation Area (also an MPA!).

          d. Once outside students will use natural materials (i.e. dirt, rocks, sticks, 

leaves) to fill in the remaining part of their paint tray. Students must also place 

at least three houses in their watershed. They may place more if desired.

Have each research team discuss a strategy and draw out a plan before leaving 

the classroom

12) Take students into the field. Give them boundaries and instructions on 

which plants not to pick and then tell them to begin building their watersheds. 

This typically takes about 20 minutes for the first round.

13) Once teams finish building their watershed models call them all 
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your watershed empties.

7) If your school is not located in the same watershed where you will be holding your cleanup, 

also have students map that watershed and make sure to identify the beach where you will be.

8) Ask students to think about the following questions: How might people affect the ecosystems 

and wildlife within the watershed? Sandy shores tend to accumulate trash more so than some 

other parts of the watershed – why might this be? 

 

Activity: Watershed in a Pan

In this activity students will use science and engineering to design and construct a watershed 

model that effectively protects human communities while reducing pollution of the watershed 

and marine protected areas downstream. It is recommended that this activity take place outside 

 

- Tributaries (watershed): 

smaller rivers that flow into 

a larger river.

- Headwaters (watershed): 

the beginning of the river.

- Mouth (watershed): where 

it empties into the ocean, 

often surrounded by sandy 

shores (beaches).

 

California Department of 

Fish and Wildlife Key 

Messages:

-MPAs protect the natural 

diversity and abundance of 

marine life, and the 

structure, function, and 

integrity of marine 

ecosystems.

-MPAs help sustain, 

conserve, and protect 

marine life populations, 

including those of 

economic value, and 

rebuild those that are 

depleted.

-MPAs improve 

recreational, educational, 

and study opportunities 

provided by marine 

ecosystems that are subject 

to minimal human 

disturbance, and manage 



d. Make it rain! Using a watering can (or bottles of water) pour water along the 

topmost part

of the watershed model. Pour in just enough that the water saturates the soil 

and runs through the watershed, but not enough to completely submerge 

everything in the model.

e. Have students evaluate how their model did. Did all the houses survive? 

Did any of the pollution make it to the wetland? The ocean? Where did each 

type of pollution accumulate? Did what happened upstream impact the sandy 

shore? How so? Did what happened upstream impact the MPA(s)? How so?

 

Suggested procedure: 
Teacher Prep

1) Read pages 26-29 of Ocean Conservancy and NOAA Marine Debris’ Talking 

Trash and Taking Action Instructor’s Guide.

2) Gather clean up materials

         a. Trash bag or bucket (one per group)

         b. Gloves (two per person)

         c. Trash pickers (if available)

         d. Clipboard (one per group)

         e. Talking Trash data sheet (one per group)

         f.  Pen or pencil

3) It is recommended that you visit the site ahead of time to determine meeting 

locations, boundaries, and meet with lifeguards to discuss clean up plan if 

possible.

 

Student Prep

1) In class go over MPAs,….to be filled in from field guide once it’s done

 

Field Trip (recommended 1.5-2 hours in the field)

1) This activity could take place at any beach open to the public. We 

recommend Cardiff State Beach within the Swami’s State Marine Conservation 

Area.

2) For this activity students will be working in their small research teams from 

the previous activity.
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these uses in a manner 

consistent with protecting 

biodiversity. 

-MPAs protect marine natural 

heritage, including protection 

of representative and unique 

marine life habitats in 

California waters for their 

intrinsic values.

 

Connections:

Art, science, engineering

 

Ocean Literacy Connection:

-The ocean supports a great 

diversity of life and 

ecosystems.

-The ocean and humans are 

inextricably interconnected.

 

Suggested extensions:

-Omit the field trip portion 

and substitute a clean up of a 

more local waterway (i.e. 

riverbank, lake or reservoir) 

or even a cleanup in your own 

schoolyard. If doing a cleanup 

in the schoolyard note 

proximity to any drains

together and complete the following:

         a. Fill the paint well with enough water to get the sponges/towels just a little wet. Remind 

them that this represents the wetland and MPA.

         b. Ask students if humans put anything in to the environment. If so, what? (Common 

answers, trash/litter, pollution, etc.)

         c. Tell students you will be representing pollution using scraps of paper and plastic for 

litter, vegetable oil for motor oil, and food dye for other pollution. Have students sprinkle the 

paper and plastic scraps around the houses. Pour about one capful of vegetable oil around the 

houses. Place five drops of food dye in front of each house. Note: you can add more types of 

pollution if you wish. Examples include chocolate sprinkles for dog poop, coffee grounds for 

top soil, etc.

 



         b. Gloves (two per person)

         c. Trash pickers (if available)

         d. Clipboard (one per group)

         e. Talking Trash data sheet (one per group)

         f.  Pen or pencil

5) Take a before photo of your group and the beach!

6) Give students instructions for clean up

         a. Follow all safety instructions

         b. Pick up any trash and debris, record it on the data sheet (instruct 

students to use tick marks, words like “lots” and “many” are not useful for 

analysis), and put it in the bag (make sure to wear gloves whenever handling 

trash!)

         c. Take pictures of interesting finds!

         d. Record any animals you see on the back of the datasheet. Note if they 

are interacting with the marine debris in any way.

         e. Return full bags to the meeting spot.

         f. At the designated stop time collect all bags and weigh them if possible. 

Fish scales work well for this, if you do not have a fish scale assume 15lb per 

standard trash bag.

         g. Collect all data sheets. Make sure students record how many people 

worked on each sheet.

         h. Take an after picture with students, all their trash, and the clean beach!

         i. E-mail completed data sheets to cleanup@oceanconservancy.org

 

More instructions and tips may be found on pages 26-29 of Ocean 

Conservancy and NOAA Marine Debris’ Talking Trash and Taking Action 

Instructor’s Guide.

 
Supplemental resources for Talking Trash and Taking Action may be 

found at: https://oceanconservancy.org/trash-free-seas/outreach-

education/
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and discuss where drains go. 

Data analysis may be done 

of the data students collect, 

just make sure to tie it in to 

the sandy shore by asking 

questions such as “If we had 

not picked this up, where 

might it have ended up?” “Is 

it possible that the items you 

found would have ü ended 

up at the beach?”

-Have students collect trash 

from two sites (i.e. near river 

mouth away from river 

mouth, high tide line vs 

water’s edge, etc.) and 

compare quantity and origin 

of trash between sites.

-Create an Excel file with 

your findings and complete 

Parts 2 and 3 of this lesson 

plan on a computer.

-Mix and match the six 

lessons and various activities 

in Life in the Sand: Field 

Guide to Sandy Shores to 

meet classroom needs.

-Allow students to conduct a 

separate inquiry project 

using the datasets they 

produce.

3) Go over safety items:         

         a. Boundaries

         b. Meeting spot for emergencies (make sure to leave a chaperone at the meeting spot at all 

times) and at end of project

         c.  End time

         d. Stay in groups

         e. Wear gloves

         f. Do not touch sharp or hazardous material; alert adult of dangerous item(s)

         g. Always watch the tide

4) Give each team:

         a. Trash bag or bucket (one per group)

 



 

(recommended two 50-minute class periods)

 

Categories of Trash

1) Compile data from all sheets to create a master list of debris found.

2) In small groups have students go over the data and look for ways to categorize where the 

trash likely came from. For example, beach/shoreline recreation, ocean/waterway activities, 

smoking-related activities, etc.

3) Come back together as a class and write the students’ suggestions on the board. Look for 

commonalities and discuss to decide on a master list of categories. Any items that do not fit into 

a logical category may be placed in a category called “Other.”

4) Next, have students calculate the percentage of trash that came from each of the categories 

upon which the group decided. Create a pie chart of this data.

 

Mean, Median, and Mode

1) Now that we know which proportion of trash is coming from where, it is helpful to know 

how much trash each category accounts for. We figure this out by calculating the mean, median, 

and mode for each of the categories.

2) Teacher’s choice: Have students calculate the mean, median, and mode for how many pieces 

of trash were found for each category. You could have each research team do this for their own 

datasheet or have the class do it together off the master list of debris.

3) Ask students which is more important: the number of items found, the type of debris (i.e. 

plastic, paper, Styrofoam, etc), the weight?

4) As a fun addition, students may look up the approximate weight of each item to calculate 

how many pounds they found for each category.

 

 

 

(recommended one to two 50-minute class periods; adapted from 5Gyres Institute Plastic Site 

Sampling Curriculum)

 

Class Discussion

Have each research group discuss the following:

1) What do your findings tell us?

a. How did these items get here?

b. Why were they made and what will happen to them?

c. What are potential sources for the items that you found?

d. Were the items found from packaging and do you think this packaging was necessary?

e. What other questions, thoughts, or ideas come up for you?

2) What story do your findings tell? Draw your story on butcher paper and share with the class.

3) What organisms did you observe during your clean up? What were their adaptations for 

living at a sandy shore?

4) Evidence suggests that MPAs may increase biodiversity and abundance by giving species a 

safe place to live, grow, and reproduce; however, this
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PART 2: Data Analysis

PART 3: Drawing Conclusions
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success is threatened by other activities such as marine debris. What are some complementary 

solutions that may be enacted to help reduce or eliminate the threat of marine debris/pollution to 

MPAs?

 

Activity

Distribute a copy of the Protecting Sandy Shores Solutions Worksheet (see appendix) to each 

student. Have them evaluate how feasible and effective each of the solutions are for protecting 

sandy shores, especially those in marine protected areas, from pollution. Consider factors such 

as how well the solution helps prevent the problem, human behavior changes needed, and 

monetary costs. After evaluating the benefits and the challenges rank the following solutions 

from least to most effective (8 = least effective and 1 = most effective). You may add solutions 

if you wish. Be prepared to share your ranking with your class.

 

 

 

 

 

 

2

Engage: Map your watershed and build a model before heading out into the field.

Explore: Conduct a beach clean up at a local sandy shore.

Explain: Explain possible sources of trash and how we use math to categorize it.

Elaborate: Have students calculate the proportions and averages of where the trash 

came from.

Evaluate: Ask the students questions relating to what they have learned (more questions 

may be found in Part 3 of this lesson plan).

Q1: What do your finding tell us?

Q2: What story/stories do your findings tell?

Q3: What organisms did you find at the sandy shore? What were some of their 

adaptations for living there?

Q4: What are some complementary solutions that may be enacted to help protect MPAs 

from marine debris/trash?

8
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MS-ESS2-2. Construct an explanation based on evidence for how geoscience processes have 

changed Earth's surface at varying times and spatial scales.

MS-ESS2-4. Develop a model to describe the cycling of water through Earth's systems driven 

by energy from the sun and the force of gravity.

MS-ESS3-3. Apply scientific principles to design a method for monitoring and minimizing 

human impact on the environment.

MS-ESS3-4. Construct an argument supported by evidence for how increases in human 

population and per-capita consumption of natural resources impact Earth's systems.

MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient precision 

to ensure a successful solution, taking into account relevant scientific principles and potential 

impacts on people and the natural environment that may limit possible solutions.

            Science and Engineering Practices
Asking Questions: Ask questions that arise from examining models or a theory to clarify 

and/or seek additional information to determine relationships, including quantitative 

relationships between independent and dependent variables, and/or evaluate questions that 

challenge the premise(s) of an argument, the interpretation of a data set, or the sustainability of 

a design.

Analyzing and Interpreting Data: Analyze data using tools, technologies, and/or models 

(e.g., computational, mathematical) in order to make valid and reliable scientific claims or 

determine an optimal design solution, apply concepts of statistics and probability (including 

determining function fits to data, slope, intercept, and correlation coefficient for linear fits) to 

scientific and engineering questions and problems, using digital tools when feasible. Consider 

limitations of data analysis (e.g., measurement error, sample selection) when analyzing and 

interpreting data, and evaluate the impact of new data on a working explanation and/or model.

Using Mathematics and Computational Thinking: Apply techniques of algebra and 

functions to represent and solve scientific and engineering problems.

Constructing Explanations and Designing Solutions: Make a quantitative and/or qualitative 

claim regarding the relationship between dependent and independent variables. Design, 

evaluate, and/or refine a solution to a complex real-world problem, based on scientific 

knowledge, student-generated sources of evidence, prioritized criteria, and tradeoff 

considerations.

 Engaging in Argument from Evidence: Construct, use, and/or present an oral and written 

argument or counter-arguments based on data and evidence and make and defend a claim 

based on evidence about the natural world or the effectiveness of a design solution that 

reflects scientific knowledge.

NGSS Alignment

     Crosscutting Concepts
Systems and system models: Defining the system under study—specifying its boundaries and 

making explicit a model of that system—provides tools for understanding and testing ideas that 

are applicable throughout science and engineering. 

Energy and matter: Flows, cycles, and conservation. Tracking fluxes of energy and matter 

into, out of, and within systems helps one understand the systems’ possibilities and limitations.
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          Online Resources  

              Appendices

Watersheds of San Diego County:

https://www.sandiegocounty.gov/content/sdc/dpw/watersheds/Watersheds.html

Supplemental resources for Talking Trash and Taking Action may be found at: 

https://oceanconservancy.org/trash-free-seas/outreach-education/

See next page



Dear Marine Debris Explorers, 

Site Name:

Nearest Crossroad or Landmark:

County:

State:

Country:

Miles Cleaned (check one):

Site Type (check one of the boxes):

Inland (no water) Freshwater (river, lake) Saltwater (beach, estuary)

Senior Scientists (Adults)

 Cleanup Site Information:

Talking Trash & Taking Action
Cleanup Data Form

Number of Scientists Working on This Card:

Scientists (Youth)

Today you are a scientist! As a scientist, collecting data is very important. Data help answer questions, 
develop solutions and inform future actions. The data you collect today will not only tell a story of what items 
you are finding locally. They will also be compiled with data from around the world to create a global picture 
of the marine debris problem.

Here's how to collect great data:

Working in pairs or small 
groups makes collecting 
data safe and simple; 
switch off collecting trash 
and recording data. 

Each group needs a data 
form and pen/pencil 
before heading out to 
cleanup 

Make tick marks next to the 
corresponding items as trash is 
collected. Words like "lots" 

tick marks at the end of the 
Cleanup 

Fill out the local information 
below: Where are you? How 
many scientists joined you? 
How far did you go? How 
much do your finds weigh?  

1/4 1/2 3/4 1 Other: 
Total Weight of Trash Collected: 

lbs. 



Cigarette Butts:
=

Beverage Bottles (Plastic)
=

Food Wrappers (candy, chips, etc.):
=

Beverage Bottles (Glass):
=

Take Out/Away Containers (Plastic):
=

Beverage Cans:
=

Take Out/Away Containers (Foam):
=

Grocery Bags (Plastic):
=

Bottle Caps (Plastic):
=

Other Plastic Bags:
=

Bottle Caps (Metal):
=

Paper Bags:
=

Lids (Plastic):
=

Cups & Plates (Paper):
=

Straws/Stirrers:
=

Cups & Plates (Plastic):
=

Forks, Knives, Spoons:
=

Cups & Plates (Foam):
=

FISHING GEAR: PACKAGING MATERIALS:
Fishing Line (1 yard/meter = 1 piece):

=
Other Plastic/Foam Packaging:

=

Rope (1 yard/meter = 1 piece):
=

Other Plastic Bottles (milk, bleach, etc.):
=

OTHER TRASH: CRAZY FINDS:
Balloons:

=

Clothing & Towels:
=

Toys:
=

=

=

=

                           Foam Pieces

                          Glass Pieces

                          Plastic Pieces

Talking Trash & Taking Action
Cleanup Data Form

MOST LIKELY TO FIND ITEMS:

TINY TRASH LESS THAN 2.5CM:

Crazy Item 1:                                                                                                                                                     

Crazy Item 3:                                                                                                                                                   

Crazy Item 2:                                                                                                                                                   



Protecting Sandy Shores Solutions Worksheet 
Evaluate how feasible and effective each of the solutions are for protecting sandy shores, especially 
those in marine protected areas, from pollution. Consider factors such as how well the solution helps 
prevent the problem, human behavior changes needed, and monetary costs. After evaluating the 
benefits and the challenges rank the following solutions from least to most effective (8 = least effective 
and 1 = most effective). You may add solutions if you wish. 

 

Solution Benefits Challenges Ranking 

Trash Clean Ups 

   

Recycling 

   

Circular Economy  

How can products be 

produced with their end-of-

life in mind? (Designing 

products so they can be 

infinitely reused, with little 

or no waste created) 

   

Incineration 

Burning trash. 

   

Extended Producer 

Responsibility 

Making the manufacturers 

of products responsible for 

the waste created by them 

(i.e. producer needs to have 

a plan for how to dispose of 

or re-use a product before 

creating it). 

   

Bioplastics 

A type of biodegradable 

plastic made from plants 

and/or microorganisms 

rather than from petroleum 

(often difficult to compost 

or recycle). 

   

Grassroots movements 

Community members or 

school groups raising 

awareness and impacting 

policy changes. 

   

Policy Change 

Enacting policies at the 

local, state, or federal level. 

   

 
 



Background information:

(recommended one to six 50-minute class periods)

See Living on the Edge: Field Guide to the Intertidal Zone for more 

background information and classroom activities that may accompany this 

lesson. It is recommended you take one 50-minute class period to cover each 

of the six topics covered in the field guide: The Intertidal Zone, Adaptations, 

Tidepools, Tides, Marine Protected Areas, and Taxonomy/ID.

 

Marine Protected Areas (MPAs)

     We can think of marine protected areas, or MPAs, as underwater parks. 

Just like we have national, state, and regional parks on land, there are many 

different types of MPAs. Different parks allow different activities - same with 

MPAs! In some of them you can fish, while in others you can’t. Some MPAs 

allow all kinds of activities (fishing, swimming, boating, etc.) while others are 

much stricter. By restricting what people can do and take in these underwater 

parks, we can protect California’s natural resources.

     California has 124 MPAs all along the coast. These MPAs protect many 

different habitats where many different animals live. MPAs give marine 

species a safe place to breed and grow. Animals inside of MPAs may be 

larger than those found outside of MPAs, allowing them to have more 

offspring than smaller animals. Offspring born within MPAs may also have 

access to more food, space, and ecological resources.

      MPAs also provide opportunities for people to see beautiful, protected ocean 

spaces through snorkeling, scuba diving, swimming, kayaking etc. Sometimes, 

people don’t know that they are in an MPA and accidentally do something they 

aren’t supposed to do. That’s why it is important to understand what MPAs are, 

why we have them, and where they are - so you know if you are in one!
1

Intertidal Bioblitz
Rocky Intertidal  - Grades 9-12

NGSS: DCI (Disciplinary 

Core Ideas):

LS2.A

LS4.D

 
Time: Four to nine 50-

minute class periods plus one 

and a half to two hour field 

trip 

 
Materials for the Teacher

-Living on the Edge: Field 

Guide to the Intertidal 

 

Materials for the Students

-Cell phone with iNaturalist 

app (per 2-4 students)

-Computer with Excel (per 

2-4 students)

 

Learning Objectives
A) Students will use the iNaturalist app to observe and record intertidal species at sites inside 

and outside of the South La Jolla State Marine Reserve [MR1] (Part 1.)

B) Students will use species richness and Simpson’s Index to calculate the diversity present at 

the two study sites (Part 2.)

C) Students will compare diversity inside and outside of the MPA to draw conclusions about 

MPA impact on biodiversity (Part 3.)

 [MR1]Why just at La Jolla?  Can you make it more general to MPAs across the state so 

students in other areas can use the curriculum too?

Part 1: Data Collection



unforgiving habitat. The highly adapted species that live there are subject to the 

rigors of both the land and the sea, going from being completely submerged to 

only occasionally wet within just a few feet. Organisms that inhabit the 

intertidal zone must endure extreme fluctuations in moisture level, temperature, 

salinity, and sunlight. Those that are able to do so make up a robust assortment 

of biologically diverse organisms with specialized adaptations. Visiting these 

creatures in the space between land and sea is truly an adventure!

      MPAs limit or prohibit which intertidal organisms humans may take. This 

reduces stress on intertidal organisms and safeguards marine resources within 

this dynamic environment.

 

iNaturalist Bioblitz

     A “bioblitz” is a community science effort to record as many species within 

a designated location and time period as possible. Public participation is what 

separates bioblitzes from traditional biological inventories.

     Bioblitzes are a way for us to measure biodiversity. The Greek root “bio” 

means life. That means that “biodiversity” is the diversity of life.

We live on a planet full of many different kinds of life - animals, plants, fungi, 

bacteria, and some things that are so weird that we hardly know what to call 

them. Scientists classify living things into different groups, with the smallest 

unit of classification being the species. Nobody really knows how many species 

exist on Earth because we haven’t found them all - not even close! Some 

scientists think there could be a million species living just in the ocean.

       Living organisms (biotic factors) interact with the non-living things 

(abiotic factors) around them - examples would be water, sunlight, wind, etc. 

We call a community of living organisms and their nonliving physical 

environment an ecosystem. Examples of ocean ecosystems here in California 

are kelp forests, sandy beaches, rocky shores (and tidepools), and the open 

ocean.

       When scientists talk about biodiversity, they usually are referring to the 

diversity of both species and ecosystems.

       For this activity, we will compare biodiversity between a control site 

(Windandsea Beach) and an experimental site (South La Jolla State Marine 

Reserve) to explore whether there is a difference in biodiversity inside versus 

outside of an MPA. 2

 

Vocabulary

-Marine Protected Area 

(MPA): MPAs are areas in or 

near the ocean made to 

protect or conserve marine 

life and habitat, safeguard 

cultural sites, and provide 

enhanced recreational 

opportunities.

-Take: To hunt, pursue, catch, 

capture, or kill, or attempt to 

hunt, pursue, catch, capture, 

or kill any natural resources.

-Natural Resource: Materials 

or substances such as 

minerals, forests, water, or 

animals that are found in 

nature and are valuable to 

humans.

-Intertidal Zone: The area of 

land in between the high and 

low tidelines.

-Community (or citizen) 

Science: The collection and/or 

analysis of scientific data by 

everyday people.

-iNaturalist: A community 

science project and online 

social network of naturalists, 

citizen scientists, and 

biologists built on the 

      Also, have students start to think about the following now. We will discuss it more in-depth 

at the end off the lesson: Evidence suggests that MPAs may increase biodiversity and 

abundance by giving species a safe place to live, grow, and reproduce; however, this success is 

threatened by other activities such as marine debris/pollution. What are some complementary 

solutions that may be enacted to help reduce or eliminate the threat of marine debris to MPAs?

 

Intertidal Zone

     MPAs protect a wide range of ecosystems across California, including kelp forests, sandy 

shores, rocky reefs, and the intertidal zone. This lesson will focus on the unique and fun 

intertidal zone.

     The intertidal zone, the area between the high and low tide lines, is a harsh and 



For Experimental Site (South La Jolla State Marine Reserve)

1) Log in to your account. From your dashboard select “Projects” in the 

upper right-hand corner.

2) Select “Start a Project”

3) Select “Collection Projects”

4) Fill in Project Name and Summary using class information.

5) Upload whatever pictures you want the students to see under Project Icon 

and Project Banner.

6) Project Type = Collection

7) Places = South La Jolla State Marine Reserve

8) Date Observed = Range (enter date, start time and end time of your 

project)

9) Admin(s) = You are automatically an admin. You can add the usernames 

of any other teachers who need access.

 

For Control Site (Windandsea Beach)

Follow steps above, except give it a different name and for step 7 enter 

“Windandsea Beach”

 
Student Prep

1) In class, cover MPAs, the intertidal zone, bioblitzes, and biodiversity. Use 

the information and activities in Living on the Edge: Field Guide to the 

Intertidal Zone. Have students form a hypothesis in response to the following 

research question: Is there a difference in biodiversity inside an MPA 

compared to outside an MPA?

2) Break students into research groups of 2-4. Each group will need at least 

one cell phone.

3) Pass out the iNaturalist guide (available in Living on the Edge: Field 

Guide to the Intertidal).

4) Have students download the iNaturalist app onto their cell phones.

5) Have students create personal iNaturalist accounts (students must be at least 

13 years old to complete this step.)
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Suggested procedure: 
Teacher Prep

Create an Account on iNaturalist

Log on to www.inaturalist.org and click on “Sign Up” in the upper right-hand corner. Follow 

website prompts.

 
Create a Project

*Note: In order to do comparative data analysis between the experimental site (South La Jolla 

State Marine Reserve) and control site (Windandsea Beach) you will need to create two 

projects: one for each site.  

concept of mapping and 

sharing observations of 

biodiversity across the globe. 

iNaturalist may be accessed 

via its website or from its 

mobile applications.

-Bioblitz: A community 

science effort to record as 

many species within a 

designated location and time 

period as possible.

-Biodiversity: The variety of 

life on Earth.

-Biotic Factor: The living 

things in an ecosystem.

-Abiotic Factor: The non-

living things in an ecosystem.

-Experimental site: The site 

receiving the experimental 

treatment (in our case the 

protection afforded by MPAs)

-Control site: The site not 

receiving experimental 

treatment

 

California Department of 

Fish and Wildlife Key 

Messages:

-MPAs protect the natural 

diversity and abundance of 

marine life, and the structure, 

function, and integrity of 

marine ecosystems.



 7) Have students join your project by clicking More > Projects and 

searching for your project name.

 

Tip: Have students practice taking good photos using iNaturalist’s Seek app. 

This is a separate app students may download that will allow them to take 

photos and identify organisms without actually submitting photos to iNaturalist.

atershed models call them all 

 

Field Trip (recommended 1.5-2 hours in the field)

1) Check the tide to determine which day and time will have an acceptable low 

tide for this project. Negative, outgoing tides are best, although tides under ~1 

foot often work as well. The best tides are in the spring. Tides for La Jolla may 

be found here:

https://tidesandcurrents.noaa.gov/noaatidepredictions.html?id=9410230

2) Before you go, distribute copies of the bioblitz pages from Living on the 

Edge: Field Guide to the Intertidal to each student. These pages include a two-

sided guide and worksheet with the research question, project name, and a map 

of where to meet in case they drive separately.

3) Meet at the following location:

            Windandsea Beach in La Jolla

            Parking lot at the corner of Nautilus Street and Neptune Place

            Street parking is also available for free.

            Note, this location does not have public restrooms.

4) Make sure to cover good tidepooling practices with the students:

      -Watch where you step, that might not be a rock!

      -Leave things how you found them. If you turn over a rock, put it back 

exactly how you found it.

      -Take only pictures. Leave all rocks, plants, animals, and other tidepool 

creatures exactly how you found them.

      -Leave animals be. Tidepool organisms have a hard enough life as it is 

without being touched by a bunch of sticky fingers.

      -Be careful where you put your fingers. Many animals like sea urchins and 

crabs have defenses against predators.

      -Never turn your back on the ocean.... it needs you too much! But seriously, 

watch out for waves and the incoming tide.

 
4

      i. Open the iNaturalist app.

      ii. Click on Log in with Facebook or Google (preferred) or “Sign up now!” if student does 

not have a Facebook or Google account.

     iii. Make sure to click “Yes, license my content so scientists can use my data.”

     iv. Follow prompts to sign up and log in.

 

6) Go over how to make useful observations:

     i. Take identifiable photos: fill the frame with your subject and make sure the picture is in 

focus

     ii. Take multiple photos

      iii. Focus on wild organisms

 

-MPAs help sustain, 

conserve, and protect marine 

life populations, including 

those of economic value, and 

rebuild those that are 

depleted.

-MPAs improve recreational, 

educational, and study 

opportunities provided by 

marine 

ecosystems that are subject to 

minimal human disturbance, 

and manage 

these uses in a manner 

consistent with protecting 

biodiversity.

-MPAs protect marine 

natural heritage, including 

protection of representative 

and unique marine life 

habitats in California waters 

for their intrinsic values.

 

Connections:

Art, science, engineering

 

Ocean Literacy Connection:

-The ocean supports a great 

diversity of life and 

ecosystems.

-The ocean and humans are 

inextricably interconnected.



during the designated time period. Observations will be automatically added to 

the appropriate project.

10) Students will typically be excited about what they saw and will want time to 

share with others. Once the class regroups, give them time to share their 

observations as well as any surprises they experienced, challenges they faced, or 

favorite things they saw.

 

 

 

(recommended two 50 minute class periods: one to cover background and 

species richness, one to cover Simpson’s index)

Background information:

Measuring Biodiversity

     A biodiversity index is a way of measuring biodiversity. Scientists use 

different biodiversity indices to measure diversity, and no single one will 

always be appropriate for the question being posed. In fact, for some 

conservation questions, more than one measure may have to be used.

     There are two basic indices commonly used to measure biodiversity:

            Species Richness

            -The total number of species in an area

            Species Evenness

            -How evenly the species are represented in the area.

     Species richness is the most commonly used type of biodiversity index 

because it is easy to calculate (the number of species reported in iNaturalist is 

the species richness for the site!), most people tend to understand what a 

species is, and it can be used to directly compare two sites (whichever site has 

the highest number is more diverse).

       Many diversity indices have been developed that combine different 

measures of biodiversity. One is called the Simpson’s Index. The Simpson’s 

Index includes both species richness and species evenness in a single number.

 

                             D = ∑ n(n - 1)

                                 N(N-1)
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Suggested extensions:

-Omit the field trip portion and 

substitute with a mock bioblitz 

in the classroom. Team up 

with another teacher and 

designate one classroom as the 

MPA and one classroom as the 

control. Hide organism cards 

throughout the classrooms and 

allow students to search and 

record what they find. Create 

an Excel file with your 

findings or use included 

datasets and complete Parts 2 

and 3 of this lesson plan.

-Omit field trip and do a 

bioblitz in the schoolyard. Use 

included datasets to complete 

Parts 2 and 3. 

-For students with higher math 

levels: have them calculate 

biodiversity using the Shannon 

Index.

-Instead of calculating 

biodiversity in Excel students 

may do the math by hand.

- Mix and match the six 

lessons and various activities 

in Living on the Edge: Field 

Guide to the Intertidal to meet 

classroom needs. 

5) Designate a meeting location and end time for the activity. Depending on the group, tides, 

and weather conditions, often about 45 minutes to an hour is appropriate for data collection.

6) Split the class into two groups, making sure the student research groups of 2-4 students are 

kept together. One group will descend the stairs below the parking lot and tidepool on the rocks 

just to the north. This group is the Windandsea Beach control group.

7) The other group will head about 10 minutes south and take the stairs down to the beach by 

Palomar Ave. This group will be the South La Jolla State Marine Reserve experimental group.

8) Make sure to assign at least one chaperone with each group to ensure best practices are met.

Once at the site, give students boundaries and remind them to stay

9) Once at the site, give students boundaries and remind them to stay together. Let student 

groups explore and make and record as many observations as possible within the iNaturalist app 

 

PART 2: Data Analysis



corner. You should not need to change anything in the query. Scroll to the 

bottom and select “Create Export.” This process will take a minute or two and 

then a green dialogue box should appear at the top of the page with a download 

button. Click “Download” to download a copy of your class’ data in Excel. You 

will need to repeat this process for each of your two projects.

 

Suggested procedure:
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D = Simpson’s Index

n = the total number of individuals of a particular species

N = the total number of individuals of all species

 

D values range between 0-1 with 0 the most diverse and 1 the least diverse.

 

Teacher Prep

On the iNaturalist website, return to your project page. It will show pictures of some of the 

observations made, as well as stats for most observations, most species, etc. Click on 

Observations (either at the top, or “View All” next to recent observations.

Once on the observation page click on “Export observations” in the upper right-hand

-Allow students to conduct a 

separate inquiry project using 

the datasets they produce.

Set up Excel Worksheet

1) Each student research group will need a computer and a copy of the 

Excel file from their study site.

2) Open the Excel file.

3) Hide columns A-AI by clicking and dragging between column 

headings. Once desired columns are selected release the mouse, right 

click within the selected area, and click “Hide.”

4) Repeat step 3 to hide columns AL-AM. The remaining columns should 

be AJ/Scientific Name and AK/Common Name.

5) Decide whether you want your class to use scientific name or common 

name. They may hide the other column.

6) Select Data>Sort>Sort by and then either common_name or 

scientific_name depending on which you are using. This will put the 

species in alphabetical order for easier counting.
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Calculate Species Richness

1) Off to side of the species list, have students create a list of species (label this “Species”)

2) To calculate the species richness, simply count the number of species (not individuals) found. 

In this example, species richness is 13.

3) Write this number on the board for each site.
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Calculate Simpson’s Index

1) First we will calculate the top part of the equation: ∑n(n-1). Next to your species list create 

the following columns:

       -       n
       -       n-1

       -       n(n-1)

2) To calculate n (the number of individuals of that particular species) have students count and 

manually fill in the data.

3) To calculate n-1, click on the first empty cell under n-1. Type in the following equation =

(number1-1) and push Enter. In this case number1 is the n value of the first species, AP2 in our 

example. You may type in the cell number or click on the cell. So the keystrokes for this 

example would be =(click on AP2 cell-1) push Enter

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4) To copy the formula to the rest of the cells click on the cell you just calculated, click on the 

little green box in the bottom right hand corner of the cell, drag to the last row with species 

data, and release.
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5) To calculate n(n-1) click on the first empty cell under n(n-1). Type in the following equation 

=number1*number2 and push Enter. In this case number1 is the n value and number2 is the n-1 

value.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6)  To copy the formula to the rest of the cells click on the cell you just calculated, click on the 

little green box in the bottom right hand corner of the cell, drag to the last row with species data, 

and release.

7) To calculate ∑ (the sum), click on the cell below the last value in n(n-1) and type in the 

following formula: =sum(number1:number2) and push Enter. Here number1 refers to the first 

value in the n(n-1) column and number 2 refers to the last value in the n(n-1) column.

 

8) Record ∑ n(n - 1) on the board for each site.

9) Now we will calculate the bottom portion of the equation:   N(N-1), where N is the total organism

of all species.
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10) Next to the calculations you just did for ∑ n(n - 1) create the following column labels: Site, 

N, N(N-1), ∑ n(n - 1), D.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11) Under sites type in the name of your experimental site (South La Jolla SMR) and the control 

site (Windandsea Beach).

12) To calculate N, you will need to find the sum of all values in the n column. To do this, select 

the cell below the last value in the n column and type in the following equation: 

sum(number1:number2) and press enter. In this case number1 is the first n value and number2 is 

the last n value in the column

 

13) Enter this number into the appropriate cell under N.
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14) To calculate N(N-1) select the appropriate cell in the N(N-1) column and type in the 

following equation: =number1*(number1-1) and push Enter. Here number1 refers to the N 

value you calculated in step 13.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

15) Transfer the value of ∑ n(n - 1) from step 7 (should also be written on the board) to the 

appropriate cell under column ∑ n(n - 1).

 

16) To calculate the D value, select the appropriate cell under the D column and enter the 

following equation: =number1/number2 and press enter. Here number1 refers to the ∑ n(n - 1) 

value and number2 refers to the N(N-1) value. 
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Engage: Play one of the games or complete one of the activities from Living on the Edge: Field 

Guide to the Intertidal. After going over background information have students practice data 

collection using iNaturalist’s Seek app.

Explore: Perform a bioblitz using the iNaturalist app.

Explain: Explain biodiversity and how we measure it.

Elaborate: Have students calculate biodiversity using species richness and Simpson’s Index.

Evaluate: Ask the students questions relating to what they have learned (more questions may be 

found in Part 3 of this lesson plan).

Q1: What are the differences between the various indices of biodiversity?

Q2: Which site had higher biodiversity? Inside the MPA or out? Does this result corroborate or 

refute the hypothesis? Explain.

Q3: What natural resources are present in the intertidal zone?

Q4: How do MPAs protect those natural resources?

 

 

(recommended one 50-minute class period)

 
Class Discussion

1) Compare the species richness for both sites. Which site seems more diverse?

2) Now compare the Simpson’s Index (D value) for each site. Keep in mind the D value for the 

Simpson’s Index should be between 0-1 and is inverse, so 0 is the most diverse and 1 is the 

least diverse. According to the Simpson’s Index which site was more diverse?

3) How do the two measures of biodiversity compare (species richness and Simpson’s Index)? 

Did you get the same or different conclusions from both? Which measure of biodiversity do 

you think is the most accurate? Which measure of biodiversity would you recommend if 

speaking to the public? (Optional extension: How does the Shannon Index compare to these 

two indices?)

4) Do you think your results are accurate? What are some sources of error? What would you 

do differently if you did this project again? What would you suggest for future studies?

5) What natural resources did you observe that may be important to humans? How might 

MPAs protect them? What would happen to the ecosystem if that resource no longer existed? 

What would happen to humans if that resource no longer existed?

 

Activity

     Assign each student research group a stakeholder group (i.e. local residents, surfers, 

recreational anglers, commercial anglers, members of a Native American Nation, 

decision/policy makers, enforcement officials, academics, etc.) and have them create an 

“elevator pitch” for MPAs to give to a representative of that stakeholder group based on their 

findings.

     A good article about creating elevator pitches can be found here: 

https://slidebean.com/blog/startups/elevator-pitch-examples

     Remind the students that the “product” they are pitching is MPAs.

     Present elevator pitches to the class.

PART 3: Drawing Conclusions
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LS2. A Ecosystems have carrying capacities resulting from biotic and abiotic factors. The 

fundamental tension between resource availability and organism populations affects the abundance

of species in any given ecosystem.

LS4.D Biodiversity is increased by formation of new species and reduced by extinction. Humans 

depend on biodiversity but also have adverse impacts on it. Sustaining biodiversity is essential to 

supporting life on Earth.

            Science and Engineering Practices
Asking Questions: Ask questions that arise from examining models or a theory to clarify and/or 

seek additional information to determine relationships, including quantitative relationships 

between independent and dependent variables, and/or evaluate questions that challenge the 

premise(s) of an argument, the interpretation of a data set, or the sustainability of a design.

Analyzing and Interpreting Data: Analyze data using tools, technologies, and/or models (e.g., 

computational, mathematical) in order to make valid and reliable scientific claims or determine 

an optimal design solution, apply concepts of statistics and probability (including determining 

function fits to data, slope, intercept, and correlation coefficient for linear fits) to scientific and 

engineering questions and problems, using digital tools when feasible. Consider limitations of 

data analysis (e.g., measurement error, sample selection) when analyzing and interpreting data, 

and evaluate the impact of new data on a working explanation and/or model.

Using Mathematics and Computational Thinking: Apply techniques of algebra and functions 

to represent and solve scientific and engineering problems.

Constructing Explanations and Designing Solutions: Make a quantitative and/or qualitative 

claim regarding the relationship between dependent and independent variables. Design, evaluate, 

and/or refine a solution to a complex real-world problem, based on scientific knowledge, student-

generated sources of evidence, prioritized criteria, and tradeoff considerations.

 Engaging in Argument from Evidence: Construct, use, and/or present an oral and written 

argument or counter-arguments based on data and evidence and make and defend a claim 

based on evidence about the natural world or the effectiveness of a design solution that 

reflects scientific knowledge.

NGSS Alignment

     Crosscutting Concepts
Cause and effect: Mechanism and explanation. Events have causes, sometimes simple, 

sometimes multifaceted. A major activity of science is investigating and explaining causal 

relationships and the mechanisms by which they are mediated. Such mechanisms can then be 

tested across given contexts and used to predict and explain events in new contexts.

          Online Resources  
iNaturalist: www.inaturalist.org

La Jolla Tide Charts: https://tidesandcurrents.noaa.gov/noaatidepredictions.html?

id=9410230
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              Appendices

Measuring Biodiversity from the Government of Canada: 

https://nature.ca/en/teacher-zone/teacher-resources/lessons/student-worksheet-

measuring-biodiversity

How to Construct a Good Elevator Pitch: 

https://slidebean.com/blog/startups/elevator-pitch-examples

South Coast Baseline Program Final Report: Rocky Intertidal Ecosystems: 

https://caseagrant.ucsd.edu/sites/default/files/SCMPA-22-Final-

Report_wAppendices.pdf

See next page
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Introduction: 

Tidepools and the creatures that live in them can be found along much of the coastline in 

San Diego County. These unique ecosystems are important shallow pools of water left by 

the outgoing tide, typically found along rocky intertidal zones. The organisms that call 

these places home need to have special adaptations to deal with changing tides, wave energy, 

exposure, predators and competition for resources. Although these organisms are resilient 

and have evolved to live in extreme environments, they are imperiled due to pollution and 

human activity. 

 

Marine protected areas (MPAs) were established to protect the diversity and abundance of 

marine life, the habitats they depend on, and the integrity of marine ecosystems such as those 

found in the rocky intertidal. MPAs can also provide scientific reference points to assist with 

resource management decisions, and protect a variety of marine habitats, communities, and 

ecosystems for their economic and intrinsic value, for generations to come. 

 

During the field trip you and your classmates are going to become scientists, collecting 

important ecological data to answer the following question: 

 

      Is there a difference in biodiversity inside an MPA compared to outside an MPA? 

 

Write your hypothesis below: 

 

 

 

 

 

 

Methods: 

In order to test your hypothesis the class will be split into smaller research teams of 3-4 

students each. Half the research teams will gather data inside an MPA while the other half 

collects the same data outside of an MPA. 

 

To collect data we will be using the iNaturalist app on your cell phone. See the following 

pages for information on how to download the app, join the project, and take research grade 

photos. A map of the study site will also be included. 

 

Write the project name here: 

 

 

 

 

Bioblitz Guide
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Activity: 

Using the iNaturalist application on your (or a group member’s) phone, explore the 

tidepools of La Jolla to photograph and submit observations on as many organisms as 

possible. iNaturalist is designed to help you identify what it is that you are looking at and 

each submission is shared amongst a group of global scientists that tracks ecosystem health, 

climate change and the shifting ranges of organisms. 

 

Results: 

1. Write the common name of 5 organisms              Fill in the following: 

    your group identified while tidepooling:              *May be completed in the classroom 

         a. 

 

         b. 

 

         c. 

 

         d. 

 

         e. 

 

Conclusion:  
2. Explain how your 5 identified organisms are similar. What characterizations/ adaptations 

do they share?   
 

 

3. What are some potential threats to the everyday life of your observed organisms? 

 

 

4. What ecological services do tidepools and kelp forests provide? 

 

 

6. Compare the results of the group inside the MPA to the group outside of the MPA. 

What do these results tell us? 

 

 

 

5. What can you do to enhance the conservation of our coastal and marine ecosystems and 

wildlife? 

 

 

Total species 

found inside 

MPA

Total species 

found outside 

MPA
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Meeting Spot 

Wind and Sea Beach, La Jolla 

Parking lot at the corner of 

Nautilus St. and Neptune Pl.

Date

Time

Palomar Street



Background information:

(recommended one to six 50-minute class periods)

See Life in the Sand: Field Guide to Sandy Shores for more background 

information and classroom activities that may accompany this lesson. It is 

recommended you take one 50-minute class period to cover each of the topics 

covered in the field guide

 

Marine Protected Areas (MPAs)

     We can think of marine protected areas, or MPAs, as underwater parks. Just 

like we have national, state, and regional parks on land, there are many different 

types of MPAs. Different parks allow different activities - same with MPAs! In 

some of them you can fish, while in others you can’t. Some MPAs allow all 

kinds of activities (fishing, swimming, boating, etc.) while others are much 

stricter. By restricting what people can do and take in these underwater parks, 

we can protect California’s natural resources.

     California has 124 MPAs all along the coast. These MPAs protect many 

different habitats where many different animals live. MPAs give marine species 

a safe place to breed and grow. Animals inside of MPAs may be larger than 

those found outside of MPAs, allowing them to have more offspring than 

smaller animals. Offspring born within MPAs may also have access to more 

food, space, and other resources, allowing offspring to be healthier. 

       MPAs also provide opportunities for people to see beautiful, protected 

ocean spaces through snorkeling, scuba diving, swimming, kayaking etc. 

Sometimes, people don’t know that they are in an MPA and accidentally do 

something they aren’t supposed to do. That’s why it is important to understand 

what MPAs are, why we have them, and where they are - so you know if you 

are in one!

1

MPA Watch
Sandy Shore  - Grades 9-12

NGSS: DCI (Disciplinary 

Core Ideas):

HS-LS2-2

HS-LS2-7

HS-ESS3-1

 

Time: Four to nine 50-

minute class periods plus 

one and a half to two hour 

field trip 

 

Materials for the Teacher

-Life in the Sand: Field 

Guide to Sandy Shores

 

Materials for the Students

-MPA Watch data sheet

-MPA Watch data sets 

provided in teacher toolkit 

or by e-mailing

-MPA outreach materials 

(included in teacher toolkit 

or can be downloaded here: 

http://californiampas.org/so

uth-coast-brochures)

       ~Southern California 

MPA Guide

     ~Marine Recreational 

Brochure San Diego

Learning Objectives
A) Students will collect data on human use of coastal marine resources through the MPA 

Watch community science program and data on terns and plovers for San Diego Zoo Global 

(Part 1).

B) Students will use Excel to create pie charts illustrating the numerical proportion of activities 

observed as well as calculating average people observed in terms of survey effort (Part 2).

C) Students will use their results to create a scientific display and complete an oral presentation 

with study and management recommendations (Part 3).

Part 1: Data Collection



 

 

participate in community science.It’s a great way for people to help out 

professional scientists!

     There are many different types of community science. Some involve using 

an app on your phone to take pictures or measurements that are then sent to 

professional scientists. Today, we are going to do a type of community science 

that involves taking notes about what you see.

 

MPA Watch

     We already talked about why we create MPAs and how they can help 

protect ocean animals. Now that California has created these underwater parks, 

it’s important for us to see how people are using them. Are people visiting 

MPAs? If they are, what kind of activities are they doing there? The answers to 

these questions will help us to figure out if the MPAs are working and help in 

the creation of future MPAs. We are all going to be community scientists and 

help collect some information about what people are doing in this MPA for a 

statewide program called MPA Watch. 

     MPA Watch uses a method of scientific sampling referred to as a transect. A 

transect is a fixed path (with a start and end point) along which an observer 

counts and records scientific data. In the case of MPA Watch, observers record 

all the people they pass while walking along the transect. This allows us to 

create replicable, unbiased data.

     The observed activity that each person is performing is recorded using an 

ethogram, a list of possible behaviors that may be observed. For example, MPA 

Watch worked with scientists to create an ethogram of the human behaviors that 

may be observed at the beach including beach recreation, wildlife watching, 

fishing, surfing, or snorkeling.

 

Suggested procedure:

Pre-Trip Discussion

Have the class discuss the following:

1) What would happen to a natural area (i.e. a forest or a beach) if humans were 

allowed to do whatever they wanted?

2) Are the things that we use from the ocean unlimited? Can we run out?

3) Have students brainstorm examples of activities that could deplete coastal 

2

Sandy Shore

Sandy shores are areas where deposits of sand or other sediments cover the shoreline. To 

beachgoers, sandy shores often appear to be devoid of life, made up only of sand, shells, and 

the occasional piece of driftwood. But in reality, this dynamic habitat is home to a diversity of 

species, each specially adapted for life above or below the sand. These organisms must contend 

with pounding waves, changing tides, and constantly shifting sand particles - not to mention 

people who love to visit and develop beaches!

 

Community Science

Community science (also known as citizen science) involves members of the general public 

(that’s you and me!) collecting data that can then be used in scientific research. Anyone can 

       ~Fishing Guide San 

Diego

       ~MPA Watch South 

Coast Snapshot Report

-Computers: one per every 

two to four students

-Access to the internet

-Graphic design software 

(Canva is a great free online 

program – canva.com)

-Poster board, butcher paper, 

or project board

-Glue

-Tape

-Scissors

-Colored paper

-Any other presentation 

supplies available

 

Vocabulary

-Marine Protected Area 

(MPA): MPAs are areas in or 

near the ocean made to 

protect or conserve marine 

life and habitat, safeguard 

cultural sites, and provide 

enhanced recreational 

opportunities.

-Take: To hunt, pursue, 

catch, capture, or kill, or 

attempt to hunt, pursue, 

catch, capture, or kill any 

natural resources.



5) Would you rather swim/snorkel/kayak/etc. somewhere with lots of species 

or few species?

6.     Key Question: How are humans using coastal and marine resources in 

marine protected areas?

Field Trip (recommended 1.5-2 hours in the field)

MPA Watch

1) Meet at the cul-de-sac at the southernmost end of Seacoast Drive in 

Imperial Beach. Approximate address:

1698 Seacoast Drive,

Imperial Beach, CA 91932

2) Break students into research groups of approximately four people. Assign half 

the research groups to the control site (OUT 2) and half the research groups to the 

experimental site (TRM 1). Make sure a chaperone accompanies each group.

3) Both groups will begin their surveys on the beach directly adjacent to the 

parking lot. Walk onto the beach and look for the rock wall at the end of the 

houses. This demarcates the boundary between the control survey (OUT 2) and 

the experimental survey (TRM 1). *Note: while both groups start in the same 

place, they will be collecting data in different orders along different transects.

          a. Instructions for Control Site Groups: 

Control survey begins on the beach at the rock wall along the houses at the end of 

Seacoast Drive and runs north until the Imperial Beach Pier (approximately 1.8 

miles round trip). From south to north collect San Diego Zoo bird data. On return 

trip from north to south collect MPA Watch human use data for site OUT 2. Note, 

during medium to high tide the southern end of the beach (where you begin and 

end) may be inaccessible. Groups may walk north along Seacoast Drive and use 

the next access point instead.

          b. Instructions for Experimental Site Groups: 

Experimental survey begins on the beach at the rock wall along the houses at the 

end of Seacoast Drive and runs south until the Tijuana River Mouth (the river 

mouth is obvious; approximately 2.0 miles round trip). From north to south collect 

MPA Watch human use data for TRM 1. On return trip from south to north collect 

San Diego Zoo bird data. Note: This survey is within the Tijuana River Mouth 

State Marine Conservation Area.
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-Community (or citizen) 

Science: The collection 

and/or analysis of scientific 

data by everyday people.

-MPA Watch: A community 

science project that collects 

data on how humans are 

using the coast and ocean.

-Replicable data: Data that 

is collected following strict 

methods so that studies may 

be repeated independently 

and achieve the same result.

-Unbiased data: Data that 

represents the true condition 

of the population without 

being subject to human 

error.

-Ethogram: A list of the 

possible kinds of behavior or 

activity that may be 

observed in an animal.

-Experimental site: The site 

receiving experimental 

treatment (in our case the 

protection afforded by 

MPAs).

Control site: The site not 

receiving experimental 

treatment.

Consumptive: An activity 

that involves the removal or 

use of a resource.

 

and/or marine resources (i.e. fishing, collecting, etc.)

4) Have students brainstorm examples of activities that would not deplete coastal and/or marine 

resources (i.e. swimming, snorkeling, surfing, recreational SCUBA diving, playing at the beach, 

etc).

 



 

4) From the start point, walk south toward the end point.

5) As you walk Researchers #1-3 will count how many people they see doing 

their assigned activity and tell Researcher #4.

6) Researcher #4 will record the data on the datasheet in the appropriate row. 

*Note: tally marks or numbers may be used as long as the method is consistent.

7) Collect data on what a person is doing only as you pass them or they pass 

you. Do not look ahead or behind.

8) Count each person only once, even if they pass you multiple times.

9)Data is collected for anyone on the sand and in the water, not in parking lots 

or on cliffs.

10) Each kayak/boat counts as one, even if there is more than one person in it.

11) Domestic animals (i.e. dogs) are counted separately from their human. So if 

you see a person walking their dog on-leash, the dog would count as one tally 

for “Domestic Animal On-Leash” and the human would count as “Beach 

Recreation.”

12) "Hand Collection of Biota" means the collection of anything that is alive.

13) The back of the page may be used if additional space is needed, just make 

sure to label the activities.

14) Stop at the stop point, fill in the end time at the top of the datasheet, and 

total all activities.

 

San Diego Zoo Bird Data Collection

1) As you walk south to north along your assigned transect fill out the SDZG 

Terns and Plovers Datasheet. Record how many of each species are seen, their 

activity, if any birds seemed in distress, and nearby human activity.

 

 

(recommended two 50-minute class periods)

Entering Data

MPA Watch

    1) Make a master data sheet by averaging the number of observations made 

for each category across groups.

    2) E-mail the master data sheet to angela@wildcoast.org

San Diego Zoo Birds

    1) Follow the same steps as for MPA Watch. 4

MPA Watch Data Collection Instructions for All Groups

1) Each research group should get a clipboard, pencil, and MPA Watch data collection sheet 

(see appendix).

2) Within each group designate the following roles (or similar based on your beach conditions):

Researcher #1: Surfers/Boogie Boarders

Researcher #2: Beach Recreation

Researcher #3: All Other Activity

Researcher #4: Note Taker

3) Fill out the metadata section of the datasheet (Names, Date, Transect ID (see transect 

information), Start Time, Clouds, Precipitation, Air Temperature, Wind, Tide Level, Visibility, 

Beach Status, Sea State.

-Non-Consumptive: An 

activity that does not 

involve the removal or use 

of a resource.

-Effort: A way to calculate 

data that eliminates 

discrepancies based on the 

effort put into collecting the 

data (in our case the 

differing length of the 

transects). Expressed in 

terms of “per unit of 

effort;” i.e. people per mile.

 

California Department of 

Fish and Wildlife Key 

Messages:

-To improve recreational, 

educational, and study 

opportunities provided by 

marine ecosystems that are 

subject to minimal human 

disturbance, and to manage 

these uses in a manner 

consistent with protecting 

biodiversity.

-To ensure that California's 

MPAs have clearly defined 

objectives, effective 

management measures, 

adequate enforcement, and 

are based on sound 

scientific guidelines.

PART 2: Data Analysis



3) Have students open the data file in Excel.

Have students identify the following groups of

4) Have students identify the following groups of columns in the data file: 

Metadata (columns A-X), activity counts (columns Y-DG), general activities 

(columns DH-DL), and violation reports (columns DM-DW).

5) For this activity we will only be looking at the activity count data. Have 

students select columns A-X. Right click and select “Hide.” Do the same for 

columns DH-DW. *Note: If you left click on a column heading you can then 

hold and drag across multiple column headings to select multiple columns at 

once.
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Connections:

Art, science, engineering

 

Ocean Literacy Connection:

-The ocean supports a great 

diversity of life and 

ecosystems.

-The ocean and humans are 

inextricably interconnected.

 

Suggested extensions:

-Instead of a field trip, create 

an ethogram of the possible 

behaviors that may be 

observed in your schoolyard 

or down a popular walkway. 

Complete a transect using the 

same data collection methods 

as MPA Watch (outlined in 

Part 1) recording data on your 

ethogram instead of the MPA 

Watch datasheet. Use the 

included MPA Watch datasets 

to complete Parts 2 and 3.

-Mix and match the six 

lessons and various activities 

in Life in the Sand: Field 

Guide to Sandy Shores to 

meet classroom needs.

Downloading Data for Analysis

MPA Watch

    1) A copy of the MPA Watch data for San Diego County is included with the digital version 

of this toolkit. To receive more current data please email angela@wildcoast.org. *Note: If you 

submitted a master data sheet from your groups’ field trip you will automatically receive an 

email with the most current data.

 

Analyzing the Data

1) Provide a computer to each research group.

2) Give each group a copy of the data file for their site (either OUT 2 for the control site or 

TRM 1 for the experimental site).

 

 

HINT: To “freeze” the top row (keep it visible while the other rows scroll) click 

on View > Freeze Panes > Freeze Top Row

 

6) Have students work in their groups to explore the activity data. Have them 

identify what each column represents. Clarify any activities if necessary. Point 

out that columns Y-AG are totals of various other columns rather than activity 

counts themselves.

7) In their groups have students brainstorm different ways to categorize the 

data.



Consumptive vs. Non-Consumptive

1) The first analysis we will conduct is the proportion of consumptive activities 

to non-consumptive activities. This will be represented with a pie chart. We will 

use the data from column Z “TOTAL Nonconsumptive Activities” and column 

AD “TOTAL Consumptive Activities.”

 

2) To do this we must find the totals for each column. To do this for non-

consumptive activities have students select a cell in column Z below the data 

then enter the formula =SUM(Z2:Z#). Replace the # sign with the number of the 

last row in that column. Push Enter. Repeat for column AD =SUM(AD2:AD#)
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-Allow students to conduct a 

separate inquiry project 

using the datasets.

-If you have enough time 

visit the Tijuana Estuary 

Visitor Center located a few 

blocks away at 301 Caspian 

Way, Imperial Beach, CA 

91932. Entrance is free. The 

visitor center is closed 

Monday and Tuesday. There 

are also hiking trails near the 

visitor center that explore 

the endangered wetland.

8) For this analysis we will divide the data between consumptive activities (those that use 

resources) and non-consumptive activities (those that do not use resources) as well as land-

based activities and water-based activities. Therefore, the four types of data categories are: land-

based consumptive, water-based consumptive, land-based non-consumptive and water-based 

non-consumptive. Have students assign each category a color and highlight each column 

according to the category in which it belongs.
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3) To make the pie chart of this data, make a small table below your data with the data labels 

(Consumptive and Non-consumptive) and the totals you just calculated in step 2.

4) Select Insert from the top menu, click on the pie chart icon, then select the type of pie chart 

you would like to make. Change the title of the pie chart to “Consumptive vs Non-Consumptive 

Resource Use in San Diego County MPAs” and the data labels to Consumptive and Non-

consumptive appropriately.
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5) Compare results between the control site (not in the MPA) and the experimental site (in the 

MPA). Are there any differences?

Most Common Activities

     In addition to determining if most of the activity is consumptive or non-

consumptive, we also want to know which activities are most common at each site so 

that we may better focus our outreach efforts. In this activity we will create a snapshot 

of the types of activities people are doing at our survey sites.

1) Tell students to find the totals for each of the activity columns (AH-DG) using the 

method described in step 2 above. Hint: students do not have to enter the formula for 

each activity. Rather, enter the formula for the first activity, AH Beach Rec; Sandy, and 

then click and drag the little green box in the bottom right hand corner of the cell across 

the other columns you wish to calculate. Excel will automatically copy the formula to 

each of those cells and change the formula to calculate each specific column.

2) Have students look at the totals for each of the columns. Identify the five most 

common activities and create a table with the name of the activity and the number of 

people observed doing that activity.

3) Use the table to create a pie chart for the five most common activities observed 

following the instructions from steps 3 and 4 above.

4) Compare results between the control site (not in the MPA) and the experimental site 

(in the MPA). Are there any differences?

 

Calculating Effort

     The above calculations are a simple way to provide a snapshot of activity along our 

coast. They are easy to calculate and read. This type of analysis (pie charts!) is what is 

preferred by our data partners at the California Department of Fish and Wildlife.

       This type of data analysis is limited in that it does not offer an idea of how many 

people were observed participating in a certain activity, just whether it was seen more 

frequently than other activities. However, we cannot simply compare the number of 
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people from the control site to the number of people from the experimental site, since their 

distances are not equal. Think about this: is seeing 500 people on a beach a mile long the same 

thing as seeing 500 people on a beach that is a quarter mile long?

        For this next analysis we will re-calculate what we did above to incorporate effort. 

Fortunately, effort is actually relatively easy to calculate.

 

 

                                          

 

 

 

 

 

 

             Average # People Observed Per Survey

          Survey Distance

Note that the total number of people could actually refer to the total number of people observed 

or it could refer to the total number of people observed doing one type of activity (i.e. the total 

number of people you saw on the entire survey or the number of people you saw doing beach 

recreation on the survey). The unit for effort is average # people per survey mile and can be 

used to make bar charts comparing surveys of different distances since it eliminates distance as 

a variable.

 

Consumptive vs. Non-Consumptive - Effort

1) The first step in determining effort is to find the average number of people for each activity, 

in this case the average number of people observed participating in some kind of consumptive 

activity and the average number of people observed participating in some kind of non-

consumptive activity. Note, in this context average will be calculated using the mean.

2) To calculate the average we will use the same columns we did for the calculations above, Z 

“TOTAL Nonconsumptive Activities” and column AD “TOTAL Consumptive Activities.”

3) Select a cell below Z “TOTAL Nonconsumptive Activities” and enter the following formula 

- =average(Z2:Z#). Replace the # sign with the number of the last row in that column. Push 

Enter.

The formula for effort is:
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4) Repeat for column AD “TOTAL Consumptive Activities”  =average(AD2:AD#)

5) Now that we have calculated the top half of the equation, Average # People Observed 

Per Survey, we need to calculate the survey distance. This is actually easy! It is simply the 

distance of the transect you walked in one direction.

          a. OUT 2 = 0.92 miles

          b. TRM 1 = 0.84 miles

6)Alternatively, you could have students get on Google Earth and calculate the distance 

themselves.

7) Finally, to calculate effort divide the totals from steps 3 and 4 by the distance of the 

appropriate survey.

8) Now that we have calculated effort we will create a bar chart comparing the average 

number of non-consumptive activities vs the average number of consumptive activities 

observed at our site.

9) To create the bar chart make a table with your data labels and effort totals and then click 

on Insert > Bar Chart icon > then select which type of bar chart you would like.
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10) If the bar chart does have a title or axis labels click on the plus sign next to the chart 

and select them. The x-axis should already be labeled with Non-consumptive and 

consumptive. Label the Y-axis “Average # People per Survey Mile.”



12

Most Common Activities – Effort

1) Complete the steps above for the five most common activities you identified during the 

first part of data analysis.

 

San Diego Zoo Terns and Plovers

1) Ask students if it would make more sense to analyze the amount of terns and plovers 

seen as a pie chart or as a bar chart (per unit of effort). Should terns and plovers be grouped 

or separated? Create the appropriate chart.

 

Student Choice

1) Have students identify a question they would like to answer from the data. Students 

should write out the question, a hypothesis, run the proper analysis, and create the correct 

type of chart.

2) Have each group discuss their charts. Which activities were seen most frequently? 

Which were seen least frequently?

3) What impact might these activities have on the environment? What further questions do 

you have? What further analysis needs to be done to answer this question?

 

 

(recommended two to three 50-minute class period)

Activity

-Have students create a poster (or other display) outlining their research using the format of 

a peer-reviewed journal article:

          o   Introduction (Background on the topic, why it is important to study, what we 

already know)

          o   Methods (How the data was collected)

          o   Results (Include pie charts here)

          o   Conclusions (What does your data tell us? Why is it important?

-What future studies should be done? What were some possible sources of error?)

-Posters should also include a map of the MPA and a picture of their beach as well as any 

other relevant items.

-Students will provide an oral presentation of their group project.

 

Class Discussion

- How do the two types of data analysis compare? When would be an appropriate time to 

use each method?

-How do MPAs protect ocean ecosystems?

-What type of human activities interfere with the protection of MPAs?

-How do these activities interfere?

-How did human activity compare between the control site (outside of the MPA) and the 

experimental site (inside the MPA)?

 

 

PART 3: Drawing Conclusions
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-Did the amount of birds seen inside vs outside the MPA differ? Did you notice any 

corresponding trends with human use?

-How might different types of human use affect biodiversity? Did you see any evidence for 

this?

-Is there value in allowing recreation within MPAs?

-What steps can we take to balance protection of natural resources with the importance of 

allowing recreation in MPAs?

-What are some possible sources of error in your study?

-What do you recommend for future studies?

 

Did some of your students come up with awesome questions and displays? MPA Watch 

would love to see them! Please send pictures to angela@wildcoast.org !

 

 

 

 

 

 

 

 

 

 

 

Engage: Play one of the games or complete one of the activities from Life in the Sand: Field 

Guide to Sandy Shores.

Explore: Collect MPA Watch data.

Explain: Explain how different types of human use can impact the environment. Which 

types of human use are harmful? Which are beneficial?

Elaborate: Have students compare the amount of human use and types of human use inside 

vs. outside the MPA.

Evaluate: Ask the students questions relating to what they have learned (more questions 

may be found in Part 3 of this lesson plan).

Q1: How do MPAs protect ocean ecosystems?

Q2: What type of human activities interfere with the protection of MPAs?

Q3: How did human activity compare between the control site (outside the MPA) and the 

experimental site (inside the MPA)?

Q4: What steps can we take to balance protection of natural resources with the importance 

of allowing recreation?
13
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HS-LS2-2. Use mathematical representations to support and revise explanations based on 

evidence about factors affecting biodiversity and populations in ecosystems of different scales.

HS-LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities 

on the environment and biodiversity.

HS-ESS3-1. Earth and Human Activity Construct an explanation based on evidence for 

how the availability of natural resources, occurrence of natural hazards, and changes in 

climate have influenced human activity.

   Science and Engineering Practices
Asking Questions: Ask questions that arise from examining models or a theory to clarify and/or 

seek additional information to determine relationships, including quantitative relationships 

between independent and dependent variables, and/or evaluate questions that challenge the 

premise(s) of an argument, the interpretation of a data set, or the sustainability of a design.

Analyzing and Interpreting Data: Analyze data using tools, technologies, and/or models (e.g., 

computational, mathematical) in order to make valid and reliable scientific claims or determine 

an optimal design solution, apply concepts of statistics and probability (including determining 

function fits to data, slope, intercept, and correlation coefficient for linear fits) to scientific and 

engineering questions and problems, using digital tools when feasible. Consider limitations of 

data analysis (e.g., measurement error, sample selection) when analyzing and interpreting data, 

and evaluate the impact of new data on a working explanation and/or model.

Using Mathematics and Computational Thinking: Apply techniques of algebra and functions 

to represent and solve scientific and engineering problems.

Constructing Explanations and Designing Solutions: Make a quantitative and/or qualitative 

claim regarding the relationship between dependent and independent variables. Design, evaluate, 

and/or refine a solution to a complex real-world problem, based on scientific knowledge, student-

generated sources of evidence, prioritized criteria, and tradeoff considerations.

 

       NGSS Alignment

Engaging in Argument from Evidence: Construct, use, and/or present an oral and written 

argument or counter-arguments based on data and evidence and make and defend a claim 

based on evidence about the natural world or the effectiveness of a design solution that 

reflects scientific knowledge.

          Crosscutting Concepts
Patterns. Observed patterns of forms and events guide organization and classification and prompt 

questions about relationships and the factors that influence them.

          Online Resources  
MPA Watch: www.mpawatch.org ; www.wildcoast.org/mpawatch

 



Terns and Plovers Datasheet
Site:   Control  or Experimental                 Date:
Site Name:                                                Start Time:
Group:                                                       End Time:

The western snowy plover is a small shorebird, 
about 6 inches long, with a thin dark bill, pale brown 
to gray upper parts, white or buff colored belly, and 
darker patches on its shoulders and head, white 
forehead and supercilium (eyebrow line). 
U.S. Fish and Wildlife Service

The CA Least Tern has a distinctive black cap. It 
has black stripes running from the cap across the 
eyes to the beak. These contrast with a white 
forehead. 8¼ to 9 inches long. Its wingspan is 19 to 
21 inches. Has a forked tail.
U.S. Fish and Wildlife Service

  # Birds in Group      Bird Activity         Human Activity
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____________________________________________

____________________________________________

____________________________________________

____________________________________________

____________________________________________

____________________________________________

____________________________________________

____________________________________________

____________________________________________
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MPA Watch Data Sheet 

 

Name(s): Date:    ___/___/_______ Transect ID: 

Start Time: End Time: 
Clouds: clear (0%)/ partly cloudy (1-50%)/ 

cloudy (>50%cover) 
Precipitation:  yes / no 

Air Temperature: cold / cool / mild / warm / hot Wind: calm / breezy / windy Tide Level: low / med / high        

Visibility:    perfect / limited / shore only Beach Status: open / posted / closed           Sea State: 0-2ft   2-4ft   4-6ft    6ft+ 

 

On-Shore Activities Rocky Sandy 

Recreation (walking, resting, playing, etc. NOT tidepooling) 

 
 
 
 
 
 

Wildlife Watching   

Domestic animals on-leash   

Domestic animals off-leash   

Driving on the Beach  

Tide-pooling (not collecting)  

Hand collection of biota   

Shore-based fishing (describe gear in comments)   

 

Off-Shore Activities (Non-Boating)  

Surfing/Boogie Boarding 
 
 
 

Offshore Recreation (e.g., swimming, bodysurfing)  

Stand Up Paddle Boarding  

Non-Consumptive SCUBA and snorkeling  

Spear Fishing (free diving or SCUBA)  

Other Consumptive Diving (e.g., nets, poles, traps)  

 

Boating 

Boat Fishing (Describe gear in comments)  

Kayak/Canoe/Dinghy   

Dive Boat (stationary – flag up)   

Whale Watching Boat  

Work Boat (e.g., life-guard, DFW, research, coast guard)   

Commercial Passenger Fishing Vessel (5+ people)  

Other Boating (e.g., powerboat, sail boat, jet ski)   

 

Comments 
 
 
 

Did you observe:  ☐ scientific research;   ☐ education;   ☐ beach closure;   ☐ large gatherings (e.g., beach cleanup);   ☐ enforcement activity  
 

Did you report a violation:   ☐ yes    ☐ no                                        If yes, how many violations did you report  __________     

Who did you report the violation to (mark all that apply):  ☐ DFW     ☐ State Parks    ☐ other entity (e.g., lifeguard, harbor patrol)  

Which method did you use to report your violation (mark all that apply):  ☐ phone call    ☐ text  ☐ mobile app   ☐ website   ☐ email    ☐ in person   

TO REPORT POTENTIAL VIOLATIONS CALL CalTIP: 888-334-2258      
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Background Information

Stretching for a picturesque 1,110 miles along the Pacific Ocean, California has the third longest coastline in the  
United States.  This coastline is a scenic and natural resource available for everyone to enjoy.  Some of the habitats 
found along this diverse shoreline include rocky intertidal, kelp forests, sandy shores, beach dunes, wetlands, and 
unique islands. Our coastal resources support California’s $43 billion coastal economy and are a rich source of in-
spiration. Commercial and recreational fisheries and tourism have long been economic drivers in communities along 
the Pacific coastline, in addition to shipping and local recreation, and many other coastal dependent businesses and 
activities.   

In 1999, California was the first state to pass a law requiring the establishment of science-based, statewide network 
of marine protected areas (MPAs). California recognized that it was important to provide holistic protection to our 
coastal resources (in addition to species-specific management practices that have been the norm). This led to the 
passage of the Marine Life Protection Act (MLPA) in 1999. Under this law, the state convened local ocean community 
members to work together to identify MPA locations using the best available science, which resulted in the inclusion 
of about 16% of California’s coastline within MPAs. Now California has a network of over 120 MPAs where marine life 
is protected.

What is an MPA? It is a special place in the ocean, similar to a national or state park on land, where people are  
encouraged to visit and explore, but where harvest of wildlife is limited.  Around the globe, from Hawaii to Australia,  
in the Pacific and the Indian Ocean, and elsewhere, thousands of MPAs representing 1.8% of the ocean, protect 
marine life from the pressures of human activities.  These MPAs consistently have more marine life, greater diversity 
and larger animals than unprotected areas outside of these underwater parks.  In California the animals and plants 
that live in MPAs are allowed to grow and thrive, and to reproduce safely in protected habitats with limited fishing 
pressure, allowing marine life and the habitats they depend upon to recover from human impacts  and to maintain 
their ecosystem integrity for future generations.  MPAs foster robust populations that can withstand current and 
future threats from climate change and other factors.  With diverse habitats protected, organisms can move between 
and among habitats as necessary due to life cycles, seasonal cycles, and ecosystem changes.  

In addition, many coastal areas have been important to native peoples, who have relied upon them for their liveli-
hoods and spiritual values.  Some MPAs protect this cultural heritage and site history; MPAs can protect these values 
and other sites of historical significance.     

Protection of marine biodiversity was one of the key arguments in creating MPAs.  What is marine biodiversity?  
Most of the Earth’s water is salt water in the ocean, which covers 70% of the Earth. In these salty, wet habitats live 
diverse life forms that exchange energy and nutrients among themselves and the environment. Some of these life 
forms have completely disappeared while other still thrive. Marine biodiversity is the variety and abundance of life 
(microbes, algae, plants, and animals) found in the ocean.

Marine biodiversity is important because it is often used as a measure of the health of a biological system. Some 
environmental changes may be harmful while others may be beneficial. When the environment changes, some plants 
and animals survive and reproduce, while others die or move to new locations. Maintaining marine biodiversity is 
important for natural resources, natural ecosystem balances, aesthetic pleasure, and economics. You will often find 
biodiversity thriving in MPAs. These areas demonstrate both a variety and abundance of marine life.

In this section, your students will be introduced to some of the 
biodiversity found in our amazing California ocean waters through 
interactive lessons.  
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Map of Southern California’s MPAs

Source: http://www.dfg.ca.gov/marine/mpa/scmpas_list.asp
State Marine Reserves are open to recreation and non-consumptive use (i.e. you can’t take (fish) or hurt anything in 
the Reserve).
No Take State Marine Conservation Areas are similar to State Marine Reserves, except that they are open to  
specific restoration or research activities that might involve taking or altering the environment in a limited way by 
permit only.
State Marine Conservation Areas are open to limited recreational or commercial harvest of organisms.
Special Closures are areas that prohibit or restrict access and/or boating activities in areas adjacent to special sea 
bird or marine mammal sites.
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I. Our Amazing California Ocean  |  Lesson: California’s Coast

Overview
Students will look at resources as an introduction to 
California’s coastal resources

Learning Objectives
After completing this lesson, students will be able to:
• Describe a portion of the California coast
• Create a visual and written depiction of a California coastal 
organism and explain how it relates to other organisms

Time 
45 minutes

Suggested Group Size
Individually for research, then in small groups to compare their research and creations, and as a class or in large 
groups to create the mural

Materials
Access to images or videos from the Resources Section 
Notebook paper and pencils
Drawing materials    

Engage
Ask students what do they know about our California coast and ocean.   

Explore
Using images from the internet, the poster in this packet, and videos such as “Marine Protected Areas: Special 
Ocean Places Deserve Special Protection” (see Resources Section), have students explore California’s underwater 
resources. Have students take notes on what they see and note how many different kinds of animals and algae there 
are. Note the interactions occurring among the organisms. 

Explain
California’s coastal waters are home to a rich array of habitats and species, many found nowhere else on Earth.   
Due to their uniqueness and the diversity (number of kinds or types) of animals that call them home, many people,  
including scientists, think our California coastal habitats (the rocky shores, kelp forests, sandy beaches, sea grass 
beds, and wetlands) are worth protecting for future generations.          

Elaborate
Ask students what they saw or learned about animals and habitats that surprised them.  Have them write a brief 
description about an animal, algae or aspect of a habitat that interested them.  

Evaluate
Have students work together as a class or in smaller groups to create a mural of the California coast that depicts a 
healthy ecosystem or habitat relying upon their research and their images.  Once students have added their piece, 
have them look at the overall mural and work together to make sure they have filled in any elements or habitats  
that may be missing. Assess students based on the degree of detail they were able to record and how their piece 
supports the creation of the entire mural.     

Vocabulary
Coast - the edge of the land where it meets the sea
Ecosystem - the living community of organisms interacting with each other and their physical environment
Habitat - the natural environment of an organism that includes all it needs to stay alive, such as its home, food,  
shelter, and water
Healthy - functioning well and properly; in balance
Species - a group of similar organisms that can produce young together 



I. Our Amazing California Ocean  |  
Lesson: An Introduction to Underwater Parks

Overview
Students will look at the Marine Protected Area Poster 
to explore the life found in our California ocean with a 
special focus on some of the unique species that will 
benefit from the creation of a underwater parks.  

Learning Objectives
At the end of this lesson, students will be able to:
• Describe an organism of the California coast in a 
non-fiction, descriptive essay 

Time
20-30 minutes

Materials
“My Underwater Park” 8.5 x 11 B&W Coloring Sheet – (larger coloring surface)
A copy of the full My Underwater Park color poster
Photos of some of the brightly colored organisms – adult and juvenile garibaldi, California sheephead, nudibranch
Samples of nature writing for students – a selection of a few examples are available in the resources section.  

Preparation
Copy Park B&W Coloring Sheet for each student and coloring utensils.

Procedure
Engage  
After handing out the coloring sheets, ask students to look at the sheet and share some of the things they notice.  
Ask students if they think the coloring sheet is an accurate depiction of what it really what it looks like underwater 
in California’s coast.  Have them explain why or why not. 

Explore 
Obviously, one of the big differences between the sheet and our ocean, is our ocean is full of color. Explain to 
students that, while most people assume that coral reefs are the only colorful ocean habitats, our coastal habitats 
such as the rocky shore and kelp forest depicted on their sheets also have brightly colored and interestingly 
patterned animals.  Project or hold up a copy of the full color poster to the class.  Have them identify some of the 
brightly colored organisms.  Specifically, have them find the adult garibaldi and juvenile garibaldi on their sheets 
and have them color them in using scientifically accurate colors.

Explain 
While students are coloring, explain that the garibaldi is the state marine fish of California because it is so unique 
and a good representation of our local diversity.  Other things to note about the garibaldi:
1. Adult garibaldis are brightly colored orange fish, the largest of the damselfish family, and are native to the Pacific 
Ocean ranging from Monterey Bay, California to Guadalupe Island, Baja California. The garibaldi is the official state 
marine fish of California, and because of this designation, it protected in California coastal waters. It gets its 
common name from its bright color: Followers of Italian historical figure Giuseppe Garibaldi wore bright reddish 
orange colored shirts.  Its scientific name is Hypsypops rubicundus, translates as high appearance, very red 
(Hypsy = high, ops = appearance; rubi = reddish, cundus = very red).  
2. While adult garibaldi are a bright and rich orange color, juvenile garibaldi are often found with numerous blue 
spots and a slightly paler version of their parents. Once they become adults, they lose the blue spots and become 
a much brighter shade of orange.  
3. Adult garibaldi maintain a distinct home territory. The male clears a sheltered nest site within his territory and 
farms a mat of algae to shelter developing eggs. The female then deposits eggs within the nest of the male she feels 
has the best algal mat. The male subsequently guards the nest until the eggs hatch after 19–21 days. During this time 
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period, the male garibaldi aggressively tries to keep all other fish away from the very edible eggs. Like all male 
damselfish, the male garibaldi will boldly attack much larger swimming creatures, including humans, to the point of 
biting divers in order to try to drive them away from the area where the eggs are deposited.
4. In their territory, they pick small invertebrates off of the rocks and kelp, keeping them from their eggs and their 
territory while picking up a tasty snack along the way!  By selectively farming particular species of algae and clearing 
their territory of surrounding invertebrates, they can play a significant role in determining the biodiversity.  They 
are found in relatively shallow water (<30m/100ft deep), and can be found in dense populations of 40 individuals 
inhabiting an area the size of a basketball court!  

After explaining these aspects of the garibaldi to students, have them guess at why it is such a bright color.  If 
students have trouble coming to the conclusion that the garibaldi’s color is a warning to would-be intruders, ask 
them to think of brightly colored animals on land such as bees or poisonous butterflies to recognize similarities.  

Elaborate 
Have students examine and color the other organisms on the sheet.  Have them discuss those that are brightly  
colored and why they might be that way. The California sheephead and mantis shrimp who are both aggressive like 
the garibaldi, the small purple nudibranch is poisonous, and the bright purple urchin is covered in protective spines.  
If students do not come to it on their own, help them to conclude that animals can be brightly colored if they have 
ways other than their color to protect themselves.  Have students look for those animals with less bold colors or 
camouflaging patterns and have them discuss why they are colored that way.  The sharks may surprise the students 
with their camouflaging color, but have them guess as to why a small species of shark may want to hide.  

Evaluate
Using what they have learned, have the students write up a descriptive paragraph about a unique organism that  
surprised them with their unique coloring. Have students circle their favorite animal on the sheet and ask them 
where they would need to go to see that organism and then have the students share any anecdotes or stories they 
have of seeing these organisms in person and to record these as a part of their descriptive sheet. Ask students to 
explain if they think the organisms they are studying should be protected and have them include that as well. 
Explain to students that this sort of writing is non-fiction science writing.  Give students time to revise their para-
graphs to ensure that they have written a brief but compelling piece about their organism and their experience with 
it and thoughts about it.   

Note: To build understanding of nonfiction science writing, you might share other examples of non-fiction descriptive 
science essays, such as David Quammen, Barbara King¬solver, Rachel Carson, Stephen Jay Gould, Jack Prelutsky or 
Ogden Nash. A few samples are in the resources section.

Possible Lesson Extensions
• Have students add themselves to the blank areas on the coloring sheet using this as an opportunity to talk about 
the importance of people using MPAs too!  
• Using the blank edges of the coloring sheet, have students take notes, label the zones or organisms that are 
identified on the poster, or add other organisms that they think are missing.  
• Use the coloring sheet to facilitate a discussion about diversity versus abundance, a discussion of form and 
function looking at factors such as organism shape, color, mouth shape, etc.   
• Use the coloring sheet or poster as a scavenger hunt tool during a trip to your local Southern California aquarium.  

Vocabulary  
Farming - caring for and growing organisms for use and food  
Organism - a living species, can be a member of any kingdom of life
Sheltered - protected 
Significant - worth noting or paying attention to 
Territory - a range or area in which an organism can be found, often guarded or protected by the organism
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Overview
This lesson builds on the California’s Coast and Getting 
to Know Garibaldi lessons and introduces students to the 
concept of MPAs

Learning Objectives
At the end of the lesson, students will be able to:
• Explain what Marine Protected Area, or MPA is and 
how it helps protect biodiversity and abundance of 
organisms in the ocean

Time
20-30 minutes

Suggested Group Size
Entire class, with some pair activities

Materials
“My Underwater Park” coloring sheets from “Getting to Know Garibaldi” lesson 

Preparation
Read the background on MPAs and diversity and abundance

Procedure
Engage  
Review students’ learning from Getting to Know Garibaldi and California’s Coast by asking them “What in the 
ocean  do you think is the most important to protect? Do we all agree or do different people have different likes 
and dislikes? Is there a habitat or organism that they would be upset if it were to disappear from the area?  Do they 
want to see our California coast protected?”  

Explore 
Have students spend two minutes doing a “Think-Pair-Share” on how they might protect our California coast.  
(Students spend 30 seconds thinking about ideas, one minute sharing their idea to a partner, then 30 seconds  
sharing with a larger group or the entire class). Then have students share ideas that they like with the class.   
Ask students if they have heard of a MPA (Marine Protected Area).  

Explain
Ask students to look at their coloring sheet and think of how an underwater park might protect the organisms shown 
on the sheet. Have students share their ideas. Clarify that a MPA is similar to a national park on land. It has animals 
and plants (or algae) that live in it. People are allowed to visit, explore and enjoy MPAs , but like parks on land these 
parks protect some organisms from being harvested or taken out of the habitat. MPAs allow seaweeds and 
animals to grow and thrive in habitats that will allow for a variety and abundance of marine life. These protected 
areas allow marine life to eat, grow, mate and reproduce without fishing pressures. MPAs are special places 
in the ocean where marine resources can be protected now and saved for future generations. 

Have students think about and discuss some of the threats that could endanger a marine habitat?
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Elaborate 
Marine Protected Areas allow marine life to eat, grow, mate and reproduce without the pressure of harvest. 
Female fish can in fact grow older and larger within MPAs – this has been demonstrated in protected areas all over 
the world.  Older and larger female fish have many more offspring than younger, smaller fish.  Research shows that 
maintaining safe and protected habitats will allow for fish to grow older and larger.  

For example, a Vermillion Rockfish
At 7 years old, is about 14.6 inches long and may produce 150,000 offspring 
At 13 years old, is about 19.7 inches long and may produce 700,000 offspring 
At 19 years old, is about 23. 6 inches long and may produce 1,700,000 offspring. Students will explore this 
phenomenon of Big, Old, Fat, Fecund, Female, Fish (BOFFFs) in another activity MPAs = More Fishes

Have students look at their coloring sheet and count 
1.  how many different KINDS of organisms that they can find, 
2.  how many INDIVIDUALS they can find.  

Ask students if they know another term for having many kinds of organisms in one place.  Some students may know 
the term variety, but explain that biodiversity is the scientific term for variety.  Ask them if they know the scientific 
term for the number of creatures – abundance.  Have students do a “Think-Pair-Share” about the importance of 
biodiversity and abundance in a habitat, and how MPAs/underwater parks might aid in maintaining or encouraging 
biodiversity and abundance.  

Evaluate:  
Discuss how Marine Protected Areas can increase marine biodiversity, abundance and variety.

Vocabulary 
Abundance - number of individuals in a habitat or ecosystem
Marine habitats - habitats found in the ocean, natural environments of organisms; in Southern California, our 
primary marine habitats are the sandy shore and corresponding sandy bottom, sea grass beds, rocky shore and 
corresponding rocky reef, kelp forest, and open ocean 
Marine biodiversity - biodiversity is the variety of species in a region; marine biodiversity refers to this variety in the 
ocean
Marine Protected Area - MPA a special place in the ocean, similar to a national or state park on land, where people 
are encouraged to visit and explore, but where harvest of wildlife is limited
Underwater parks - areas underwater that are protected
Variety - number of species in a habitat or ecosystem
Organism-  a living species, can be a member of any kingdom of life
Species - a group of similar organisms that can produce young together
Fecund - fertile, producing or capable of producing new growth or offspring
BOFFF - big, old, fat, female fish, sometimes known as Big, old, fat, fecund, female fish (BOFFFF); larger, sexually 
mature female fish who are capable of producing more offspring than smaller, younger female fish
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Overview
Students will be introduced to the value of MPAs and the 
ecosystem approach to conservation versus management 
methods that just focus on individual species

Learning Objectives
After completing this lesson, students will be able to:
• Describe an ocean food web
• Describe the impact of losing specific species in a habitat
• Explain why MPAs use an ecosystem approach to 
conservation

Time 
30 minutes

Suggested Group Size
Entire class, individually and in small groups

Materials
Underwater Park 8.5 x 11 B&W Coloring Sheet
A projected version of the sheet
Blank paper and writing/drawing materials
Food web examples – See Resources Section

Procedure
Engage
Teacher prompt: Ask a student what he or she ate for dinner last night.  Use the information to create a quick food 
chain (or food web) on the board.  Ask students to define the drawing as a food chain (or food web).  If possible, also 
draw connections to show where there are food webs in the drawings.

Explore
Have students look over their coloring sheets and have students suggest organisms that might eat one another 
creating a food chain or food web.  Have students draw lines making connections and then as a class share the 
students’ suggestions on the projected coloring sheet.  

Explain
Identify and discuss marine consumers and producers. Marine consumers are organisms that do not make their own 
food, instead they eat the producers, as well as other others types of consumers.  Marine producers are organisms 
in the ocean like phytoplankton and seaweed that use photosynthesis to make their own food. Explain that the 
connections they make create a food web, which is just an illustration of the complex connections among what eats 
what in a particular habitat. This shows the flow of energy.

If the students haven’t already, ask them to discuss the largest producer in the image and one of the largest  
producers in the ocean – giant kelp.  Ask students if they know who eats the giant kelp.  If they do not know,  
lead them to the purple sea urchins.  Ask them if they know who eats the ever so tempting spiny urchins.  The 
not-depicted answer is sea otter, in addition to the depicted California sheephead and lobster.  Scientists often  
refer to California sheephead and these others as keepers of the kelp due to their role in protecting kelp forests  
and keeping the kelp forest habitat in balance by eating the urchins which eat the kelp. Yet these predatory  
populations are reduced from historical numbers and the urchins’ populations are growing.  

Discuss the consequences of California sheephead, lobsters, or sea otters going extinct.  What would happen to the 
abundance of urchins?  (It would increase.) What would happen to the abundance of kelp and kelp forests?  (It would 
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decrease.)  Explain that this is what has happened in some parts of Southern California – sea otters were hunted to 
virtual extinction for their thick, warm fur coats while the large California sheephead and lobsters have become less 
abundant due to overfishing.  

Elaborate
Have students take their blank papers and fold them in half – on one half, have them draw a healthy food web, and 
an imbalanced food web on the other half. In small groups, have students discuss how their healthy food web would 
be impacted if only one organism in their food web was protected. Have students then discuss if the entire habitat 
where their food web was found could be protected, how that might impact the food webs? Students will realize 
that a holistic ecosystem protection is a better way to keep habitats and all of the life within them healthy. While 
some species need additional protection or management (e.g. endangered species) an ecosystem approach ensures 
all of the components necessary for that species to survive are kept in balance or sustainable. MPAs help buffer 
against ocean threats and restore marine life and habitats. 

Evaluate
Have students identify and discuss ideal ways to protect overall ecosystem health. Have students identify some of 
the challenges in deciding to protect areas. If students bring up that sometimes it just isn’t reasonable or fair to 
protect a habitat to the exclusion of all else, acknowledge that point and tell them you will be returning to it in the 
next section.

Possible Lesson Extensions
• Have students create marine food web models by creating sculptures and connecting their creations with string 
or rope – creating a literal web.  
• Have students research an organism and use that research to complete the “Why Should I Be Saved” worksheet 
from the Resources section. 
• Have students research their favorite seafood and try to find connections to MPAs or even just to other 
species and their habitats necessary for that species’ continued survival.  

Vocabulary
Consumer - organisms that must ingest or eat others to get their energy
Ecosystem based management - a conservation approach that looks at an entire ecosystem, its living (biotic) and 
non-living (abiotic) factors and how they interact to ensure that all aspects of the habitat or ecosystem vital to its 
continued health are protected or is sustainable
Food chain - the pattern of energy moving through a habitat from a producer through a series of consumers
Food web - the transfer of energy among producers and consumers within a habitat, composed of many varying 
food chains
Marine animals - animals that live in the ocean
Marine habitats - habitats found in the ocean, natural environments of organisms; in Southern California, our primary 
marine habitats are the sandy shore and corresponding sandy bottom, sea grass beds, rocky shore and correspond-
ing rocky reef, kelp forest, and open ocean 
Marine biodiversity - biodiversity is the variety of species in a region; marine biodiversity refers to this variety in the 
ocean
Producers - organisms that use photosynthesis or chemosynthesis to produce food/sugar for energy
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Background Information 

There are many ocean stakeholders - people who have 
a stake or interest in marine resources and other ocean 
issues from an economic, recreational, scientific, environ-
mental, emotional, legal, or other perspectives. Stake-
holders’ connections with the ocean vary from person to 
person. One of the unique features of the MLPA process 
in California and the establishment of MPAs is that public 
stakeholders were instrumental in determining the recom-
mended locations for MPAs along the coastline. Because 
there are so many different perspectives and values, com-
promise was necessary. Some stakeholders were recreational divers and fishermen, while others, such as commercial 
lobster fishermen and whale watching operations rely upon ocean resources for their income. Other stakeholders 
included those whose jobs include managing and monitoring the resources of the marine protected areas, such as 
marine scientists, and those who represent ocean conservationists and aim to protect marine life for future genera-
tions. California’s MPAs were designed with input and compromise from all of these stakeholders, which leads to a 
more robust and informed system of underwater parks. 

Another reason MPAs were created was to help mitigate or avoid an issue known in conservation as the “Tragedy of 
the Commons”. Fisheries can provide the classic example of tragedy of the commons. This can happen when fish are 
in areas that are open to fishing and many fishermen act in their own self-interest and catch as many fish as possible 
until all the fish are caught, rather than looking to preserve the environment for the future and create a sustainable 
fishery for years to come by limiting each person’s individual catch. “The Tragedy of the Commons” was initially  
proposed as a hypothetical model to illustrate a much larger societal problem. In early English history, there was  
often a common pasture (the commons) where all members of a community could take their livestock for grazing. 
Each individual farmer was motivated to use this pastureland for his animals to get the maximum benefit possible. 
However, as more animals used the resource, the pasture became trampled and overgrazed until there was no grass 
left for anyone. Therefore, if each farmer was motivated simply to maximize personal benefit, and thus used the 
pasture as much as possible, the pasture or commons soon became of no use to anyone. 

Similarly, the ocean’s supply of fish is a common resource that is rapidly being depleted. The basic issue is that since 
1950, the fishing industry has quadrupled its catch. According to the United Nations, 15 out of 17 world fisheries are 
overfished or depleted. Ninety percent of the large fish species in the oceans have been fished out, or fished to the 
point that the fishery can no longer sustain their populations in the last 50 years. In short, fish are being taken from 
the oceans faster than they can reproduce and grow. Many fisheries have already seen collapses. This results in over-
exploitation. When areas like MPAs are set aside there is less damage to the overall fish stocks and the community is 
able to obtain continued ocean resources, and certain areas (MPAs) act like an insurance policy ensuring that there 
are areas which still provide safe habitats for marine life. Historically, the fishing industry looked for the most effective 
and efficient ways to catch as many fish as possible. With technological advancements, fishing pressure in many areas 
has become stronger than the resource can support. Only recently, have we realized that part of natural resources 
management needs to include taking responsibility to protect the fish stock for future generations. Marine Protected 
Areas are an important tool in that protection. 

Marine Protected Areas also help to protect many species whose life cycle is diverse and uses a variety of habitats 
during its life. One example of this is the boccacio. Even though boccacio have been an abundant and adaptive  
rockfish, they have suffered from overfishing and their population has benefited from fishing regulations. Boccacio  
occur in coastal waters from Baja California, Mexico, to Alaska. An area of scarcity off northern California and  
southern Oregon separates the northern and southern segments of the population. Genetic analyses indicate that 
bocaccio from southern California and central California (Monterey) are a well-mixed population, but do not mix 
extensively with fish sampled from Washington waters (Russ Vetter, NMFS, SWFSC, personal communication). 

Bocaccio do not show strong habitat specificity. Adults (both in schools and singly) are most frequently found in 
association with rocky areas, from near-surface to depths exceeding 100 fathoms. Offspring (larvae and early  

II. Swimming into the Science of MPAs
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juveniles) are pelagic until early June, when they move toward the shore and settle to the bottom where they devel-
op as juveniles. They grow rapidly, but typically take five years to mature. Juvenile bocaccio (age three to six months) 
sometimes form dense schools in the nearshore area. Bocaccio are one of most mobile rockfish species and are 
capable of moving freely throughout the range of the southern stock. 

They serve as prey to larger organisms, including marine mammals, and juvenile bocaccio can at times provide a 
significant component of seabird diets. Bocaccio are predatory fish and consume a wide variety of smaller fishes, 
including adults and juveniles of many species of rockfish including bocaccio. Due to this long and varied life cycle, 
bocaccio are subject to pressures from habitat degradation and overfishing throughout their life. Because of their 
vulnerability to pressures, Marine Protected Areas are an important tool in protecting species like the bocaccio.

Science plays an instrumental role in identifying areas for protection by synthesizing decades of peer reviewed 
scientific studies. Science, through research and monitoring of MPAs, will continue to ensure that the size, spacing 
between, and habitat protected in MPAs of California’s network are sufficient to promote recovery of key species 
and habitats. 

The scientific understanding of marine reserves and other protected areas is growing rapidly. Worldwide, science 
has shown that by protecting sensitive and important ocean and coastal habitats through ecosystem-based man-
agement, marine life flourishes and in turn, creates a healthier system overall. These healthy ecosystems can then 
provide both environmental and economic benefits for everyone. As indicated in the Marine Life Protection Act 
(MLPA): 

Fish and other sea life are a sustainable resource, and fishing is an important community asset. MPAs and sound 
fishery management are complementary components of a comprehensive effort to sustain marine habitats and 
fisheries. 

Marine life reserves are an essential element of an MPA system because they protect habitats and ecosystems, 
conserve biological diversity, provide a sanctuary for fish and other sealife, enhance recreational and educational 
opportunities, provide a reference point against which scientists can measure changes elsewhere in the marine 
environment, and may help rebuild depleted fisheries. 

Conducting ecological and social research will be critical in determining the effectiveness of California’s marine 
protected areas. The MPA Monitoring Enterprise leads the development and implementation of impartial, 
scientifically rigorous research and monitoring plans. Find out what research is being conducted and where at 
http://oceanspaces. org/explore 

Collaborative stewardship including monitoring and citizen science by regional organizations is a key strategy to 
secure enduring protection. Heal the Bay and other groups such as Orange County Coastkeeper, WILDCOAST 
in San Diego, and Santa Barbara Channelkeeper have established MPA Watch programs to monitor and gather 
observational data on human activities in and around MPAs through trained volunteer scientists. This data helps 
inform MPA managers about how California’s MPAs are being used and where targeted education and enforcement 
might be needed to help facilitate compliance with these underwater parks. 
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Adapted from National Geographic Education’s Marine Protected Area: Stakeholder Debate

Overview
This lesson looks at the process of creating MPAs using the input of multiple stakeholders via student participation 
in a mock stakeholder meeting and debate.  

Learning Objectives
After completing this lesson, students will be able to:
• Describe the process of creating or establishing guidelines engaging multiple stakeholders

Time 
2 class periods – one for research & one for mock stakeholder process

Suggested Group Size
Individual students will each serve a specific role within the class

Materials
Access to the internet queued to a video or podcast from our resources section
Video projector
1 copy of “Which Stakeholder am I?” worksheet per student 

Preparation or prior knowledge
A discussion of how laws are made and implemented can be helpful to this lesson.     
 

Procedure
Engage 
As a class, view one of the videos or podcasts found at the end of the lesson. After the video, have the students 
discuss why it matters to them.  Ask them if they think they should have a say in laws related to ocean 
protection. Why or why not?

Explore
Identify that stakeholders are individuals who will be impacted by a decision or have a stake in the decision.  Select 

II. Swimming into the Science of MPAs  |  
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one of the video segments and create a summary or graphic organizer of who the stakeholders are and why MPAs 
are important to those stakeholders. Do any two or more of those stakeholders express similar values for MPAs? 
Have students create individual cards for each of the identified stakeholders. 

Explain
Look at the stakeholder cards created by the class and determine which should be categorized together via similar 
backgrounds, interests, or concerns (for example boaters, anglers, commercial fishermen, etc.). Ask students how to 
explain how they organized or classified the stakeholders and why they would classify them the way that they did? 

Have students develop a summary statement that represents one or more of the stakeholder groups that they have 
sorted.  Make sure the summary statement includes why MPAs are important to that group.

Have students discuss which stakeholder group they most relate to and why.  Have students complete the “Which 
Stakeholder am I?” worksheet page 36.  

Elaborate
Have students research the position of the stakeholder that they most identified with and have your class host a 
mock stakeholder process meeting by having students taking on the roles of individual stakeholders.  For those 
students who didn’t strongly identify with one group or another, have them run the meetings (they will need to 
research this process as well).  
1.  As part of preparing for their roles have the students contact the person they are representing, or someone
in that type of role and ask them about the role they served as a stakeholder.
2.  Identify a portion of the coast and the issue to be discussed, that will effect the establishment of a MPA.   
3.  Use one class period to allow students to share their recommendations and collaborate to establish the 
boundaries for an MPA using each of their unique viewpoints. Remind students that unlike a mock trial, there are 
no winners or losers in this process, except the ocean. At the end of the class period the students must make a 
recommendation of one area for the MPA. It is up for debate as to where, how large, what habitats are 
protected and what exactly is allowed in the MPA (such as different types of fishing or research). 

In the actual stakeholder process, participants were given science guidelines to help them develop their MPA 
recommendations. You may want to present some similar ones to your students. For example, you might want to 
give them size range requirements minimum 3 square miles, maximum 18 square miles, for the South Coast Stake-
holder Group. The environment performs better with larger boundaries, but the compromise may have a negative 
economic impact. Another guideline used might be minimum number of habitats protected or a minimum area of a 
specific type of habitat. Establishing science guidelines can help frame the discussion and clarify tradeoffs. Providing 
a goal will help to guide the students.

Evaluate
Have students assess how successful they felt they were in representing their stakeholders’ viewpoints and getting 
them incorporated into the creation of the MPAs. If they were meeting facilitators have them assess how successful 
they thought they were in that process. Have students discuss as a class the pros and cons of involving so many 
stakeholder opinions and voices in the creation of MPAs. 

Extension
• Have students research the list of stakeholders that took part in the South Coast MLPA Process using the 
Stakeholder List from the South Coast MLPA Process list in the Resources section before performing the 
stakeholder debate.
• Have students interview members of their community to see how they feel about ocean protection and use 
those viewpoints to inform their stakeholder role.   
• Invite the stakeholders represented to your mock meeting and ask for their evaluation of the effort. 

Vocabulary
Stakeholder - an individual or category of individuals that will be impacted by a decision and have a “stake” in the 
issue or resource
Facilitator/facilitation - A facilitator is someone who helps to make something happen by guiding a process, 
facilitation is the act of helping and guiding the process
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Overview
Through a variety of activities, games, and discussions, 
students will explore the impact of fishing on the ocean 
and the role MPAs can play in alleviating this pressure.  

NOTE: For Learning Objectives, Time, Suggested Group 
Size, Materials, and Preparation see individual lesson 
components.

Procedure
Engage
MPAs = More Fishes Activity
Explore 
Avoiding a Tragedy of the Commons Activity 
Explain 
Ensuring the Life Cycle is Unbroken – Bocaccio Activity 
Elaborate 
Estimating Fish Populations Activity
Evaluate 
Visualizing Knowledge Activity

Engage 
Activity: MPAs = More Fishes

Learning Objective
At the end of the activity, students will be able to:
• Explain how Marine Protected Areas provide habitat for fish to grow larger, older, produce more eggs and have 
more offspring.  

Background Information
One very important impact marine reserves have is that fishes have the opportunity to grow bigger than in 
unprotected areas because they are not targeted by fishermen.  This is important because larger animals produce 
more eggs resulting in substantially more babies than smaller animals produce.  Marine reserves typically have larger 
abundance and diversity of fish.  To be successful, MPAs should provide habitat for the different life stages of a fish.

Time
5 - 20 minutes

Materials
Prepared in advance stuffed fish with strings of “babies” (not included) to represent number of eggs laid/year and 
images using the directions in the resource section

Procedure
Ask the students “How many of you like to eat fish?  
Do any of you catch your own fish?
How do you decide when to keep a fish or to throw the fish back?”

Hold up smallest fish.  
Ask the students if you or someone caught this fish would you keep it to eat?  How many eggs do you think this fish 
will produce in a year?  If a group, get them to each guess. Show the string with number of babies produced and 
explain each “baby fish” represents 10,000 eggs.

II. Swimming into the Science of MPAs  |  
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What would happen if you threw the fish back and let it grow larger for a few years, and when you caught it again it 
was this size? 

Hold up medium sized fish.
Repeat the question: If you or someone caught this fish would you keep it to eat?  How many eggs do you think this 
fish will produce in a year?  If a group, get them to each guess.  Show the string with number of babies produced and 
explain each “baby fish” represents 10,000 eggs.  Compare the length of “baby fish” strings.
What would happen if you threw the fish back again and let it grow larger for a few 
more years, and when you caught it again it was this size? 

Hold up large sized fish.  
Repeat the question: If you or someone caught this fish would you keep it to eat? How many eggs do you think this 
fish will produce in a year? Show the string with number of babies produced and explain each “baby fish” represents 
10,000 eggs. Compare the three fish and the strings of “baby fish” that they would produce in a year. Ask the partici-
pants what can they tell about fish productivity when compared with size of fish.

Vermillion Rockfish size of fish # of offspring per year
19 years old  23. 6 inches 1,700,000 offspring
13 years old 19.7 inches 700,000 offspring 
7 years old 14.6 inches 150,000 offspring
  

Discuss with the students whether they think there should be areas for fish to grow bigger and have more babies? 
Identify that these are Marine Protected Areas. When the fish produce more offspring then fill the protected area, 
some end up outside of the MPA where fishermen can catch them. When this happens the fishermen benefit from 
the MPA as well. 

Note: This correlation isn’t true for all fish, but it is true for many fish, including the kelp bass and rockfish that are 
important for healthy food webs in our coastal waters. 

Extension 
• Have students draw a representation or model of what they learned how marine protected areas can help fish and 
fishermen. 
• Have students interpret the graph and then use it to create their own fish models for sheephead or kelpbass. 
• Have students develop a graph of size vs. productivity of sheephead and kelpbass from “Using GIS Mapping of 
the Extent of Nearshore Rocky Reefs to Estimate the Abundance and Reproductive Output of Important Fishery 
Species” (see Resources section). Keep in mind that in preparing their work they will want to be effective in com-
municating the science with their audience. Brainstorm in advance strategies that they can use to be more effective 
including color, wording, images, etc. 

Evaluate
Have students share their graphs with partners and discuss what they used to be effective communicators.



Explore 
Activity: Avoiding a Tragedy of the Commons

Learning Objective
At the end of this activity, students will be able to:
• Explain why sharing natural resources between two or more parties is complicated and how through planning and 
management fish stocks can recover from overfishing and other human caused impacts.

Time
1 – 2 class periods

Materials
Fishery facts information sheet:    
http://www.pbs.org/emptyoceans/educators/activities/docs/Fishing-fishery-facts.pdf
Science Daily: Ending the Ocean’s Tragedy of the Commons: 
http://www.sciencedaily.com/releases/2010/09/100914095930.htm
Science Daily:  One Solution to Global Overfishing
http://www.sciencedaily.com/releases/2012/03/120319163807.htm
Empty Oceans, Empty Nets:
http://www.pbs.org/emptyoceans/eoen/index.html
A fun PSA that drives home the importance of thinking beyond our own action:
http://www.shiftingbaselines.org/mpas/psa.php

• Tragedy of the Commons Activity Sheet 
• 16 crackers or cut out fish for each group of four, plus additional fish for reproduction at the end of each  
fishing season
• Four spoons
• One pencil or  crayon
• One bowl for each group

Procedure
Have students read Tragedy of the Commons: A Brief Overview before they play the Let’s Go Fishing! A “Tragedy of 
the Commons” Simulation. Using the questions on Tragedy of the Commons Activity Sheet, have a clas s discussion 
about tragedy of the commons and the role MPAs might play in protecting against this phenomenon.

17
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Let’s Go Fishing!  A “Tragedy of the Commons” Simulation
As the head of your family, you need to fish for food.  The nearest fishing spot is a small, pleasant cove that currently 
supports 16 fish.  There are four families that rely on this cove for their food and living.  They fish in the morning, after 
which time the remaining fish reproduce…one offspring per fish in the cove.

PART 1
Directions: 

• Go to your lab table with your partners. However, you will work individually, as you represent your own family.  
 Four families per table.
• On your table find 4 fishing poles (spoons), a crayon (for part 2), and a cove for fishing (bowl). 
• The oldest person goes first. Each fisherperson may take as many or as few fish as he/she wants during their   
 turn, but more than one fish is needed to feed each family. The morning of fishing will last no more than 10  
 seconds, but you don’t have to use the full time. 
• If you catch one or no fish your family will starve. Two or more fish feed your family.
• At the end of the morning’s fishing, double the number of remaining fish to simulate reproduction. The oldest   
 person will reproduce the fish.
• Fish for two more days.
• Rotate your fishing order so everyone has a chance to go first.
• No talking is allowed during fishing.
• Fill in the table below, as you fish.

Common Cove: Part One Table

Morning # of fish at 
start

# of fish 
taken by 
1st fisher

# of fish 
taken by 

2nd fisher

# of fish 
taken by 

3rd fisher

# of fish 
taken by 

4th fisher

Total fish 
left at end 

of day

1

2

3

Totals

PART 2
For this second round, part of the cove is protected. 

• Mark off the section where no fishing is allowed by placing a pencil or crayon in the bowl as the divide between  
 the area of open fishing and the marine protected area (no fishing). 
• Ensure there are fish in both the open fishing area and the marine protected area 
• Students may continue to fish taking turns as in Part 1, fishing only within the cove open to fishing. 
• At the end of each day of fishing remember to have the fish reproduce.
• When the marine protected area fish population reaches 16, it represents “carrying capacity” and the fish 
 beyond 16 can “spillover” into the adjacent open fishing area of the cove.
• Once the population of fish in the cove exceeds 16 allow the extra fish “spillover” into the adjacent open fishing  
 area of the cove.
 • Fill in the table below as you fish.

Common Cove: Part Two Table 

Morning # of fish at 
start

# of fish 
taken by 
1st fisher

# of fish 
taken by 

2nd fisher

# of fish 
taken by 

3rd fisher

# of fish 
taken by 

4th fisher

Total fish 
left at end 

of day
1

2

3

Totals



 (Adapted from Tori Haidinger; retrieved 6/05/10 apcentral.collegeboard.com)
Analysis (Think about your data and discuss these questions at your table.)

1. Did this activity accurately portray what you think would happen in a fishing community?  Why or why not?

2. Did all fisherfolk fulfill their needs? If not why not?

3. If people were fishing in their own cove would they have behaved any differently?  Why or why not?

4. What happened the first time you went “fishing”?
 
 a. How does this relate to overfishing?

5. Why are there time limits and what does the time limit represent?

6. How did you plan your actions and strategies before each harvest? 

7. Did anyone sacrifice the number of fish caught for the good of the community?  Why or why not?  Does society  
ever reward that type of person?

8. Mathematically, what is the best strategy for harvesting the natural resources?

9. What did you observe about the fish in the protected area?

10. How is this a model for sustainability?

11. Did the marine protected area benefit the fishing area? How? Did you think it was a good idea? Why?

12. Think of a local commons that you are familiar with (parking lot, park, school bathroom, etc.). Do similar situations  
arise? Explain how those problems might be solved.

13. What are some natural resources that are common resources?

14. Can you think of other examples of common resources that have been exploited by people?  

15. Renewable resources are no longer renewable if we overuse the resource.  What strategies can be used to 
prevent “the tragedy of the commons?” 

16. Create a phrase or skit that communicates one of your strategies for preventing the tragedy of the commons.

Extension:  Play Voices of the Bay Fisheries Activity for more in depth learning about fishing impacts: 
http://sanctuaries.noaa.gov/education/voicesofthebay/pdfs/balanceactivity.pdf
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Explain
Activity: Ensuring the Life Cycle is Unbroken – Bocaccio

Learning Objective
At the end of this activity, students will be able to:
• Explain why protecting a diversity of habitats and the organisms in those habitats is needed, in order to protect 
species throughout their lifetimes 

Background
The bocaccio, a rockfish found along our coast, is an example of how a species uses more than one habitat through 
its life cycle.  They settle in a new home during each stage of their life even though the adult fish are fairly station-
ary.  As they hatch they are planktonic, then as a young fish most bocaccio live in shallower waters with algae or sea 
grass or under kelp paddies.  As they age they move into deeper water with boulder fields and rocks. To protect the 
species, the different environments have to be available in close enough proximity to one another.  The movements 
of animals among them connect the habitats to one another.  All habitats used by fish and invertebrate species 
throughout their lives must be protected for a marine reserve to successfully protect the species living there.
 (adapted from http://www.nmfs.noaa.gov/pr/pdfs/species/bocaccio_detailed.pdf)

Time
1 – 2 class periods

Materials
Prepare in advance: 
1.  Separate pieces of the bocaccio life cycle stages taken from drawings found in The Science of Marine Reserves, 
PISCO “Life Cycle of Bocaccio” - one per student or student pair 
http://www.piscoweb.org/files/images/pdf/SMR_US_HighRes.pdf (Pg 12 – 15) - one per student or student pair

Bocaccio background information for each group: 
2.  Copy of fishbase information on bocaccio found at 
http://www.fishbase.org/summary/Sebastes-paucispinis.html  ..... (through section “human uses” section)
3.  NOAA Species of Concern: Bocaccio found at http://www.nmfs.noaa.gov/pr/pdfs/species/bocaccio_detailed.pdf
4.  Bocaccio Species Overview summary
5.  Table of reproduction lengths (add LM=length at first maturity)
http://fishbase.sinica.edu.tw/Reproduction/MaturityList.php?ID=3987&GenusName=Sebastes&SpeciesName=pau-
cispinis&fc=573 
6.  Text only from PISCO bocaccio life cycle from “The Science of Marine Reserves” 
http://www.piscoweb.org/files/images/pdf/SMR_US_HighRes.pdf
Bocaccio Life Cycle Data Sheet – one per student or student pair 
Bocaccio Species Overview – one per student pair
Computer access to Marine Map MPA site descriptions
 
Procedure  
1. Have students put the bocaccio life cycle images in sequential order and describe the sequence to their partner 
in one or two sentences. Have partner teams develop one (or more) key question they have about bocaccio. 
2. Explain how fish, just like all animals, have a basic task — to reproduce. Add time elements to the life cycle and 
identify the changing needs of the fish at different stages of life.
3. Have students use the reference materials to read about the natural history of the bocaccio including its range 
(where it is normally found), complete the data chart. 
4. Using their data sheet have students create a diagram or model that shows the habitat changes at different stages 
of the bocaccio’s lifecycle. 
5. Have students share their findings with the rest of the group and discuss which factors are important to consider 
when planning for all of the life cycle stages of the bocaccio. 

Extension
Have students use Marine Map (http://southcoast.marinemap.org/marinemap/) and compare the resources found 
in specific marine protected areas with the habitat descriptions needed for the different stages of the bocaccio 
life cycle. 



Elaborate
Activity: Estimating Fish Populations
Adapted from from Carolyn Newkirk Wildlife Sampling Activity

Activity Overview 
Have students work in small groups of three or four to complete this lab. This lab will simulate the capture-
recapture method of population sampling incorporating math and science benchmarks. It can be used as in introduc-
tory lesson to population sampling and to begin discussions of how scientists use data to make decisions regarding 
protected areas and wildlife management. The math expectations can be challenging so students will need prior 
knowledge of how to solve proportions. 

Learning Objectives
At the end of the activity, students will be able to:
• Explain how scientists sample fish populations to estimate population size

Materials
Small bowl
Dried beans or two colors of M&Ms (not almond or peanut)
Paper cup
Markers for each group of 4
Estimating Fish Populations Worksheet -1 per student

Procedure
1. Ask students: How can you figure out how many animals are in an area or population?  Can we just count them all?  
Why or why not?  

2. Explain to students that every fish cannot be captured and counted in a large body such as the ocean so sample 
(subsets) are taken and used to estimate the total population of fish.

Ask them: How do you think scientists can tell us population numbers for different species?  Often they sample the 
population.  Explain that managing fish populations requires knowing how many fish are in an area and determining 
how the population changes over time. Demonstrate the more samples that are taken the more accurate the 
estimate can be. Tell your students they will simulate the sampling technique as they explore this process.
For this, they will work in small groups using a student recording sheet to collect data for the lab. 

After students present their materials and data sheets to the rest of the class, ask the class to select components 
that together would create the ideal data sheet and materials supply list. Discuss how scientists gather data over 
time, and that often it can take years before determining a pattern or trend, showing how a species is doing.

1. Work as a group to create a modified data sheet you could use to sample the fish to determine not just numbers 
but ages (size) of the fish.
2. What other factors would you record to ensure your data can be compared with another scientist’s data from 
the same location? What are the site indicators you might want to include? 
3. List the materials you would use to sample fish populations in the natural environment.
4. For more samples, have students all start with the same “population” and then use all the data to calculate your 
average. Does it get closer to the true number? 

Extension
How does precision versus accuracy apply in science? 
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Evaluate
Activity: Visualizing Knowledge

Activity Overview
Assess student understanding as students work in a team to create a visual (mural, infographic, cartoon or other 
method) showing the benefits of an MPA. Compare the current mural with those created in California’s Coast to 
demonstrate knowledge gain. 

Learning Objectives 
Students will demonstrate an increase in knowledge of how Marine Protected Areas benefit the ecosystem

Procedures
1. Share example of how images can convey a message using the diagrams shown in Current, vol. 26, Number 2, 2010 
“How Marine Reserves and Networks Protect Ocean Resources”, Pg 24 – 25. 
http://marineprotectedareas.noaa.gov/ pdf/helpful-resources/education/current/current_jun_2010.pdf 

2. Have students discuss infographics that they have noticed and they feel are effective communication tools.  Info-
graphics have also become powerful tools in communicating complex topics easily and quickly (and are often great 
examples of STEAM – Science, Technology, Engineering, Art, and Math - in action!). 

3. Have students look at some of the great MPA and ocean-related infographics and discuss what works and what 
doesn’t.  What are the most effective types of messages, what types of colors, font and use of space works well.  
Examples of ocean related graphics can be found at: 
http://geodata.grid.unep.ch/images/Ecosystem%20Management%20-%20Protected%20Areas.png 
http://wwf.panda.org/?201819/Infographic-Marine-Protected-Areas-in-the-Coral-Triangle# 
http://wwf.panda.org/_core/general.cfc?method=getOriginalImage&uImgID=%26%2AR%2C%26%21NG1%0A 
http://geodata.grid.unep.ch/extras/posters.php 
http://www.oneworldoneocean.com/blog/entry/plastics-breakdown-an-infographic#.UidCoGRESbg 
http://www.davidsuzuki.org/publications/downloads/2011/Finding_Solutions_Summer11_Two_Coasts_Infographic.pdf 
http://www.pewenvironment.org/news-room/other-resources/osprey-reef-time-to-go-deeper-mr-burke-85899435539 
http://www.cherishonline.co.za/wp-content/uploads/2012/07/infographic_large.jpg 
http://thenaturalnumbers.org/sardines/ 

4. Tools to help create infographic using online include:  
http://www.easel.ly/ 
http://visual.ly/ 
http://prezi.com/
http://piktochart.com/ 

5. Evaluate the visual presentation for important knowledge gain, demonstrating an understanding of the relation¬-
ship between MPAs and increased biodiversity, species size and abundance, protection of the ocean for present 
and future generations. 
 
Suggested Grading Rubric for Murals or Infographics

Clarity of information Biodiversity Species size Habitat protection time

1
Student visual product 

is unclear and difficult to 
understand

Value of MPAs in pro-
tecting biodiversity is 

not expressed

Value of MPAs in allow-
ing species to reach large 

sizes is not expressed

Value of MPAs in 
protecting habitats is 

not expressed

Value of MPAs in pro-
tecting ocean resources 

for the present and 
future is not expressed

2
Student visual product 

is clear and easy to 
understand

Value of MPAs in pro-
tecting biodiversity is 

expressed

Value of MPAs in allow-
ing species to reach large 

sizes is expressed

Value of MPAs in 
protecting habitats is 

expressed

Value of MPAs in pro-
tecting ocean resources 

for the present and 
future is expressed 

3
Student mural or infograph-
ic excells in its communica-

tion of information

Value of MPAs in pro-
tecting biodiversity is 

expressed very clearly 
and compellingly

Value of MPAs in allow-
ing species to reach large 

sizes is expressed very 
clearly and compellingly

Value of MPAs in 
protecting habitats is 

expressed very clearly 
and compellingly

Value of MPAs in pro-
tecting ocean resources 
for the present and fu-

ture is expressed clearly 
and compellingly



Vocabulary for Swimming into the Science of MPAs

Benthic - on the bottom or happening near the bottom
Capture/recapture - to collect, release and recollect at a later time 
Carrying capacity: - the number of organisms that an ecosystem or habitat can support
Common resources - resources or items that everyone in a community shares
Commons - a shared resource or region
Dimorphic - existing or representing two distinct forms
Exploited - make full use of a resource to its or the environments detriment
Fecundity - number of babies able to reproduce
Fish stocks - population of a particular species or type of fish
Genetic analysis - researching the genes of the organism
Habitat - location where an organism or community normally lives
Harvesting - to gather a crop from where it’s grown, usually a food item
Infographic - an image or group of images that depicts information, often in analytical form
Internal fertilization - fertilization that occurs within the female’s body
Life cycle or Life stages - the life of an organism from birth to death; some organisms go through complex, many  
stage life cycles
Marine Protected Area - an area of ocean and/or ocean shoreline protected from human activities in order to 
conserve a natural resource or historically significant area; protections and restrictions on that area can vary, but 
almost all are still open to non-consumptive use, i.e. they can be visited but nothing can be taken or hurt in the area
Marine Reserve - a type of marine protected area that is protected from fishing
Metamorphose - transformation from larval to an adult organism in two or more stages
Model: - a representation or example of an item or situation
Natural history - an understanding of what an organism is, what it does and what it is connected to; understanding  
of its “story”
Natural resources - items that come from the environment
Over-exploitation - to work something too hard or use too much of something
Overfishing - fishing an organism beyond its capacity to replenish itself, leading to extreme reductions or even 
extinction of a species
Ovoviviparous - producing young by eggs that are hatched within the body of the parent
Planktonic: - free-floating organisms moved by the tide or currents
Population - the abundance of a particular species or group of species
Proportion - a portion of a number with respect to a greater whole, a percentage
Recapture - something that has been taken, let go, and recaught
Range - an organism’s territory or environment where it finds its resources
Recover - populations return to historic levels
Renewable resources - items that can be harvested sustainably 
Reproductive length - length at which a fish typically is able to produce young
Sampling - take a smaller portion  of something, that represents the whole group often used in respect to research
Sampling population - the group of individuals you are taking, counting and/or studying
Simulate - to pretend to act in a way that copies a real action in the world, to imitate
Simulation - an imitation or representation of something, usually a process or an act
Spillover - overflow from one area to another
Sustainability - the act of being able to continue a behavior
Sustainable - a behavior that can be continued without having detrimental impacts
Tag - attach a device to identify the fish has been caught and released; some electronic tags are used to monitor 
movement of fish
Targeted - the sought after species
Tragedy of the Commons - a term describing a situation where everyone shares a resource, but no one bears the 
responsibility for caring for it
Visual media - methods of communication that can be seen
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III. MPAs and YOU

The creation of a system of Marine Protected Areas in California was 
not undertaken lightly, nor was the selection of geographies random. The 
ocean is at risk from a variety of human actions from overfishing to global 
climate change.  It is hoped that the creation of MPAs will help to buffer 
the ocean from these negative impacts or allow it to be more resilient to 
other stressors.  After all, the ocean is important for all it provides food, 
oxygen, medicine, transportation, jobs, cultural connections and recre-
ation for billions of people, as well as driving global weather patterns and 
the water cycle that brings us water to drink.  The creation and enforce-
ment of MPAs should help protect all of those ocean services for us and 
for generations to come.  

In general, people tend to protect things that they love.  It’s hard to 
love those things with which you are not familiar, or things with which 
you have no experience.  This section of the curriculum outlines some 
opportunities for students to experience MPAs and the ocean. It is 
hoped that once students have direct experiences with the ocean, they 
will want to play a greater role in its protection.  This is why the final 
lesson of Protecting Our Undersea Legacy: MPAs in Southern California 
offers students opportunities to think about their experiences with MPAs 
and how they might play a role in ocean protection.  Simple student 
activities outline ways to get students involved in ocean conservation.  
This section offers a small sampling of ways for students to get involved.  

Please contact any of the organizations that partnered to create this 
curriculum for more opportunities to experience Southern California’s 
coastal ocean and our local Marine Protected Areas, as well as opportu-
nities to get involved in ocean stewardship! 
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Overview
There are few things as compelling as first-hand experi-
ences. In this lesson, students will learn ways that they 
can interact with MPAs themselves, and ways to share 
their experiences with others. In this lesson, teachers 
can assign as homework activities or work as a class to 
explore MPAs.  

Learning Objectives
Students will describe a virtual or real experience in an 
MPA a virtural experience including providing a clarifying  
reason to protect our CA coast 

Time
Variable

Suggested Group Size
These activities can be completed individually, in small learning groups, or as an entire class. 

Materials and Preparation 
Activity dependent

Preparation
Activity dependent

Procedure 
Engage 
Now that we have learned about the creation of MPAs and our amazing coastal California ocean, let’s talk about how 
we can interact with these important areas. What would you like to see or learn more about? 

One way to help protect our ocean resources and MPAs is to personally explore them and then to be able to share 
their wonder through first-hand storytelling of your experience. 

Explore 
Think, pair, share about a trip you have taken to a protected area in nature (maybe a state or national park, a marine 
reserve or other area).  What was this area like? What was your favorite part of the experience? 

Explain
Option 1 – Visit an MPA!
With your family, friends or class, visit a local Marine Protected Area or Marine Sanctuary.  See the maps in this guide 
(pg 02) or visit http://www.californiampas.org/ or http://www.californiampas.org/ to find the area closest to you!  

Option 2 – Virtually visit an MPA!
Another option is to use Google Earth to explore California’s MPAs. Google Earth has created a layer to use to 
explore our MPAs: earth.google.com/gallery/kmz/ca_marine_protected_areas.kmz California State University – 
Monterey Bay has created some virtual tours of California Marine Protected areas further north. Visit their EcoViz 
website at http://ecoviz.csumb.edu/home/#CACoast to virtually tour them.  

Option 3 – Scientific exploration of an MPA
Combine your visit to an MPA with a community science experience.  Community science (also known as citizen 
science) uses the power of the public and the resources of the many to maximize the amount of information 
scientists can gather about a region, a species, or conditions.  By participating in a community science project, you 
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can put your observation skills to good use and help scientists collect data while you visit an MPA. There are many 
opportunities, some locally based and some nationally based, to participate in community science. Some notables 
include:  

• LimPETS – Long-term Monitoring Program and Experiential Training for Students is a program that trains 
teachers and students to monitor either a rocky intertidal or sandy beach along the California Coast.  
http://limpetsmonitoring.org/

• The Great Backyard Bird Count is a joint program organized by the Audubon Society and The Cornell Lab of Orni-
thology. The program asks volunteers to count birds for one weekend in their neighborhoods, schoolyards, local parks, 
beaches or anywhere else they might want to explore! One of the largest community science projects in the world, 
the Great Backyard Bird Count crosses borders and includes birders throughout North America. Web-based resourc-
es are offered to help increase your birding skills and help you add to the count. http://www.birdsource.org/gbbc   

• Grunion Greeters is a southern California citizen science project coordinated by Pepperdine University researchers 
with a host of non-profit, government and community organizations partners. This long-term project involves hundreds 
of volunteers to study the spawning activity and habitat of the California grunion. Volunteer Grunion Greeters 
witness and record environmental conditions and grunion behaviors as they monitor sandy beaches along the 
Southern California coastline. This project has helped to spur community awareness and support for healthy and 
protected beaches. http://grunion.pepperdine.edu/

• MPA Watch is a citizen science program started in the LA-area by Heal the Bay, but has since expanded through-
out Southern California.  By walking along beaches and surveying ocean users, volunteers combine their love of 
the beach and ocean while collecting valuable scientific data.  Collected data helps inform MPA management and 
supports the California Department of Fish and Wildlife. http://www.mpawatch.org/

To find more community science opportunities, check out:
http://www.scientificamerican.com/citizen-science/ and http://www.citsci.org/
www.usc.edu/org/cosee-west/resources2011”commscienceCommunity

Option 4 – Visit a local aquarium, zoo or nature center
Sometimes it’s just not possible to visit an MPA, but there are other ways to experience the life and habitats they 
have to offer! Our local Southern California aquaria, as well as some of our local zoos, science and nature centers 
display the animals and habitats found in MPAs. These facilities can make marine life easily accessible, and they have 
people available right there to help answer any questions you might have. These sites can be a great way to explore 
Southern California’s marine neighbors. The partnering aquaria that developed this resource are a great way to start!

Explain  
Whether told by a friend, a family member or even a stranger, people tend to trust stories and anecdotes when they 
hear them in person over any other method of communication. When you explore a MPA and communicate your 
experience, you can use your voice as a tool in protecting these amazing places. Think about some of the things 
you know from talking to other people. Are there some stories that have changed your mind about a situation or 
a person that surprised you? Take a few moments in class to discuss with a neighbor a time when a story changed 
your viewpoint on a situation.   

Elaborate
Using observations from your explorations, write about a memory or an experience that you found compelling or 
moving. Before putting pen to paper, discuss how you can use your story as a tool to protect our ocean resources. 
Who or how can you share it with as many people as possible?  Who do you think needs to hear your story the 
most? As you write, make sure to use descriptive language, adjectives and adverbs, to bring your experience to life 
for your reader.  



Vocabulary
Community science - science that uses members of the community to gather data or perform scientific analysis; 
sometimes called citizen science because it uses the residents or citizens of a particular area to perform the science 
instead of only scientists 
Marine sanctuary - a specific type of marine protected area where certain behaviors like fishing or dredging are not 
allowed, the specific protections can vary among sanctuaries
Virtual - being similar or simulated, often used in reference to computer activities that simulate activities in the real 
world  

Evaluate
Teachers: Look over student work and examine it for genuine anecdotes and first person experiences.

Suggested Grading Rubric for Persuasive Anecdotes

personal perspective descriptive language protection message
1 Student has not written about a 

personal experience
Student did not use adjectives, 
adverbs, and other descriptive 

terms

Student did not include a message 
about ocean protection tied to their 

experience

2 Student has written about a 
personal experience

Student did use adjectives, 
adverbs, and other descriptive 

terms

Student included a message about 
ocean protection tied to their 

experience

3 Student has written about a 
personal experience in a 

compelling way

Student used adjectives, adverbs, 
and other descriptive terms often 

and well

Student included a compelling 
message about ocean protection tied 

to their experience
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Overview
Students will discuss and identify ways that they can play 
an active roll in protecting our California coast and Marine 
Protected Areas.

Learning Objectives
At the end of this lesson, students will describe and 
explain behaviors that help to protect ocean and coastal 
health.

Time
Variable

Suggested Group Size
These activities can be completed individually, in small learning groups, or as an entire class. 

Materials and Preparation
Activity dependent

Procedure 
Engage 
After their introduction and exploration of our local coastal waters and MPAs, ask students how do they feel about 
protecting these areas for future generations. Have students share their viewpoints, perspectives, and reasons 
actively listening and checking for clarification. Create a list of pros and cons that summarizes why they feel they way 
they do.

Explore
Have students research the ways they can help explore the ocean.  How many of them are already doing things to 
help right now?  

Explain
Some of the ways everyone can help the ocean include:
1. Making sustainable seafood choices - Choosing sustainable seafood can help the ocean in many ways. Sustain-
able seafood is seafood that is harvested in a way that doesn’t damage the enviroment and ensures that species will 
continue to be here for future generations. Also, sustainable seafood must be harvested without harming too many 
other creatures. It can be easy to find out if that shrimp is safe or that ahi is okay, check out SeafoodWatch.org or 
NOAA’s fishwatch for more information on sustainable seafood and to download free guides. 

2. Cleanup - There are so many cleanup events throughout California. Visit the California Coastal Commission’s 
page of locations and coordinators by county: http://www.coastal.ca.gov/publiced/aab/aab2.html. You can organize 
a schoolyard clean-up as well, preventing pollution from getting to the ocean by stopping it at its source. Make sure 
students use gloves and do not pick up harmful items to keep safe while cleaning up your campus. 

3. Reducing pollution - Reduce, reuse & recycle – One of the easiest ways we can help the ocean is to use less, 
and reuse or recycle what we do use. This will keep unnecessary waste from polluting the ocean and poisoning, 
entangling or choking marine life like turtles and dolphins. 

4. Go Non-toxic and safe chemical disposal - Don’t flush those pills or pour those unknown chemicals down the 
drain, take them to a hazardous waste clean up site instead! Our storm drain system that moves water off our streets 
goes straight to the ocean without any filtering, so that’s not a safe way to dispose of anything except rainwater. Addi-
tionally, the sewage system, the system of pipes that moves water from our homes and buildings to a treatment plant, 
is designed to handle water and human waste, not harsh chemicals and a mixture of medicines. Those chemicals can 
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go right through the sewage treatment center and flow 
out into the ocean. In California, you can safely dispose of 
other pharmaceuticals and other chemicals, by contacting 
your local department of public works. 

In LA County – 1-888-CLEANLA or 
http://dpw.lacounty.gov/epd/cleanla/ 
Outside of LA County, please check out 
http://earth911.com/recycling/hazardous/ to find your 
local household hazardous waste disposal site! 

Let’s add to this list! Think of another way you can 
protect the ocean and pursue your own idea 

Elaborate
Have students compete to see who adopts the most new 
ocean safe behaviors. Have students present to their 
families, other students, or community members all the ways they can be ocean-friendly.

Evaluate
Assess students abilities to explain their behaviors’ impacts on the ocean in both negative and positive ways. 
Evaluations can include writing (descriptive prose, persuasive letters), making posters, using art to communicate 
their point, and creating ads or PSAs. 
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Video and Podcast resources

Video  
South Coast Marine Protected Areas: Humans and Nature Together: 
http://www.youtube.com/watch?v=3ynkWlZO1JE

Marine Protected Areas:  Special Ocean Places Deserve Special Protection:
http://www.youtube.com/watch?v=8wmpBK65vw4

A Three-minute intro to MPAs:
http://vimeo.com/77523573

Podcasts 
Enforcement of Marine Protected Areas  
http://www.thankyouocean.org/2011/11/07/enforcement-of-marine-protected-areas/

Managing California’s Network of Marine Protected Areas
http://www.thankyouocean.org/2011/10/24/managing-california%E2%80%99s-network-of-marine-protect-
ed-areas-mpas/

Monitoring Marine Protected Areas in the Channel Islands
http://www.thankyouocean.org/2009/01/26/monitoring-marine-protected-areas-in-the-channel-islands/

National Marine Protected Areas Center  
http://marineprotectedareas.noaa.gov/

MPA video resources 
http://www.californiampas.org/pages/resources/digitalmedia.html
Sustaining communities, connecting with nature share human connection

NOAA Ocean Media Center 
http://www.youtube.com/user/NOAAOceanMediaCenter

California’s Coast
Marine Protected Areas:  Special Ocean Places Deserve Special Protection video
http://www.youtube.com/watch?v=8wmpBK65vw4

The Southern Passage: a video about why Californians need Marine Protected areas 
http://vimeo.com/11667020

My Underwater Park Colored Poster – see below
Coloring Sheet – see below
Samples of Non-Fiction Nature Writing – see below

Resources
General MPA Resources
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name:



Non-Fiction Nature Writing Examples

“There is one marine production, which from its importance is worthy of a particular history. It is the kelp, Macrocys-
tis pyrifera. This plant grows on every rock, from low-water mark to a great depth, both on the outer coast and within 
the channels… The number of living creatures of all Orders, whose existence intimately depends on the kelp is 
wonderful.”

“A great volume might be written, describing the inhabitants of one of these beds of seaweed…  I can only compare 
these great aquatic forests of the southern hemisphere, with the terrestrial ones in the inter-tropical regions.  Yet, if 
in any other country a forest was destroyed, I do not believe so many species of animals would perish as would here, 
from the destruction of kelp.”  - Charles Darwin

“The ocean is a place of paradoxes. It is the home of the great white shark, two-thousand-pound killer of the seas, 
and of the hundred-foot blue whale, the largest animal that ever lived. It is also the home of living things so small that 
your two hands might scoop up as many of them as there are stars in the Milky Way. And it is because of the flow-
ering of astronomical numbers of these diminutive plants, known as diatoms, that the surface of waters of the ocean 
are in reality boundless pastures. Every marine animal, from the smallest to the sharks and whales, is ultimately de-
pendent for its food upon these microscopic entities of the vegetable life of the ocean. Within their fragile walls, the 
sea performs a vital alchemy that utilizes the sterile chemical elements dissolved in the water and welds them with 
the torch of sunlight into the stuff of life. Only through this little-understood synthesis of proteins, fats, and carbo-
hydrates by myriad plant “producers” is the mineral wealth of the sea made available to the animal “consumers” that 
browse as they float with the currents. Drifting endlessly, midway between the sea of air above and the depths of the 
abyss below, these strange creatures and the marine inflorescence that sustains them are called “plankton” – 
the wanderers.”
    -Rachel Carson, Undersea

“Through this sepia landscape walks a sepia animal, ghostly, along the side of a forest road.  It’s an improbable 
creature – a lion in a country famed for tigers.  If someone were watching, it might seem translucent and incorporeal, 
holographic, projected here into western India by laser gimmickry.  But no one is watching and the animal is real.  
It has substance and heft.  It’s a native deizen of a place known as Gir, the last natural refuge of Panthera leo persica, 
the Asiatic lion.”    -David Quammen, Monster of God

“June is the cruelest month in Tucson, especially when it lasts till the end of July.  This is the season when every living 
thing in the desert swoons south toward some faint salt dream of the Gulf of Mexico: tasting the horizon, waiting 
for the summer storms.  This year they are late.  The birds are pacing the ground stiff-legged, panting, and so am I.  
Waiting.  In this blind, bright still-June weather the shrill of the cicadas hurts your eyes.  Every plant looks pitiful and, 
when you walk past it, moans a little, envious because you can walk yourself to a drink and it can’t.”
    -Barbara Kingsolver, High Tide in Tucson 
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An Introduction to Marine Protected Areas

Animation on why reserves are important: 
http://newswatch.nationalgeographic.com/2012/09/25/you-can-have-your-fish-and-eat-them-too/

Why the ocean matters video:
http://video.nationalgeographic.com/video/environment/habitats-environment/habitats-oceans-env/why-ocean-matters/

An overview on the value and importance of MPAs: 
http://www.thankyouocean.org/threats/marine-life-decline/mpas/

Turning the Tide video on helping to protect the ocean for future generations: 
http://vimeo.com/10287462

Trailer for A Sheltered Sea, a video about ocean protection: 
http://vimeo.com/1051943
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Understanding an Ecosystem Approach
Food Web Examples

Additional marine food webs can be found at: 
http://www.usc.edu/org/seagrant/Education/IELessons/Unit3/Lesson5/Example01.html
http://kelpforestwebsite.weebly.com/food-chain.html
https://www.montereybayaquarium.org/PDF_files/activities/seasearchers/aquarium_ss_foodwebs.pdf
http://w3.shorecrest.org/~Lisa_Peck/MarineBio/syllabus/ch11_ecosystems/ecosystem_wp/sandybeaches_ashleyj_jessi-
ca/foodweb.html
Additional Kelp Resource guide by Dawn Navarro 
http://www.usc.edu/org/seagrant/Education/curriculum/SC_KELP_BOOKsm2.pdf

Dawn N. Ericson, 
Los Angeles and Long Beach 
Harbor Habitat; Our Biological 
Treasures

www.speakeasies.biz/deskKits.html
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MPAs – What’s at Stake?
Inside the Lines: 16 min video done before the establishment of the MPA network – shows stakeholders who use 
areas and their opinions: 
http://vimeo.com/10632305

The Southern Passage: a video about why Californians need Marine Protected areas:  http://vimeo.com/11667020

Trailer for A Sheltered Sea, a video about ocean protection:
http://vimeo.com/1051943

Interviews clarifying MPA areas in the process of establishing MPAs: 
www.vanessakaneshiro.com/?portfolio=kpcc-npr-radio-marine-protected-areas

Stakeholder List from the South Coast MLPA Process – see below

Which Stakeholder am I? Worksheet – see page 38
 

Stakeholder List from the South Coast MLPA Process
This is a listing of the members of the South Coast MLPA Stakeholder Group.  To find out more about their 
connection to the ocean you can review their nominations/applications at the link on the bottom of the page.

• Calla Allison, Marine Protection Officer, City of Laguna Beach (alternate for Ken Kearsley)
• John F. Ballotti, Member, Los Angeles Rod and Reel 
• Benjamin Beede, General Manager, The Cultured Abalone
• Philip Beguhl, commercial fishing representative, Santa Barbara County Fish and Game Commission
• Steve Benavides, Co-founder, Kelp Forest Coalition
• Bob Bertelli, President, California Sea Urchin Commission
• Julie Bursek, Education and Outreach Coordinator, Channel Islands National Marine Sanctuary (alternate for  
 Brent Scheiwe)
• Roberta R. Cordero, Co-Founder and President, Chumash Maritime Association
• Lauren Czarnecki, Lab Manager, Information Technology Manager and Research Coordinator, Wrigley Institute  
 for Environmental Studies (alternate for Wayne G. Griffin)
• Jim Dahl, Council Member, City of San Clemente (alternate for Leslie Daigle)
• Leslie Daigle, Mayor Pro Tem, City of Newport Beach and Regional Council Member, Southern California  
 Association of Governments
• W. Scott Dunn, non-consumptive recreational user, naturalist and kayak guide
• Dr. Jonna Engel, Staff Ecologist, California Coastal Commission
• Dr. John M. “Jack” Engle, Associate Research Biologist, Marine Science Institute, University of California, 
 Santa Barbara (alternate for Phyllis Grifman)
• Roy “Buck” Everingham, Owner, Everingham Brothers Bait Company (alternate for Ciro Ferrigno)
• Jenn Feinberg, Ocean Policy Consultant, Natural Resources Defense Council (alternate for Greg Helms)
• Ciro Ferrigno, Member of the Board, California Wetfish Producer’s Association
• Ray Fields, President, The Abalone Farm, Inc. (alternate for Benjamin Beede)
• Josh Fisher, commercial lobster fisherman (alternate for Phil Beguhl)
• Robert C. Fletcher, President, Sportfishing Association of California (alternate for Mike Gauger)
• Mary Jane Forster-Foley, President, MJF Consulting Inc. (alternate for David Weeshoff)
• Russell E. Galipeau, Superintendent, Channel Islands National Park
• Michael Gauger, Seaforth Sportfishing, Inc.
• Tommy Gomes, Owner, Uni Goop Bait (alternate for Bruce Steele)
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• Joel Greenberg, Southern California Chapter Chairman, Recreational Fishing Alliance (alternate for John Ballotti)
• Wayne G. Griffin, President, Catalina Island Chamber of Commerce
• Phyllis Grifman, Associate Director, University of Southern California Sea Grant Program
• Mervin “Louie” Guassac, Executive Director, Kumeyaay Diegueno Land Conservancy
• Marcela Gutiérrez, Wildlife Conservation Program Manager, WiLDCOAST (alternate for Sarah (Abramson) Sikich)
• Kate Hanley, Director of Operations and Marine Conservation, San Diego Coastkeeper
• Gregory Helms, Southern California Program Manager, The Ocean Conservancy
• Ray Hiemstra, Associate Director, Orange County Coastkeeper (alternate for Kate Hanley)
• Mike Huber, Regional Environmental Coordinator Program Manager, U.S. Department of Defense Region IX
• Ken Kearsley, former Mayor, City of Malibu
• M.J. Kennedy, Deputy Director, Kayak Fishing Association of California (alternate for Paul Lebowitz)
• R. Kevin Ketchum, General Manager, California Yacht Marina
• Eric Kett, Owner, Sea Zen Marine Consulting (alternate for Dr. Terry Maas)
• Mick Kronman, Harbor Operations Manager, City of Santa Barbara
• Paul Lebowitz, Director, Kayak Fishing Association of California
• Dr. Terry Maas, Director, Underwater Society of America and Founding Member, Sea Watch
• Jeff Maassen, Vice President, Commercial Fishermen of Santa Barbara, Inc. (alternate for Bob Bertelli)
• Jenny Marshall, Consultant, U.S. Navy (alternate for Mike Huber)
• Carl Mayhugh, President, Pacific Oceanworks, Inc. (alternate for Steve Benavides)
• Mike McCorkle, President, Southern California Trawlers Association (alternate for Gerry Richter)
• Dr. Michael McCoy, Member, Tijuana River National Estuarine Research Reserve Management Authority 
 (alternate for Dr. Vinod Sasidharan)
• Merit McCrea, Captain, Condor Cruises and Research Technician, Marine Science Institute (alternate for 
 Norris Tapp)
• Marc Mills (alternate for Dr. Chugey Sepulveda)
• Garth Murphy, Founder, Surf Research (alternate for W. Scott Dunn)
• Bob Osborn, Member, United Anglers of Southern California (alternate for Wendy Tochihara)
• Jack Peveler, President, California Association of Port Captains and Harbormasters (alternate for Mick Kronman)
• Dr. Benjamin Pister, Marine Ecologist, Cabrillo National Monument (alternate for Russell E. Galipeau)
• Lia Protopapadakis, Marine Policy Specialist, Santa Monica Bay Restoration Foundation (alternate for 
 Dr. Anne Spacie)
• Gerry D. Richter, Vice President, Point Conception Groundfishermen’s Association
• Dave Rudie, Owner, Catalina Offshore Products (alternate for R. Kevin Ketchum)
• Dr. Vinod Sasidharan, Associate Professor and Program Coordinator, Recreation and Tourism Management 
 Program, San Diego State University
• Brent Scheiwe, Director, SEA Lab
• Dr. Chugey Sepulveda, Laboratory Director, Pfleger Institute of Environmental Research
• Sarah (Abramson) Sikich, Coastal Resources Director, Heal the Bay
• Dr. Anne Spacie, Science Director and Member of the Board, Batiquitos Lagoon Foundation and Professor 
 Emerita, Purdue University
• Bruce Steele, Captain, F/V Halcyon
• Norris Tapp, Captain, F/V Freelance
• Cassidy Teufel, Coastal Program Analyst, California Coastal Commission (alternate for Dr. Jonna Engel)
• Wendy Tochihara, National Sales Manager, Izorline International
• David Weeshoff, Member of the Board, International Bird Rescue Research Center

Nominations for South Coast Stakeholder group - http://www.dfg.ca.gov/marine/mpa/sc_nominations.asp
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Worksheet: Which Stakeholder Am I?

Name:    

Organization or Agency: 

Job Title:  

Job Duties:   

I want MPAs to be created because: (logic) 

    

I am not in favor of MPA creation because:  

    

MPAs are important to me because: (emotion)   

    

I belong to the following stakeholder group(s) (ex: fisherman, boaters, beach users, etc.): 

    

I work with the following MPA experts and other stakeholders on a regular basis:  

    

My favorite MPA that was created is: 
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MPAs = More Fishes

Create your own models to teach that fish size and age effect productivity.  
First print the fish image on page 46 onto fabric or paper at the correct sizes for 
age. The actual size representation for Vermillion Rock fish are 7 years old: 14.6 
inches, 13 years old: 19.7 inches, 19 years old: 23.6 inches. Attach the two sides 
together with stuffing in the middle using stapler or tape for paper or sewing 
the fabric.
Background article for extension activity: 
Using GIS Mapping of the Extent of Nearshore Rocky Reefs to Estimate 
the Abundance and Reproductive Output of Important Fishery Species”
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0030290 

String beads or link paperclips to represent the number of eggs 
produced at each size/age classification.
7 years old: 150,000 offspring (you will need 15 beads or clips)
13 years old: 700,000 offspring (you will need 70 beads or clips)
19 years old: 1,700,000 offspring (you will need 170 beads or clips)
Fill a jar with 10,000 orange beads to represent 10,000 eggs  

Avoiding a Tragedy of the Commons
End of the Line – a video about overfishing in the ocean:
http://www.filmeducation.org/theendoftheline/index.html

Fishery facts information sheet:    
http://www.pbs.org/emptyoceans/educators/activities/docs/Fishing-fishery-facts.pdf

Science Daily: Ending the Ocean’s Tragedy of the Commons:   
http://www.sciencedaily.com/releases/2010/09/100914095930.htm

Science Daily:  One Solution to Global Overfishing:
http://www.sciencedaily.com/releases/2012/03/120319163807.htm

Empty Oceans, Empty Nets:
http://www.pbs.org/emptyoceans/eoen/index.html

A fun PSA that drives home the importance of thinking beyond our own action:
http://www.shiftingbaselines.org/mpas/psa.php

Tragedy of the Commons: A Brief Overview

The tragedy of the commons was initially proposed as a hypothetical model to illustrate a much larger societal 
problem. In early British history, there was often a common pasture (the commons) where all members of a community 
could take their livestock for grazing. Each individual farmer was motivated to use this pastureland for his animals to get 
the maximum benefit possible. However, as more animals use the resource, the pasture became trampled and over-
grazed until there was no grass left for anyone. Therefore, if each farmer was motivated simply to maximize personal 
benefit, and thus used the pasture as much as possible, the pasture or commons soon became of no use to anyone.  

Fisheries can provide the classic example of tragedy of the commons. This can happen when fish are in areas that are 
open to fishing, and many fishermen act in their own self-interest and catch as many fish as possible until all the fish 
are caught, rather than looking to preserve the environment for the future and create a sustainable fishery for years 
to come by limiting each person’s individual catch.  In other words, the ocean’s supply of fish is a common resource 
that is rapidly being depleted. The basic issue is that since 1950, the fishing industry has quadrupled its catch. 
According to the United Nations, 15 out of 17 world fisheries are overfished or depleted. 90% of the large fish species 
in the oceans have been fished out, or fished to the point that the fishery can no longer sustain their populations, 
in the last 50 years. In short, fish are being taken from the oceans faster than they can reproduce and grow. Many 
fisheries have already seen collapses. 

Phillips, Julius B., 1964. The life history  
on ten species of rockfish (Genus  
Sebastodes). Fish Bulletin (216). 70p.
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Final Resources for Ensuring the Life Cycle is Unbroken – bocaccio

Detailed information on the bocaccio (this was adapted for their background information):
http://www.nmfs.noaa.gov/pr/pdfs/species/bocaccio_detailed.pdf

PISCO  “Life Cycle of Bocaccio”: 
http://www.piscoweb.org/files/images/pdf/SMR_US_HighRes.pdf (Pg 12 – 15) - one per student or student pair

FishBase information on bocaccio:
http://www.fishbase.org/summary/Sebastes-paucispinis.html  (through section “human uses” section)

Table of reproduction lengths (add LM=length at first maturity):
http://fishbase.sinica.edu.tw/Reproduction/MaturityList.php?ID=3987&GenusName=Sebastes&SpeciesName=pau-
cispinis&fc=573 

Text only from PISCO bocaccio life cycle from “The Science of Marine Reserves”: 
http://www.piscoweb.org/files/images/pdf/SMR_US_HighRes.pdf

Bocaccio Life Cycle Data Sheet – see below

Bocaccio Species Overview – see below

Bocaccio Life Cycle Data Sheet
Name of Fish:              

Eggs 
Location:      Incubation time:    
Comments:              

Reproduction
Age at reproduction:     season:       
Average number of young produced:          
Comments:              

Larval Fish (first hatched)
Month hatch:     month released:    Habitat:    
Comments:              

Fry (juvenile fish)
Habitat:               
Comments:              

Adult
Habitat:      Diet:      Average lifespan:   
Comments:               

Take your data and create a model of the lifecycle of the bocaccio showing the use of different habitats on the 
reverse of this sheet
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Bocaccio Species Overview

Life History
In most respects bocaccio is typical of other rockfishes. They have internal fertilization and the eggs grow and 
hatch internally (Wourms, 1991).  Fifty percent of females are mature, ready to reproduce, at 48 cm FL, full length 
(Gunderson et al., 1980). Fish begin reproduction early in the fall. The embryos develop for at least a month before 
the larvae hatch internally (Moser, 1967). Bocaccio can produce from 250,000-2,500,000 larvae (Phillips, 1964). The 
young are released during the winter months (Wyllie Echeverria, 1987) and larvae eventually metamorphose into 
pelagic juveniles (Moser and Boehlert, 1991), a stage that takes months to complete (Woodbury and Ralston, 1991). 
The young settle from intertidal to deep benthic habitats begins in late spring and extends throughout the summer 
months. Even though the young grow very rapidly, adults grow slowly (Wilkins, 1980). Moreover, growth is sexually 
dimorphic, with females reaching larger sizes than males (ca. 90 versus 75 cm). The diet of  bocaccio is primarily fish. 
(from STATUS OF BOCACCIO OFF CALIFORNIA IN 2002 by Alec D. MacCall)

Species info below from FishBase (http://www.fishbase.org/summary/Sebastes-paucispinis.html)

Sebastes paucispinis Ayres, 1854 
Bocaccio 
Add your observation in Fish Watcher: http://www.fishbase.us/fishwatcher/menu.php
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Activity: Estimating Fish Populations

Estimating Fish Populations Worksheet – see below

Investigating Fish Populations

1. Work in small groups of four to complete the lab below. Make sure to record your data in the table below. 

2. Put all of the beans in the bowl. Using the spoon cup, “capture” a sample of the beans. 

3. Mark each of these beans with a small X. This is the original captured amount. Record this number here: 
 (If using M&Ms, start with one color and replace the recaptured fish with a different color… feel free to eat your  
 original colored captures.) 

4. Put these beans back into the bowl. “Capture” another sample of beans. Record this total in the sample column.  
 Record the number of beans that have “recaptured” or are marked with an X. 

5. Repeat step three four more times, recording your data in the table below. 

Trial # caught # recaptured
1
2
3
4
5

Total
  

To calculate the estimated population take the total number captured, multiply that by the number of times you 
repeated the process (don’t include your first capture, only the repeats; in this case it’s 5 times); divide that number 
by the total number recaptured.  

Population Estimate = [(total # captured) x (# of recapture events)] ÷ (total # recaptured)

My population estimate is:

1. Do you think that this is a good way to estimate of the number of beans in the bowl? Explain your reasoning. 

2. Count the actual number of beans in the bowl. How does this number compare to your estimate in #1?  
Explain your answer. 

3. Can you think of a better method for calculating the overall population of an organism in the wild? 
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Goals of the Marine Life Protection Act

From the California Department of Fish & Wildlife 

The Marine Life Protection Act (MLPA) of 1999 directs the state to redesign California’s system of marine protected 
areas (MPAs) to function as a network in order to: increase coherence and effectiveness in protecting the state’s 
marine life and habitats, marine ecosystems, and marine natural heritage, as well as to improve recreational, 
educational and study opportunities provided by marine ecosystems subject to minimal human disturbance. 

The six goals of the MLPA are:
Goal 1 
To protect the natural diversity and abundance of marine life, and the structure, function, and integrity of marine 
ecosystems.

Goal 2 
To help sustain, conserve, and protect marine life populations, including those of economic value, and rebuild those 
that are depleted.

Goal 3 
To improve recreational, educational, and study opportunities provided by marine ecosystems that are subject to 
minimal human disturbance, and to manage these uses in a manner consistent with protecting biodiversity.

Goal 4 
To protect marine natural heritage, including protection of representative and unique marine life habitats in 
California waters for their intrinsic value.

Goal 5 
To ensure that California’s MPAs have clearly defined objectives, effective management measures, and adequate 
enforcement, and are based on sound scientific guidelines.

Goal 6  
To ensure that the MPAs are designed and managed, to the extent possible, as a component of a statewide network.
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Official Categories of the Different Kinds of MPAs in California

There are different marine managed areas classifications used in California’s MPA network. This includes three 
MPA designations (State Marine Reserve, State Marine Conservation Area, State Marine Park), a marine recreational 
management area (State Marine Recreational Management Area), and special closures:

• In a State Marine Reserve, it is unlawful to injure, damage, take, or possess any living geological, or cultural marine 
resource, except under a permit or specific authorization from the managing agency for research, restoration, or 
monitoring purposes. While, to the extent feasible, the area shall be open to the public for managed enjoyment and 
study, the area shall be maintained to the extent practicable in an undisturbed and unpolluted state. Access and use 
for activities including, but not limited to, walking, swimming, boating, and diving may be restricted to protect marine 
resources. Research, restoration, and monitoring may be permitted by the managing agency. Educational activities 
and other forms of nonconsumptive human use may be permitted by the designating entity or managing agency in 
a manner consistent with the protection of all marine resources. (PRC Section 36710(a))

• In a State Marine Park, it is unlawful to injure, damage, take, or possess any living or nonliving marine resource for 
commercial exploitation purposes. Any human use that would compromise protection of the species of interest, nat-
ural community or habitat, or geological, cultural, or recreational features, may be restricted by the designating entity 
or managing agency. All other uses are allowed, including scientific collection with a permit, research, monitoring, and 
public recreation, including recreational harvest, unless otherwise restricted. Public use, enjoyment, and education 
are encouraged, in a manner consistent with protecting resource values. (PRC Section 36710(b))

• In a State Marine Conservation area, it is unlawful to injure, damage, take, or possess any living, geological, or 
cultural marine resource for commercial or recreational purposes, or a combination of commercial and recreational 
purposes, that the designating entity or managing agency determines would compromise protection of the species 
of interest, natural community, habitat, or geological features. The designating entity or managing agency may permit 
research, education, and recreational activities, and certain commercial and recreational harvest of marine resources. 
(PRC Section 36710(c))

• In a State Marine Recreational Management area, it is unlawful to perform any activity that, as determined by the 
designating entity or managing agency, would compromise the recreational values for which the area may be desig-
nated. Recreational opportunities may be protected, enhanced, or restricted, while preserving basic resource values 
of the area. No other use is restricted. (PRC Section 36710(e)). The Fish and Game Commission may designate, 
delete, or modify state marine recreational management areas for hunting purposes. (PRC Section 36725(a))

• A Special Closure is a geographically specific area that prohibits human entry. Special closures are smaller in size 
than MPAs and are designed to protect breeding seabird and marine mammal populations from human disturbance.
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FAQ’s

What is the Marine Life Protection Act or MLPA?
This ground-breaking law was passed by the California legislature in 1999. The goal of the MLPA is to create a net-
work of marine protected areas based on science and according to clear, conservation-based goals. The MLPA is 
protecting the ocean in a similar way our national and state parks protect land.

Just like past visionaries who saw the need for setting aside pristine pieces of land for future preservation, California 
is now working to set aside beautiful ocean habitat and resources for a healthy tomorrow. 

How is the California coast divided into areas?
To plan a statewide network of MPAs, California’s coast was divided into four distinct geographic regions (along with 
a fifth region - San Francisco Bay). Each region has different regional stakeholders and scientists involved who are 
familiar with and know the local ocean and coastal habitat. The four geographic regions are the north coast (from the 
Oregon Border to Alder Creek, north of Point Arena), the north central coast (from Alder Creek to Ano Nuevo), the 
central coast (Ano Nuevo to Point Conception) and the south coast (Point Conception to the Mexican border). 

What is a marine protected area?
Marine protected areas (MPAs) are protected spaces set aside in the ocean, just like parks are set aside on land. 
MPAs come in all shapes and sizes, but are most effective when protecting areas rich in habitat. 

What is a marine reserve? 
A marine reserve is a marine protected area that provides the highest level of protection for marine life. Marine 
reserves are the “look, pass through, but don’t touch or take anything” Marine Protected Areas. Marine Reserves  
still allow scientific surveys of the area, as well as surfing, swimming, “just look” diving and boating.

What does scientific research say about marine reserves? 
Scientists have studied the performance of 124 Marine Reserves of many different sizes in a variety of habitats. A 
comprehensive review of Marine Reserves reveals that most well-regulated Marine Reserves result in large, rapid and 
long-lasting increases in population, number of species, and reproductive output of marine animals and plants. The 
review found that the average weight of all animals and plants studied is more than four times larger in reserves than 
in unprotected areas. 

Why do marine reserves work? 
Protection from fishing allows animals in reserves to survive longer and grow larger.  Also, habitats are protected 
from anchors and fishing gear, so they can sustain the plants and animals that rely on them. Fully protected marine 
reserves are currently the only marine management tool that promotes the recovery of entire ecosystems, not just 
specific species. 

Why does fish size matter? 
Large fish and invertebrates can produce enormous numbers of offspring ensuring future generations. Take for ex-
ample the vermillion rockfish, a very sleek orange colored fish. A vermillion rockfish that weighs close to two pounds 
produces about 150,000 baby fishes while a vermillion rockfish weighing 7.5 pounds produces 1.7 MILLION baby 
fishes. That’s a huge difference!  Big fish are key to making sure marine life populations remain healthy and stable.

What are the benefits of marine reserves in California? 
Marine reserves protect California’s priceless coastal habitats by providing the highest level of protection leading to 
proven results.  

In a scientific survey of 124 reserves worldwide, scientists found that fish are larger, more abundant, and more diverse 
within marine reserves.  Marine reserves allow fish, mammals, and other marine life to breed, feed, and succeed 
without human interference, providing refuges where ocean life recovers and flourishes for us and future generations 
to enjoy. 

Why aren’t current fisheries regulations sufficient for ocean protection? 
Previously, if a species was in decline, protections were placed on that particular species, but not the food and 
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habitat needed for that species’ survival.  Marine protected areas and especially marine reserves consider the bigger 
picture and ensure that all levels of the food chain receive protection by protecting the entire ecosystem.  

How can marine reserves help fisheries if fishermen can’t fish in these areas? 
Animals living inside marine reserves help replenish fish populations outside their borders because larvae disperse 
in ocean currents in juvenile stages, spilling over into unprotected areas. It’s no coincidence that the majority of 
record-breaking game fish in Florida are caught just outside the marine reserve at Merritt Island.
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Vocabulary

Abundance - number of individuals in a habitat or ecosystem

Benthic - on the bottom or happening near the bottom

BOFFF - big, old, fat, female fish, sometimes known as Big, old, fat, fecund, female fish (BOFFFF); larger, sexually 
mature female fish who are capable of producing more offspring than smaller, younger female fish

Capture/recapture - to take an organism, count it and then release it to later resample the same location; used to 
determine population size 

Carrying capacity - the number of organisms that an ecosystem or habitat can support

Coast - the edge of the land where it meets the sea

Common resources - resources or items that everyone in a community shares

Commons - a shared resource or region

Community science - science that uses members of the community to gather data or perform scientific analysis; 
sometimes called citizen science because it uses the residents or citizens of a particular area to perform the science 
instead of only scientists 

Consumer - organisms that must ingest or eat others to get their energy

Dimorphic - existing or representing two distinct forms

Ecosystem - the living community of organisms interacting with each other and their physical environment

Ecosystem based management - a conservation approach that looks at an entire ecosystem, its living (biotic) and 
non-living (abiotic) factors and how they interact to ensure that all aspects of the habitat or ecosystem vital to its 
continued health are protected

Facilitator/facilitation - a facilitator is someone who helps to make something happen by guiding a process,  
facilitation is the act of helping and guiding the process

Farming - caring for and growing organisms for use and food  

Fecund - fertile, producing or capable of producing new growth or offspring

Fecundity - number of babies able to reproduce

Fish Stocks - population of a particular species or type of fish

Food chain - the pattern of energy moving through a habitat from a producer through a series of consumers

Food web - the transfer of energy among producers and consumers within a habitat, composed of many varying  
food chains

Genetic analysis - researching the genes of the organism

Habitat - the natural environment of an organism that includes all it needs to stay alive, such as its home, food,  
shelter, and water

Harvesting - to gather a crop from where it’s grown, usually a food item

Healthy - functioning well & properly; in balance

Infographic - an image or group of images that depicts information, often in analytical form

Internal fertilization - fertilization that occurs within the female’s body

Life Cycle - the life an organism from birth to death; some organisms go through complex, many stage life cycles

Marine animals - animals that live in the ocean

Marine biodiversity - biodiversity is the variety of species in a region; marine biodiversity refers to this variety in 
the ocean

Marine habitats - habitats found in the ocean, natural environments of organisms; in Southern California, our  
primary marine habitats are the sandy shore and corresponding sandy bottom, sea grass beds, rocky shore and  
corresponding rocky reef, kelp forest, and open ocean 
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Marine Protected Area - an area of ocean and/or ocean shoreline protected from human activities in order to  
conserve a natural resource or historically significant area; protections and restrictions on that area can vary, but 
almost all are still open to non-consumptive use, i.e. they can be visited but nothing can be taken or hurt in the area; 
also known as an MPA

Marine reserve - a type of marine protected area that is protected from fishing

Marine sanctuary - a specific type of marine protected area where certain behaviors like fishing or dredging are  
not allowed, the specific protections can vary among sanctuaries

Metamorphose - transformation from larval to an adult organism in two or more stages

Model - a representation or example of an item or situation

Natural resources - items that come from the environment

Organism - a living species, can be a member of any kingdom of life

Over-exploitation - to work something too hard or use too much of something

Overfishing - fishing an organism beyond its capacity to replenish itself, leading to extreme reductions or even 
extinction of a species

Ovoviviparous - producing young by eggs that are hatched within the body of the parent

Planktonic - free-floating organisms moved by the tide or currents

Population - the abundance of a particular species or group of species

Producers - organisms that use photosynthesis or chemosynthesis to produce food/sugar for energy

Proportion - a portion of a number with respect to a greater whole, a percentage

Recapture - something that has been taken, let go, and recaught

Range - an organism’s territory or environment where it finds its resources

Renewable resources - items that can be harvested sustainably 

Sampling - taking a few of something, often used in respect to research

Sampling population - the group of individuals you are taking, counting and/or studying

Sheltered - protected 

Significant - worth noting or paying attention to 

Simulate - to pretend to act in a way that copies a real action in the world, to imitate

Simulation - an imitation or representation of something, usually a process or an act

Species - a group of similar organisms that can produce young together

Spillover - overflow from one area to another

Stakeholder - an individual or category of individuals that will be impacted by a decision and have a “stake” in the 
issue or resource

Sustainability - the act of being able to continue a behavior

Sustainable - a behavior that can be continued without having detrimental impacts

Territory - a range or area in which an organism can be found, often guarded or protected by the organism

Tragedy of the Commons - a term describing a situation where everyone shares a resource, but no one bears the 
responsibility for caring for it

Underwater parks - areas underwater that are protected from harvest to safeguard habitat and the associated 
marine life 

Variety - number of species in a habitat or ecosystem

Virtual - being similar or simulated, often used in reference to computer activities that simulate activities in the real 
world
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MPA Standards Grid
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6th - 8th grades

Speaking Listening

1. Engage effectively in a range of collaborative discussions 

a. Come to discussions prepared and reflect on ideas under discus-
sion.

b. Follow rules for collegial discussions

c. Pose and respond to specific questions with elaboration and detail

d. Review the key ideas expressed and demonstrate understanding of 
multiple perspectives

2. Interpret information presented in diverse media and formats and 
explain how it contributes to a topic, text, or issue under study.

Writing Standards

2. Write informative/explanatory texts to examine a topic and convey 
ideas, concepts, and information through the selection, organization, 
and analysis of relevant content.

3. Write narratives to develop real or imagined experiences or events 
using effective technique, relevant descriptive details, and well-struc-
tured event sequences

5. With some guidance and support from peers and adults, develop 
and strengthen writing as needed by planning, revising, editing, rewrit-
ing, or trying a new approach.

7. Conduct short research projects to answer a question, drawing on 
several sources and refocusing the inquiry when appropriate

Reading Standards for Literacy in History/Social Studies

3. Identify key steps in a text’s description of a process related  
to history/social studies

6. Identify aspects of a text that reveal an author’s point of  
view or purpose

7. Integrate visual information with other information in print  
and digital texts.

Reading Standards for Literacy in Science  
and Technical Subjects

2. Determine the central ideas or conclusions of a text;  
provide an accurate summary of the text distinct from prior  
knowledge or opinions.

7. Integrate quantitative or technical information expressed in words 
in a text with a version of that information expressed visually
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Mathematics

6th grade Statistics

5. Summarize numerical data sets in relation to their context, such as 
by: a. Reporting the number of observations. b. Describing the nature 
of the attribute under investigation, including how it was measured 
and its units of measurement.

7th grade Statistics

1. Use random sampling to draw inferences about a population. 
1. Understand that statistics can be used to gain information about 
a population by examining a sample of the population; generalizations 
about a population from a sample are valid only if the sample 
is representative of that population. Understand that random 
sampling tends to produce representative samples and support 
valid inferences.

Science

6th grade

2. Topography is reshaped by the weathering of rock and soil and by 
the transportation and deposition of sediment.

c. Students know beaches are dynamic systems in which the sand is 
supplied by rivers and moved along the coast by the action of waves.

5. Organisms in ecosystems exchange energy and nutrients among 
themselves and with the environment.

a. Students know energy entering ecosystems as sunlight is trans-
ferred by producers into chemical energy through photosynthesis 
and then from organism to organism through food webs.

b. Students know matter is transferred over time from one organism 
to others in the food web and between organisms and the physical 
environment.

c. Students know populations of organisms can be categorized by the 
functions they serve in an ecosystem.

e. Students know the number and types of organisms an ecosystem 
can support depends on the resources available and on abiotic 
factors, such as quantities of light and water, a range of temperatures, 
and soil composition.

7. Scientific progress is made by asking meaningful questions and 
conducting careful investigations. As a basis for understanding this 
concept and addressing the content in the other three strands, stu-
dents should develop their own questions and perform investigations.

Students will: a. Develop a hypothesis.

e. Recognize whether evidence is consistent with a proposed 
explanation.
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f. Read a topographic map and a geologic map for evidence provided 
on the maps and construct and interpret a simple scale map.

h. Identify changes in natural phenomena over time without
manipulating the phenomena

7th Grade

3. Biological evolution accounts for the diversity of species developed 
through gradual processes over many generations. As a basis for 
understanding this concept:

e. Students know that extinction of a species occurs when the 
environment changes and the adaptive characteristics of a species 
are insufficient for its survival.

Ocean Literacy 1,5,7 5,6 4,5,6 1,5,6,7 5,6,7 2,5,6,7 6,7

NGSS - if adopted as they are now:

MS-LS2-1 Analyze and interpret data to provide evidence for the 
effects of resource availability on organisms and populations of 
organisms in an ecosystem

MS-LS2-2  Construct an explanation that predicts patterns of 
interactions among organisms across multiple ecosystems

MS-LS2-5 Evaluate competing design solutions for maintaining 
biodiversity and ecosystem services

MS-ESS3-3 Apply scientific principles to design a method for 
monitoring and minimizing a human impact on the environment

 



MARINE  
PROTECTED  
AREAS 
Activity Brochure for Kids

What are Marine Protected 
Areas (MPAs)?

Marine Protected Areas

Where are they located?

 MPAs are special places in the ocean, 
similar to national or state parks on 
land, where people are encouraged to 
visit and explore, but where the take 
of wildlife and resources is limited.

Help the baby sea lion find the MPA.

California's MPAs include dozens of sites
on the coast, including Encinitas, 
La Jolla, Cabrillo and Imperial Beach. 

Who Lives Under the Waves?

Color each picture and find the six 
differences.

MPAs will ensure that future generations 
will be able to enjoy the natural heritage 
of California's coastal waters. 

To view a map for other locations of 
MPAs and for more information visit 
www.wildcoast.org

Photo by Ralph Pace



Help Me Find My Home Learning About MPAs

Open Ocean

Connect each object on the left to 
its home on the right.

Find the hidden words in the word 
search to learn more about marine 
protected areas.

California is historically one of the 
richest marine ecosystems in the 
world. Fifty years ago abalone were 
abundant up and down the coast, 
but due to severe overfishing 
abalone are now rare to find.

Sea Star

Cans and Bottles

Toys

Toy Chest

Tide Pool

Recycle Bin

Shark

MPA Animals 
Sea Lion 
Garibaldi 
Dolphin 
Lobster

Animals use MPAs for 
Hiding 

Growing 
Reproducing 

Feeding

The ocean is the heart of our planet. Just 
as our heart circulates blood and 
regulates body temperature, the ocean 
controls the movement of heat and water. 
Research has shown that increased 
amounts of carbon dioxide from human 
activity are changing the climate, and 
impacts like warming ocean temperatures 
and ocean acidification are making it 
difficult for animals to live comfortably 
and thrive in their ocean environment. 
Marine protected areas are safe places 
for our plants and animals to live and 
grow. We need your help to keep our 
marine protected areas safe, clean homes 
for our plants and animals. 

124
11

545,280

MPAs in California

MPAs in San Diego County

acres of MPAs in California 
conserved by WILDCOAST.

Photo by Octavio Aburto Photo by Derek Keats



Marine Protected Area 
Tidepool Journal

Name:      ______________________ 

Date:        ______________________ 

Location:  ______________________

Look around and record how many people are...

Walking or runningLooking in tidepools

Collecting shells Sitting, relaxing, or 
napping

Fishing Playing in the water

Circle any activities you think might hurt the tidepools.



Find and draw six tidepool organisms.

Completely Covered

Kind of Covered

Not Covered at All

Find a clump of sea anemones 
that are out of the water. 

How many are...

Number #



Ocean Literacy
The Essential Principles and Fundamental Concepts  

of Ocean Sciences for Learners of All Ages
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Composite photo features species from multiple  
ocean basins and Island of Ofu in American Samoa



What is Ocean Literacy?

Ocean literacy is an understanding of the ocean’s  
influence on you—and your influence on the ocean.

An ocean-literate person:

	 • understands the essential Principles and  
Fundamental concepts about the ocean;

	 • can communicate about the ocean in a  
meaningful way; and

	 • is able to make informed and responsible  
decisions regarding the ocean and its resources.

This definition, the Essential Principles, and 
supporting Fundamental Concepts were developed 
through a community-wide consensus-building process. 
This effort built on previous work to define ocean literacy, 
assess what the public knows about the ocean, and redress 
the lack of ocean-related content in state and national 
science education standards, instructional materials,  
and assessments.

The Essential Principles and Fundamental 
Concepts outlined in this guide (inside) represent 
content that does not always fall neatly within 
particular disciplines. As a result, many Fundamental 
Concepts illustrate more than one Essential Principle. 
For example, Essential Principle 4 lists only three 
Fundamental Concepts; however, several others could 
be listed as well. This demonstrates the interdisciplinary 
nature of ocean sciences. Educators can use these 
Fundamental Concepts to fulfill and go beyond the 
Next Generation Science Standards. They provide 
coordination, consistency, and coherence for ocean 
sciences education and are transforming the vision  
of ocean literacy into reality.

JOin Us
The Ocean Literacy Campaign is an ongoing process.  
We encourage you to join in this open, participative 
process by signing up at www.oceanliteracy.net to be  
kept informed; following us on Twitter @4oceanliteracy 
and Facebook at www.facebook.com/oceanliteracy;  
and joining the National Marine Educators Association 
(www.marine-ed.org).

Light passes through clouds like a spotlight off the California coast near Big Sur. 

Photo: Steve Lonhart/NOAA Monterey Bay National Marine Sanctuary

Ocean Literacy:
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On the Ocean



Understanding

the Ocean is 

essentiaL tO

cOMPrehending

and 

PrOtecting 

this PLanet

On Which We LiVe

The Ocean is the defining feature on our blue planet. 
Five great, interconnected ocean basins, the Atlantic, 
Pacific, Indian, Arctic and Southern, make up the only 
ocean in our solar system, and contain 97 percent of Earth’s 
water. The vapor released into the atmosphere returns 
as rain, sleet and snow, ever replenishing the planet with 
freshwater. All life, including our own, exists because 
of the ocean. Our lives depend, now and forever, on the 
health of the ocean. Understanding  the ocean is essential to 
comprehending and protecting this planet on which we live.

This guide presents a vision of an ocean-literate society. 
Along with the more detailed Ocean Literacy Scope and 
Sequence for Grades K-12, it outlines the knowledge required 
to be considered ocean literate. These two documents are 
a practical resource that educators and policymakers use to 
influence teaching and learning about the ocean throughout 
our schools, museums, aquariums, science centers, parks, 
and other informal learning environments. Several hundred 
leading scientists and educators contributed to the 
development of these consensus documents. They were 
used to ensure that ocean concepts are well-represented in 
A Framework for K-12 Science Education (National Academy 
of Sciences, 2012) and the “Next Generation Science 
Standards” (Achieve, Inc., 2013).

A picturesque gully with its abundant sea life, which includes algae, soft 
corals, and tropical fishes (left). Photo: Submarine Ring of Fire 2004, NOAA 
Ocean Exploration and Research; A diver at Stetson Bank, located about 48 
km northwest of the Flower Garden Banks (above). Photo: G.P. Schmahl/
Flower Garden Banks National Marine Sanctuary



Using the Ocean as a teaching tOOL

The ocean covers most of our planet, is the source of most life 
on Earth, regulates our weather and climate, provides most 

of our oxygen, and feeds much of the human population. After 
decades of pollution, habitat degradation and overfishing, now 
climate change and ocean acidification threaten the health of 
the ocean in unprecedented ways.

Better public understanding of the ocean is an 
important part of resolving these complex and critical issues. 
While the public generally has limited understanding of the 
ocean (The Ocean Project, 2009), the more people know, the 
more they are willing to support policies to keep the ocean 
healthy (Steel et al., 2005). Understanding complex systems 
like the ocean is difficult. However, the use of models, 
computer simulations, and first-hand experiences strongly 
enhance learning and teaching (Tran, 2009). Engaging learners 
in experiences focused on the ocean helps them build 
personal connections to the ocean, coasts, and Great Lakes 
that motivate them to become ocean literate and to act on 
behalf of the ocean. 

Curriculum content, instruction, and assessment all 
derive from accepted standards. By ensuring that ocean 
sciences concepts are more prominent in science standards 
at the national, state, and local levels, we can make certain of 
their incorporation throughout K–12 instructional materials, 
assessments, and teacher professional development.

Those who are concerned about science education 
and about the future health of our ocean planet must 
actively promote the implementation of high quality science 
standards by local educational agencies, such  
as school districts, state departments of education, and 
professional societies and associations. In order to be 
effective, we must agree upon and codify the essential 
disciplinary core ideas and practices of science related  
to the ocean, coasts and Great Lakes.

Deep-sea octocorals, seen here atop a hydrothermal vent chimney, 
have stinging cells within their tentacles for capturing prey, (above). 
Photo: Submarine Ring of Fire, 2004, NOAA Ocean  
Exploration and Research

Ocean Literacy FraMeWOrk

The Ocean Literacy Framework comprises this guide 
and the more detailed Ocean Literacy Scope and 

Sequence for Grades K–12. This guide describes the 7 
most important ideas, or Essential Principles, about the 
ocean that all students should understand by the end of 
high school. The Essential Principles are supported and 
explained by 45 Fundamental Concepts. The Scope and 
Sequence then provides educators with guidance as to 
what students need to comprehend in Grades K–2, Grades 
3–5, Grades 6–8, and Grades 9–12 in order to achieve 
full understanding of the Essential Principles. These 
progressions show how students’ thinking about the ocean 
may develop in ever more complex ways across many 
years of thoughtful, coherent science instruction. The 
Scope and Sequence, represented in a series of conceptual 
flow diagrams that include cross-references, also shows 
how concepts about the ocean are interconnected. 

The Ocean Literacy Scope and Sequence for Grades 
K–12 was developed through an extensive, iterative 
process from 2006-2010, led by the Center for Ocean 
Sciences Education Excellence (COSEE) California with 
additional support from COSEE West at University of 
Southern California. Over 150 members of the ocean 
sciences education community contributed to the final 
document. The Scope and Sequence was published by 
the National Marine Educators Association (NMEA)  
in March 2010 as NMEA Special Report #3 on the Ocean 
Literacy Campaign. Please see the “Honor Roll” at 
www.oceanliteracy.net for names of individuals who 
contributed to the development  
and review processes.

Development of the Ocean Literacy Framework 
was informed by current research on learning and 
teaching science, including Learning Science in Informal 
Environments (National Academy of Sciences [NAS], 
2009), Taking Science to School (NAS, 2007), and How 
People Learn (NAS, 2000). Subsequently, it was used to 
inform A Framework for K–12 Science Education (NAS, 
2012) and the Next Generation Science Standards. The 
Ocean Literacy Framework can and has been used to 
guide the work of standards committees, curriculum 
developers, teachers, informal science educators, assessment 
developers, professional development providers, 
communications experts, and scientists engaged  
in education and outreach.



abOUt the Ocean Literacy caMPaign

The Ocean Literacy Campaign is a wide-ranging,  
collaborative, and decentralized effort by hundreds  

of scientists and educators to create a more ocean literate 
society. An important component of the Campaign is 
the education of our K–12 students in ocean sciences 
through development of the Ocean Literacy Framework. 
These consensus documents provide formal and informal 
educators and curriculum and program developers with a 
“roadmap” that helps them build coherent and conceptually 
sound learning experiences for students from Kindergarten 
through 12th grade. Over the years, the efforts of the 
Campaign have been, and continue to be, supported by 
many organizations and the dedicated individuals within 
them. We continue to seek input from colleagues to  
expand the consensus on what is essential for students  
to understand about our ocean planet. This effort is only  
the beginning.

impacts of the campaign to date
Since its first publication in 2005, this guide has made a 
significant impact in both the scientific and education 
communities. Most notably, it served as a model and 
inspiration for other science literacy guides (e.g., climate 
and energy), changed guidelines for federal funding 
opportunities, and provided a framework for designing 
exhibits, courses, and instructional materials. Look up 
“Impacts of the Ocean Literacy Principles” on the ocean 
literacy website for more information. In 2013, this guide 
was revised to reflect continued advances in ocean sciences 
and in science education. Members of the original team plus 
several additional educators and scientists participated in 
the revision (see Acknowledgments on last page). 

international developments
While this guide was developed for use in the United States, 
it has inspired several other countries and geographic 
regions to engage in similar processes to develop their own 
approaches to achieve ocean literacy. Portugal was one 
of the first, with Ciencia Viva leading a process to engage 
scientists and educators to create a similar document. The 
Portuguese culture and language translate “ocean literacy” 
into “Conhecer o Oceano” (“Knowing the Ocean”) (http://
www.cienciaviva.pt/oceano/home/). Marine educators in 
Europe have begun a process to define ocean literacy for  
the European Union (http://www.emsea.eu); while in Chile, 
they have translated the first version of this guide into 
Spanish. The first version has also been translated  
into Chinese and Japanese.

the essentiaL PrinciPLes  
OF Ocean sciences

1
the earth has one big ocean  

with many features.

2
the ocean and life in the ocean  

shape the features of earth.

3
the ocean is a major influence on  

weather and climate.

4
the ocean made earth habitable.

5
the ocean supports a great diversity  

of life and ecosystems.

6
the ocean and humans are  

inextricably interconnected.

7
the ocean is largely unexplored.

Giant kelp (Macrocystis pyrifera), Pescadero Washrock,  
Carmel Bay, 2006, (right). Photo: Steve Lonhart/NOAA  
Monterey Bay National Marine Sanctuary



Essential Principles and Fundamental Concepts

Ocean Literacy

FUrther inFOrMatiOn

Please visit www.oceanliteracy.net  
to find an online version of this document as well  

as obtain updates, correlations to education standards,  
and links to related educational resources.
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a The ocean is the defining physical feature on our planet 
Earth—covering approximately 70% of the planet’s  
surface. There is one ocean with many ocean basins, 
such as the North Pacific, South Pacific, North Atlantic, 
South Atlantic, Indian, Southern, and Arctic.

b Ocean basins are composed of the seafloor and all  
of its geological features (such as islands, trenches,  
mid-ocean ridges, and rift valleys) and vary in size,  
shape and features due to the movement of Earth’s 
crust (lithosphere). Earth’s highest peaks, deepest  
valleys and flattest plains are all in the ocean.

c Throughout the ocean there is one interconnected 
circulation system powered by wind, tides, the force 
of Earth’s rotation (Coriolis effect), the Sun and water 
density differences. The shape of ocean basins and 
adjacent land masses influence the path of circulation. 
This “global ocean conveyor belt” moves water 
throughout all of the ocean basins, transporting  
energy (heat), matter, and organisms around the ocean. 
Changes in ocean circulation have a large impact  
on the climate and cause changes in ecosystems.

d Sea level is the average height of the ocean relative  
to the land, taking into account the differences caused 
by tides. Sea level changes as plate tectonics cause  
the volume of ocean basins and the height of the land 
to change. It changes as ice caps on land melt or grow.  
It also changes as sea water expands and contracts 
when ocean water warms and cools. 

e Most of Earth’s water (97%) is in the ocean. Seawater  
has unique properties. It is salty, its freezing point is 
slightly lower than fresh water, its density is slightly 
higher, its electrical conductivity is much higher, and  
it is slightly basic. Balance of pH is vital for the health 
of marine ecosystems, and important in controlling the 
rate at which the ocean will absorb and buffer changes 
in atmospheric carbon dioxide. 

the Ocean FrOM sPace. This infrared image from the 
GOES-11 satellite shows the Pacific Ocean. Photo: NASA 

F The ocean is an integral part of the water cycle and 
is connected to all of Earth’s water reservoirs via 
evaporation and precipitation processes.

g The ocean is connected to major lakes, watersheds,  
and waterways because all major watersheds on 
Earth drain to the ocean. Rivers and streams transport 
nutrients, salts, sediments, and pollutants from 
watersheds to coastal estuaries and to the ocean.

h Although the ocean is large, it is finite, and resources  
are limited.

1 The Earth has one big ocean 
with many features.



The ocean and life in the ocean 
shape the features of Earth.

a Many earth materials and biogeochemical cycles originate 
in the ocean. Many of the sedimentary rocks now exposed 
on land were formed in the ocean. Ocean life laid down 
the vast volume of siliceous and carbonate rocks. 

b Sea level changes over time have expanded and 
contracted continental shelves, created and destroyed 
inland seas, and shaped the surface of land.

c Erosion—the wearing away of rock, soil and other biotic 
and abiotic earth materials—occurs in coastal areas as 
wind, waves, and currents in rivers and the ocean, and 
the processes associated with plate tectonics move 
sediments. Most beach sand (tiny bits of animals, plants, 
rocks, and minerals) is eroded from land sources and 
carried to the coast by rivers; sand is also eroded from 
coastal sources by surf. Sand is redistributed seasonally 
by waves and coastal currents.

d The ocean is the largest reservoir of rapidly cycling carbon 
on Earth. Many organisms use carbon dissolved in the 
ocean to form shells, other skeletal parts, and coral reefs.

e Tectonic activity, sea level changes, and the force of  
waves influence the physical structure and landforms  
of the coast.

2

cOastaL carVings. Waves crashing on the coast of Big Sur, 
California near the site of the F/V Bono crash. Photo: Steve Lon-
hart/NOAA Monterey Bay National Marine Sanctuary



The ocean is a major influence 
on weather and climate.

a The interaction of oceanic and atmospheric processes 
controls weather and climate by dominating the Earth’s 
energy, water, and carbon systems.

b The ocean moderates global weather and climate by  
absorbing most of the solar radiation reaching Earth. Heat 
exchange between the ocean and atmosphere drives the 
water cycle and oceanic and atmospheric circulation. 

c Heat exchange between the ocean and atmosphere can 
result in dramatic global and regional weather phenomena, 
impacting patterns of rain and drought. Significant 
examples include the El Niño Southern Oscillation and La 
Niña, which cause important changes in global weather 
patterns because they alter the sea surface temperature 
patterns in the Pacific.

d Condensation of water that evaporated from warm seas  
provides the energy for hurricanes and cyclones. Most rain that 
falls on land originally evaporated from the tropical ocean.

e The ocean dominates Earth’s carbon cycle. Half of the 
primary productivity on Earth takes place in the sunlit 
layers of the ocean. The ocean absorbs roughly half  
of all carbon dioxide and methane that are added to  
the atmosphere.

3

F The ocean has had, and will continue to have, a significant 
influence on climate change by absorbing, storing, and moving 
heat, carbon, and water. Changes in the ocean’s circulation have 
produced large, abrupt changes in climate during the last 50,000 
years.

g Changes in the ocean-atmosphere system can result in changes 
to the climate that in turn, cause further changes to the ocean 
and atmosphere. These interactions have dramatic physical, 
chemical, biological, economic, and social consequences.

natUraL PhenOMenOn. A GOES-12 satellite image of Hurricane 
Katrina shortly after landfall on August 29, 2005. Image: NOAA 

The ocean made Earth habitable.
a Most of the oxygen in the atmosphere originally came from  

the activities of photosynthetic organisms in the ocean.  
This accumulation of oxygen in Earth’s atmosphere was 
necessary for life to develop and be sustained on land. 

b The ocean is the cradle of life; the earliest evidence of life 
is found in the ocean. The millions of different species of 
organisms on Earth today are related by descent from common 
ancestors that evolved in the ocean and continue to evolve today. 

c The ocean provided and continues to provide water, oxygen, 
and nutrients, and moderates the climate needed for life to 
exist on Earth (Essential Principles 1, 3, and 5). 

4

cOraL reeF habitat. A fisherman tries his luck 
with a net in American Samoa.



The ocean supports a great 
diversity of life and ecosystems.5

a Ocean life ranges in size from the smallest living things, 
microbes, to the largest animal on Earth, blue whales.

b Most of the organisms and biomass in the ocean are 
microbes, which are the basis of all ocean food webs. 
Microbes are the most important primary producers in 
the ocean. They have extremely fast growth rates and life 
cycles, and produce a huge amount of the carbon and 
oxygen on Earth. 

c Most of the major groups that exist on Earth are  
found exclusively in the ocean and the diversity of 
major groups of organisms is much greater in the ocean 
than on land.

d Ocean biology provides many unique examples of life 
cycles, adaptations, and important relationships among 
organisms (symbiosis, predator-prey dynamics, and energy 
transfer) that do not occur on land.

e The ocean provides a vast living space with diverse and 
unique ecosystems from the surface through the water 
column and down to, and below, the seafloor. Most of 
the living space on Earth is in the ocean.

F Ocean ecosystems are defined by environmental factors 
and the community of organisms living there. Ocean 
life is not evenly distributed through time or space due 
to differences in abiotic factors such as oxygen, salinity, 
temperature, pH, light, nutrients, pressure, substrate, 
and circulation. A few regions of the ocean support the 
most abundant life on Earth, while most of the ocean 
does not support much life.

g There are deep ocean ecosystems that are independent 
of energy from sunlight and photosynthetic organisms. 
Hydrothermal vents, submarine hot springs, and 
methane cold seeps, rely only on chemical energy and 
chemosynthetic organisms to support life.

h Tides, waves, predation, substrate, and/or other factors 
cause vertical zonation patterns along the coast; density, 
pressure, and light levels cause vertical zonation 
patterns in the open ocean. Zonation patterns influence 
organisms’ distribution and diversity.

i Estuaries provide important and productive nursery  
areas for many marine and aquatic species. PaciFic ecOsysteM. A kelp forest is home to an ochre 

sea star in Monterey Bay, California.



6 The ocean and humans are  
inextricably interconnected.

a The ocean affects every human life. It supplies 
freshwater (most rain comes from the ocean) and 
nearly all Earth’s oxygen. The ocean moderates the 
Earth’s climate, influences our weather, and affects 
human health.

b The ocean provides food, medicines, and mineral 
and energy resources. It supports jobs and national 
economies, serves as a highway for transportation of 
goods and people, and plays a role in national security. 

c The ocean is a source of inspiration, recreation, 
rejuvenation, and discovery. It is also an important 
element in the heritage of many cultures.

d Humans affect the ocean in a variety of ways. Laws, 
regulations, and resource management affect what is 
taken out and put into the ocean. Human development 
and activity leads to pollution (point source, non-
point source, and noise pollution), changes to ocean 
chemistry (ocean acidification),  
and physical modifications (changes to beaches, 
shores, and rivers). In addition, humans have removed 
most of the large vertebrates from the ocean. 

e Changes in ocean temperature and pH due to human 
activities can affect the survival of some organisms 
and impact biological diversity (coral bleaching due 
to increased temperature and inhibition of shell 
formation due to ocean acidification).

F Much of the world’s population lives in coastal areas. 
Coastal regions are susceptible to natural hazards 
(tsunamis, hurricanes, cyclones, sea level change, and 
storm surges). 

g Everyone is responsible for caring for the ocean.  
The ocean sustains life on Earth and humans must 
live in ways that sustain the ocean. Individual and 
collective actions are needed to effectively manage 
ocean resources for all.

the day's catch. A commercial fishing vessel off 
the coast of Santa Cruz, California returns to port. 



The ocean is largely 
unexplored.

a The ocean is the largest unexplored place on Earth—less 
than 5% of it has been explored. The next generation of 
explorers and researchers will find great opportunities 
for discovery, innovation, and investigation.

b Understanding the ocean is more than a matter of 
curiosity. Exploration, experimentation, and discovery 
are required to better understand ocean systems and 
processes. Our very survival hinges upon it.

c Over the last 50 years, use of ocean resources has 
increased significantly; the future sustainability of ocean 
resources depends on our understanding of those 
resources and their potential.

d New technologies, sensors, and tools are expanding 
our ability to explore the ocean. Scientists are relying 
more and more on satellites, drifters, buoys, subsea 
observatories, and unmanned submersibles. 

e Use of mathematical models is an essential part 
of understanding the ocean system. Models help 
us understand the complexity of the ocean and its 
interactions with Earth’s interior, atmosphere, climate, 
and land masses. 

F Ocean exploration is truly interdisciplinary. It requires 
close collaboration among biologists, chemists, 
climatologists, computer programmers, engineers, 
geologists, meteorologists, physicists, animators, and 
illustrators. And these interactions foster new ideas and 
new perspectives for inquiries.

7

UnderWater exPLOratiOn. Deep Worker sub-
mersibles explore the Flower Garden Banks National 
Marine Sanctuary in the Gulf of Mexico. 
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We face many complex 
challenges when it 
comes to a clean and 
healthy ocean, but one 
problem is simple to 
understand:

TRASH.
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Introduction
We depend on our ocean for the food we eat, the water we drink 

and the air we breathe. But beyond these vital resources, there 

exists a multitude of other reasons why we love the water, from 

the creatures who call it home to the shores we visit and explore.

Marine debris is one of the greatest threats our ocean faces, but luckily it is an issue with which we can all play a part in the 

solution. Talking Trash & Taking Action is a marine debris education partnership between Ocean Conservancy and the NOAA Marine 

Debris Program. It was developed as a means to educate the next generation about ocean trash and, most importantly, how we all  

can prevent it.

Thank you for taking part in Talking Trash & Taking Action. This instructor’s guide was designed in a flexible manner to fit your needs. 

Whether you have one hour, one day or one week, the information and activities in this guide will allow you to develop a personalized 

marine debris education program. The guide is designed to be a resource for activities and information that can fit into existing lesson 

plans or can be followed verbatim as its own set of lesson plans.
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pre- 
SURVEY

Objective: The Pre-Survey is to gauge participants’ initial 

knowledge of marine debris. At the conclusion of this program, 

participants will be asked to complete the same survey. The 

answers will be used solely to understand if marine debris 

knowledge increased after participating in the Talking Trash & 

Taking Action program. 

INSTRUCTIONS
1. The survey can be conducted individually or as a group. 

2. Explain that this survey is not being graded; it is simply for Ocean Conservancy and all of us 
(participants) to see how much we learn throughout this program.

3. If conducting individually: ask participants to fill out the survey and hand it back to you. It can be 
completed anonymously so participants do not think they are getting graded on the activity. Collect the 
surveys to send back to Ocean Conservancy.

4. If completing as a group: ask participants to put their heads down or cover their eyes. They should raise 
their hand when they think they hear the correct answer. Write down the number of responses for each 
answer to compare to the results of the Pre-Survey.

5. Tell participants that at the end of the program, everyone will take the survey again to see how much the 
group as a whole learned!

2
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SURVEY

1. Which of these activities can lead to trash in the ocean?    
 A. Throwing a gum wrapper out of a car window
 B. Accidentally leaving sand toys on the beach
 C. Wind blowing trash out of a full trash bin

 D. All of the above

2. Who is in charge of keeping trash out of the ocean?      
 A. The President 
 B. Beach visitors
 C. Trash collectors
 D. Everyone

3. True or False?
 The foam cups used to keep hot drinks hot and cold drinks cold are made out of plastic.  

4. Marine debris is…    

 A. An animal that lives in the deepest part of the ocean
 B. Any kind of trash that ends up in the ocean
 C. A small plant that floats on the surface of the ocean
 D. The seaweed that washes onto the beach

5. What is the main cause of marine debris in the ocean?    
 A. Land-based waste such as littering 
 B. Ships dumping trash into the ocean
 C. Plants and animals in the ocean 

 D. Tsunamis, hurricanes and tornados (storms) blowing debris into the ocean

6. True or False?         

 The ocean is always downstream.

7. Trash from which state can end up in the ocean?     
 A. Florida
 B. Michigan 
 C. Colorado
 D. Every state

8. Which of these is NOT a result of marine debris?       
 A. A harmful bloom of algae (red tide) 
 B. A seagull getting tangled in fishing line
 C. A person stepping on broken glass on the beach
 D. A turtle eating a plastic bag

9. The “Great Pacific Garbage Patch” is most like…        
 A.  A floating island of trash you can see from space
 B.  A plastic soup
 C.  A place for ships to take their trash
 D.  All of the above   

10. True or False?
 Marine debris is too small to damage boats.
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OBJECTIVES:

1.  To Define Marine Debris
• Where does it come from?
• What is it made of?
• How does it relate to me?

2.  To Explore the Inland to Ocean Concept
• Trash Travels
• Watersheds
• Ocean Currents and Gyres

3.  To Understand Impacts of Marine Debris
• On Ecosystems
• On Me and My Community

INTRODUCTION: TRASH TALE

OBJECTIVE: The purpose of this activity is to provide a fun and entertaining introduction to marine debris—what it is and 
where it comes from. 

INSTRUCTIONS: 

1. This can be completed as a group or in pairs. If working in pairs, have the participants split up the word 
blanks. There is a shorter tale provided in the online activity bank if time is limited. 

2. Have participants provide words to fill in the blanks of the story and then read the group’s story aloud or 
have paired participants read their story to another pair. 

TRASH TALE 1: THE JOURNEY OF JUNK

It was a hot summer day. The park was crowded with children, parents and [        pet (plural)        ]. Anna couldn’t wait for her 
favorite afternoon treat. She perked up as the jingling sound of [        song title        ] reached her ears. She ran up to the 
familiar colorful truck and ordered her favorite, a(n) [        food item        ] with chocolate and sprinkles. It tasted  
[        adjective        ], just as she expected! Then, she saw the other kids playing [        sport        ] and she wanted to join. She 
saw an overflowing trash can nearby and quickly tossed her plastic wrapper on top and ran off to play.

That night, it was so windy and rained cats and [        animal (plural)        ]. The plastic wrapper flew from his perch on top of 
the trash can and was swept away. He traveled down a shallow [        color        ] river until he was suddenly sucked down a 
narrow hole. SWOOSH!! “[        exclamation        ]!” he said, “It’s so dark down here. I can’t see a thing. And it smells  
[        adjective        ]!”. After many [        length of time        ], the plastic wrapper reached the end of the tunnel and  
tumbled down into a river. He floated on top of the water and meandered his way past [        plant (plural)        ] and  
[        animal (plural)        ].  Suddenly the water become cold and salty, and the wrapper realized he had reached the ocean!

The sun was hot like [        something hot        ]. The plastic wrapper sank beneath the surface and came face to face  
with a giant [        marine animal        ]!  “[        exclamation        ]”! He floated with the ocean current, minding his own 
business, when suddenly he felt a tickle! A(n) [        marine animal        ] was trying to eat him! It must think he is a(n)  
[        different marine animal        ]! The little wrapper tried to [        action verb        ] away but with no luck. Everything  
went dark. 

Oh, if only Anna had taken the little wrapper home. The little plastic wrapper could have been warm and [        adjective        ] 
back on land. He could have been re-used and made into a(n) [        item made of plastic        ]. Don’t let your trash get eaten. 
Always [good thing for the environment] or [another good thing for the environment]!
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PRE-CLEAN UP OBJECTIVE 1: Defining Marine Debris, Sources, and Types

What exactly is marine debris? 

ASK: Has anyone ever heard of marine debris?

Provide participants with this formal definition:

Marine Debris is considered 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 (NOAA).

ASK: Based on that definition, what items do you think are considered marine debris?

ASK: Do you think we can make our own definition that everyone would understand?

As a group, break down and discuss words in the official definition and develop a definition that everyone 
can understand.

ACTIVITY: WHAT DOESN’T BELONG?

OBJECTIVE:  Participants will learn what marine debris is and see how it doesn’t belong in the natural marine environment. 

MATERIALS: What Doesn’t Belong? graphic

INSTRUCTIONS: Using the provided graphic, have participants find what doesn’t belong in the picture. 



 ACTIVITY: TOP 15 MARINE DEBRIS ITEMS

OBJECTIVE: Participants will discover which trash items are the most common marine debris items collected on beaches 
and waterways, and they will explore the items’ composition and potential origin.

MATERIALS:

• Grey Debris Deck
• Top Marine Debris Items List (included at the end of the activity)

* This activity can be done without cigarette butts. Follow the same instructions below but exclude the “cigarette butt” card. 

 INSTRUCTIONS:

1.       SAY: Now that we understand what marine debris is, let’s determine what the most common 
types of marine debris are.

2. Give one marine debris item card (or the actual item, cleaned) to15 volunteers if you have a large group 
or give one to every participant if your group has 23 or less participants. 

3. Instruct participants to work together to determine what they think the most common collected marine 
debris items are. Instruct them to line up in order, from the most common item to the 15th-23rd 
(depending on number of participants) most common item. Make sure participants are holding their 
items or cards for the entire group to see.

4. Have each participant in line state his or her item and, if time allows, why he or she is in that spot (i.e., “I 
have plastic grocery bags and we think this is the number one item because we use them every day and 
see a lot of them on the street and in parks.”). Start at what they believe the most collected item is and 
proceed down the line. 

5. Using the Top Items list, arrange the participants in the actual order of the top marine debris items to see 
how close their guesses were.

* If you excluded cigarettes butts: Reveal to the group that, in fact, cigarette butts/cigarette filters are 
the number one marine debris item collected. The order of the list is still the same, only cigarettes/
cigarette filters are at the top, and this bumps the other items down a spot.

DISCUSSION: Ask participants these questions about the Top 15 list:

• Are you surprised by any of the items on the list?
• Where do you think these items came from? 
• What are these items made of? 
• How many are plastic?
• Do you use any of these items on a daily basis?

When this activity is over, have the participants hold onto their cards for the next activity.

9
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TOP 15 MARINE DEBRIS ITEMS
RANK MARINE DEBRIS ITEM TOTAL COLLECTED FUN FACT

1 Cigarette Butts 2,043,470
That’s enough cigarettes that when laid end to end, they are 
the same length as 4,257 school buses. Did you know these 
butts (the filters) are actually made from type of plastic called 
cellulose acetate?

2 Food Wrappers 1,685,422
Did you know that most food wrappers, including chip bags 
and candy wrappers are actually plastic? (See Marine Debris 
Composition to learn more.)

3 Plastic Beverage 
Bottles 940,170 That’s enough beverage bottles to give every fan attending 

the Super Bowl 11 sodas.

4 Plastic Bottle Caps 847,972 That is enough bottle caps that when laid end to end, they 
would cover 3 football fields.

5 Straws/Stirrers 555,007
In the United States alone, 500 million straws are used and 
thrown away every single day. 
(www.ecocycle.org/bestrawfree).

6 Plastic Grocery Bags 441,493 That’s enough grocery bags that when combined, they weigh 
more than a pickup truck.

7 Glass Beverage Bottles 394,796 All glass bottles can be beautiful and are great for reusing as 
vases or for other craft projects.

8 Other Plastic Bags 389,088 These include garbage bags, sandwich bags, clothing store 
bags, newspaper bags and more.

9 Paper Bags 368,746
It is estimated Americans consume more than 10 billion 
paper bags each year (www.inteplast.us/ibs/InteGreen/
facts.html). That’s a lot of bags!

10 Beverage Cans 339,170
Did you know once recycled, an aluminum can becomes 
a new can in as little as 60 days (www.kab.org/site/
PageServer?pagename=recycling_facts_and_stats)?

11 Plastic Lids 312,996 This category includes lids for to-go drinks such as soda and 
coffee.

12 Metal Bottle Caps 304,638 Metal bottle caps are great for crafts. Collect metals caps to 
use as decorations for picture frames or games like checkers.

13 Plastic Cups and Plates 282,743 That is enough cups and plates to host a block party for every 
single person in Newark, New Jersey.

14 Plastic Takeout  
Containers 234,692 Next time, think about reusing these to-go food containers 

for storing things such as baseball cards or craft supplies.

15 Other Plastic/Foam 
Packaging 233,595

This category includes plastic tarps, crates, fishing bait 
containers and the foam packaging that surrounds new 
appliances and electronics. While it may seem crazy, even 
foam is a type of plastic!

Source: 2013 International Coastal Cleanup.  
Please visit www.oceanconservancy.org/our-work/international-coastal-cleanup/ for the most up to date Top 10 List or www.coastalcleanupdata.org  

to find out your local top debris items found.
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MARINE DEBRIS SOURCES
OBJECTIVE: Participants will discover the main sources of marine debris.

Define the term source with participants. 

ASK: Where do you think marine debris comes from? or What is the source of marine debris?

Marine debris sources are broken into two main categories: ocean-based and land-based. The majority of marine debris  
originates on land.

1. Ocean-Based Sources:
• Fishing Vessels: Fishing gear such as fishing lines and traps can be lost from fishing boats (referred to as derelict fishing gear).
• Recreational Boaters: Trash and fishing gear can fall overboard if not stored properly.
• Stationary Platforms (Oil and gas drilling platforms): Hard hats, gloves, pipe protectors and 55 gallon drums can all be lost 

from platforms.
• Cargo and Other Vessels: Ships caught in rough seas can lose a variety of items that are being transported, including entire 

shipping containers. Shipping containers carry many products long distances from where they were made to where they will 
be sold. Products from sneakers to bath toys have been lost from cargo ships. 

2. Land-Based Sources:
• Litter: Any trash that is not properly disposed of can end up in waterways and eventually in the ocean. 

• Trash cans or recycling containers may not be readily available, which can lead to inappropriate disposal. Some people 
simply do not put trash where it belongs. Examples of littering include: leaving food wrappers at the park, throwing 
fishing line from a boat, or releasing balloons into the sky. 

• Littering can also be accidental. Examples include: a plastic grocery bag flying out of a car window or losing a ball at 
the beach. 

• Dumping: Disposal facilities for large or hazardous items may be difficult to find, or they may charge fees. Rather than pay 
these fees, people may dump large materials such as construction materials, appliances, furniture, mattresses and hazardous 
waste near creeks or rivers.

• Storm Water Discharges: Storm drains carry litter and runoff to waterways that lead to the ocean. Any trash left along the 
street can easily wash into storm drains and eventually make it to the ocean. 

• Poor Waste Infrastructure: In some parts of the world, there are no landfills or recycling centers for peoples’ trash. In fact, in 
many places, trash cans do not exist and trash is simply piled on the street or in dry riverbeds. Without a confined place for 
trash, it is very easy for waste to end up in the ocean.

• Natural Disasters: Events such as tornados, hurricanes, floods and tsunamis can scatter debris into the marine environment.
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ACTIVITY: MATCHING TRASH
OBJECTIVE: Participants will learn the different sources of marine debris as well as the different materials that marine 
debris is comprised of by grouping different types of marine debris together. 

MATERIALS:

• Grey and/or White Debris Decks (some participants already have these in hand from previous activity)

INSTRUCTIONS:

1. Participants should now understand the most common types of marine debris and where they originate.

2.      SAY: Now let’s look deeper into how items become marine debris and the different sources 
of ocean trash.

3. Make sure all participants have a card from the Debris Deck (some will already have cards from the 
previous activity). If there are more than 23 participants, pass out the additional item cards from the 
white Debris Deck.

4. Participants will have 2 minutes to group themselves based on what type of marine debris card they 
have. Participants can group themselves in any way they think makes sense. Examples include: fishing 
gear, food, made from plastic, land-sources, ocean-sources, etc. The possibilities are endless!

5. After the allotted time, have each group explain why they grouped together.  
     PROMPT, if necessary: Was it based on the source of the item? What the item was made of? 
What the item was used for?

6. (Optional) Participants will have an additional 2 minutes to group themselves based on different criteria. 
This gives participants a chance to be creative and shows how many different possibilities there are to 
match trash.  
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MARINE DEBRIS COMPOSITION
Up to this point, participants have discovered a lot about marine debris including what it is and where it comes from. Next, participants 
will learn about composition and what happens to trash once it enters waterways. 

ASK: Does anyone know what compose or composition means?
Allow participants to make guesses, and foster the discussion by providing hints. Then explain the definition of composition to participants.

ASK: What types of materials are marine debris items composed of?
To encourage responses,       ASK: Do you remember the top marine debris items? What materials are they made of  
(or composed of)?

Marine debris can be composed of a wide variety of different materials, but usually, marine debris is made of one or a combination of 
the following:

• Plastic
• Glass
• Metal
• Paper
• Cloth
• Rubber
• Wood

ASK: Which material do you think people find the most of when cleaning up marine debris?

• During the annual International Coastal Cleanup, over 80% of the marine debris items collected by citizen scientists are plastics. 
• If time allows,       ASK: Why do you think volunteers find so much plastic?
• Plastic is light, and much of it floats, so it’s more apt to be collected during cleanups. Also, many of the items we use every 

day are made of plastic, so there is high plastic consumption and plastic waste. 

SAY: We’ve learned that a lot of marine debris is composed of plastics, like plastic bottles and fishing line. But did you 
know that many other items are composed of plastic, too? 

ASK: What about chip bags? Does anyone think those are made of plastic?
Chip bags, even the shiny metallic inside, are composed of thin layers of a type of plastic. 

SAY: Even foam is a form of plastic. Take-out food containers, packing peanuts, foam cups and packaging that protects 
electronics (or items) like televisions are all a type of plastic.

MARINE DEBRIS DECOMPOSITION
SAY: Since we understand what composition means, can we figure out the definition of decomposition?

Once participants have the chance to guess the meaning, explain decomposition and biodegradation.

The formal definition of decomposition: the process of breaking down into pieces or simpler elements by natural processes, chemicals, 
or some other force (Oxford & Merriam-Webster).

The formal definition of biodegradation: a process by which microbial organisms transform or alter (through metabolic or enzymatic 
action) the structure of chemicals introduced into the environment (EPA).
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ACTIVITY: THE TIME IS RIGHT!
OBJECTIVE: Participants will learn the estimated length of time it takes for certain marine debris materials to decompose in the ocean.

MATERIALS: 
• Decomposition Chart (included below)
• (Optional) Portable white boards (included) and wet erase marker or paper and pencils for participants to write guesses 

INSTRUCTIONS:

1. Select 2 or 3 participants to “Come on down!” and stand in front of the group. 

2. Explain to participants that they will be asked to guess how long it takes for certain items to decompose 
in the marine environment (i.e., a week, 5 months, 400 years).

3. Select a marine debris item from the chart below and proclaim it to the group. 

4. Allow about 15 seconds for the contestants to write their guesses about the amount of time it takes for the 
item to decompose on the white board or piece of paper. Then have them reveal their answers to the crowd. 

5. Announce the actual amount of time it takes for the item to decompose. The contestant with the closest 
guess without going over is the winner of that round. 

6. If there is a tie (for example, the correct answer is a range of time and two participants answer within 
the range), then both win the round. 

7. Proceed through the entire list of items, making sure each participant gets a chance to be a “contestant.” 

 DISCUSS: Gauge participants’ reactions. 

       ASK: Are you surprised by the amount of time it takes for some materials to fully decompose? Which items?
       ASK: Many of the items we use for a few seconds or minutes may take hundreds of years to break down in the 

ocean. What do you think this means for trash in our ocean?

TYPE OF DEBRIS DECOMPOSITION RATE
Paper Towel 2–4 weeks

Newspaper 6 weeks

Apple Core 2 months

Cardboard Box 2 months

Cotton Shirt 2–5 months

Waxed Carton 3 months

Plywood 1–3 years

Wool Sock 1–5 years

Plastic Grocery Bag 10–20 years*

Foam Cup 50 years*

Tin Can 50 years

Aluminum Cans 200 years

Disposable Diaper 450 years*

Plastic Beverage Bottle 450 years*

Fishing Line 600 years*

*Items are made from a type of plastic. Although no one has lived for 450 or 600 years, many scientists believe 
plastics never entirely go away. These decomposition rates are estimates for the time it takes for these items to 

become microscopic and no longer be visible.  Sources: EPA, Woods Hold Sea Grant
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DECOMPOSITION RATES
These decomposition rates are an insightful way for us to look at the long-term impacts of marine debris in the future. Let’s revisit plastics.

SAY: In the previous activity, we saw that it takes a plastic bottle about 450 years to decompose. But does plastic ever  
completely return to a natural state?

The answer is no. Plastics are different from the other materials that make up marine debris. Plastics do not biodegrade the way other  
materials do. Instead, they photodegrade. Explain that this means that instead of being broken down naturally by other organisms, plastics  
are broken down into smaller and smaller pieces by the sun, wind and waves, but they never completely go away. 

 ACTIVITY: PLASTIC BREAKDOWN
OBJECTIVE: Participants will understand the difference between the breakdown of plastics and the decomposition of other 
materials and will see firsthand how photodegradation works. 

MATERIALS: 
• One piece of paper for each participant.  It does not have to be particularly big. The size of your hand will do.

INSTRUCTIONS:

1. Instruct participants to take their pieces of paper and see how many times they can break or rip that 
piece of paper into smaller and smaller pieces.

2. By the end, participants will likely have a pile of very small pieces that they can no longer rip.

DISCUSSION: 
• Explain that this activity mimics how plastics break down in the ocean. They are still there (as your piece of paper 

is), but they have simply been broken into many smaller pieces.

• Explain that these tiny pieces of plastic are called microplastics. Tiny plastic pieces are especially harmful as they 
are easily ingested by animals and are very difficult to remove from the marine environment.

PRE-CLEANUP OBJECTIVE 2: Inland to Ocean Concept, Ocean Currents and Gyres

In the previous objective, participants learned about marine debris: what it is, where it comes from and what it is made of. This next 
section will discuss how marine debris travels from land to sea. And once in the sea, how does it travel across oceans? 

TRASH TRAVELS THROUGH WATERSHEDS
To show how trash travels from inland waterways to the ocean, participants first need to understand the concept of a watershed.

ASK: How do you think trash travels to the ocean?

• Trash is carried from its original resting spot via wind or rain to storm drains. 

• Storm drains carry trash directly to waterways like streams and rivers.

• Following the path of their watershed, those rivers transport the trash to the ocean, resulting in marine debris (EPA).

Gauge participants’ understanding of the term watershed.

ASK: As a group, can we come up with a definition for the word watershed? 

“A watershed is the area of land where all of the water that falls in it and drains off of it goes into the same place” (USGS). 
Watersheds come in all shapes and sizes. They cross county, state, and national boundaries. In the continental U.S., there are 2,110 
watersheds; including Hawaii, Alaska and Puerto Rico, there are 2,267 watersheds (EPA).
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 ACTIVITY: TRACE THE TRASH
OBJECTIVE: Participants will demonstrate how trash travels through an inland watershed and reaches the ocean. 

MATERIALS:
• Laminated map of the rivers of the United States (provided) and wet erase markers

INSTRUCTIONS:

1. Ask volunteers to come up to the map and point out where they were born, their favorite place to visit or 
a location they really want to visit (or any other spot on the map).

2. Using the wet erase marker, have the participant imagine that a piece of trash was dropped on the map 
and have them trace the path the piece of trash would take by following the paths of the watershed. 

3. The participant should eventually trace a path that leads to the ocean. 

4. Have multiple participants volunteer to trace their trash. 

5. End with a brief discussion about how easy it is for inland trash to wind up in the ocean, even if that is 
not where it was intended to go. 

If you have access to a computer and wish to dive deeper on this topic, check out the USGS website to pin point your groups’ 
watershed (https://water.usgs.gov/wsc/map_index.html), and use the interactive map to trace your unique inland to ocean 
journey (http://nationalmap.gov/streamer/webApp/streamer.html).

TRASH TRAVELS ACROSS THE OCEAN
SAY: Okay, so now we understand how trash can reach the ocean even from places very far from the beach. 

ASK: Does anyone have a guess for what happens once trash enters the ocean? 

• Participants may start to discuss the impact to animals, such as “turtles eat it” with this question. While many of their 
answers will be correct, you are trying to elicit discussion about trash traveling around the world aided by currents and winds.

• Once in the ocean, currents and atmospheric winds carry trash. These systems can transport debris thousands of miles 
from its original starting point. Factors that affect currents such as seasons and large storms can also affect trash movements (NOAA).

ACTIVITY: CURRENT, CURRENT: WHERE DO YOU GO?
OBJECTIVE: Participants will learn about currents and have the chance to draw where they think a current belongs on the map.

MATERIALS: 
• Laminated world map (included) and laminated labeled current map (included)
• Wet erase markers

INSTRUCTIONS:

1.       SAY: Does anyone remember “Crush” from Finding Nemo? He spent a lot of his time in a current.

2.       ASK: Are there any volunteers who would like to draw a current on the map?

3. Encourage them not to be shy. Explain that this is a hard activity, but together the group can draw very accurate 
currents. Volunteers can simply draw a directional arrow pointing in the direction they think the current is flowing.

4. Once volunteers have drawn their current guesses, create the path of an actual surface current by erasing 
some of the incorrect guesses and joining other guesses. Use the provided map with current names and 
directions for assistance. 

5. Use the map the group created as a visual aid to start to discuss gyres.      
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OCEAN SURFACE CURRENTS: THE MARINE DEBRIS HIGHWAYS
Surface ocean currents are mainly driven by global wind patterns. You can think of wind as a solid object that scrapes along the top 
of the ocean and pulls water in the direction that it’s blowing. Ocean currents are made more complex because of land masses, the 
uneven heating of Earth, and the fact that Earth spins about its axis. (NOAA)

SAY: Currents are important because they carry nutrients and organisms (like Crush!) throughout the ocean, sustaining 
countless marine habitats and wildlife. 

Currents are also important because they regulate Earth’s climate. The Gulf Stream Current brings warm water from the equator along 
the east coast of the United States and eventually toward England. This current keeps Northern Europe much warmer than many 
places as far north.  

Currents, both at the surface and deep within the ocean also carry trash.

Circular currents cause the accumulation of marine debris in specific areas. 

• Gyres, or large rotating ocean currents, can trap trash and marine debris at their centers. 
This can also happen on a smaller scale as a result of eddies and other factors (NOAA).

• Gyre currents rotate clockwise in the Northern Hemisphere and counterclockwise in the Southern 
Hemisphere. Worldwide, there are five major subtropical oceanic gyres: the North and South Pacific Subtropical Gyres, the 
North and South Atlantic Subtropical Gyres, and the Indian Ocean Subtropical Gyre. (NOAA) 

• One of the most well-known gyres is the North Pacific Gyre. This area is also referred to as the 
“Great Pacific Garbage Patch” and has received a great deal of media attention. 

ASK: Has anyone ever heard of the “Great Pacific Garbage Patch”?

ASK: What do you think this “garbage patch” looks like? 

Participants may start to describe a large floating island of trash.   

The name “Great Pacific Garbage Patch” has led many to believe that this area is a large and continuous patch of easily visible marine 
debris, like an island that is visible from space. This is not accurate.

Higher concentrations of trash items can be found in this area, along with other debris such as derelict fishing nets, but most of the 
debris are actually very small pieces of plastic (NOAA).

The garbage patch is not so much an island as it is a plastic soup. Imagine the garbage as the vegetables and the ocean as the broth. 

Just like in soup, the pieces of trash in the gyre collect at different levels in the water column, not just at the surface. 

The debris is continuously mixed by wind and wave action and widely dispersed both over huge surface areas and throughout the top 
portion of the water column (NOAA).

The North Pacific Gyre is well known for the debris that has gathered at its center; however it is not the only plastic soup—marine 
debris accumulates in every ocean gyre.
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ACTIVITY: MAKE YOUR OWN GYRE
OBJECTIVE: To understand that oceanic currents create gyres and to show how trash travels through those currents, 
accumulates within the gyre, and may be sent back to shore. 

MATERIALS:
• A medium size circular container or bowl (pie tin, plastic food storage container, etc)
• A lightweight breakfast cereal (Lucky Charms works well) or another collection of small items that float.
• A spoon
• Water

INSTRUCTIONS:

1. Fill the container ¾ of the way full of water.

2. Explain to participants that this bowl represents the Pacific Ocean and the sides of the bowl represent land 
masses, such as Asia and North America. 

3. Add a small handful (no more than ¼ cup) of the cereal to the water. The cereal represents marine debris.

4. Using a spoon, stir the water in a circular motion for about 10 seconds, keeping the spoon near the edges 
of the bowl.

5. Remove the spoon from the water and watch what happens—the cereal will follow the “currents” and then 
some will begin to accumulate and group together at the center of the currents while others will be shot 
out of the current and will stick to the sides of the bowl.

6. Explain to the participants that this represents what happens to trash when it travels through ocean currents 
and into a gyre. The trash can accumulate at the center of the gyre (like the “Great Pacific Garbage Patch”), 
or it can be sent back to shore, where it collects on beaches far away from where it originated. 

7. (Optional): If you have enough materials available, split the participants into groups and allow each group to 
do the experiment on their own. The groups will see the same results. 

GO CLEAN UP THE GYRE?
ASK: Do you think we can clean up the ocean gyres by removing all the trash? 

SAY: Unfortunately, the situation is much more complicated:

• Never stationary: The ocean and gyres are always moving and changing throughout the year. 

• Difficult to see: Much of the debris is small pieces of plastic that cannot be easily spotted or collected. Other 
debris, like derelict fishing nets and traps, are difficult to remove without special equipment.

• Other marine life: These areas are also abundant with marine animals, some very small—even microscopic—
that make removing only the trash difficult.

• Cost: The gyres are so immense that the cost of cleaning just 1% would cost anywhere from $122 to $489 million  
a year! (NOAA)
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PRE-CLEANUP OBJECTIVE 3: Impacts of Marine Debris

IMPACTS ON ECOSYSTEMS
In the previous two objectives, participants explored what marine debris is, what it is made of, where it comes from, and how it travels. 

ASK: Now that we have talked all about marine debris, why should we care about the issue? Why is marine debris a 
bad thing for our ocean? 

• Participants should talk about the negative impacts of marine debris.
• Marine debris negatively impacts the marine environment, animals and even you.

EXPLAIN: Many of the things you are saying are called ecosystem impacts. 

SAY: Let’s create definitions for the words ecosystem and impact. (Note: This is only necessary if needed by participants.)

To help participants: The origin of the word “Eco” is Greek, meaning house. So think about it like this: “house system.” Your home and 
school are part of your: _______. (ecosystem)   

• Remember the word impact can also mean something positive. This will be discussed in more detail, but keep it 
in mind when defining impact.

• The formal definition of impact is: the effect or influence of one person, thing, or action on another (Oxford Dictionary).

ENTANGLEMENT
• Entanglement is one of the major issues caused by marine debris. Entanglement is when something becomes 

twisted or trapped by something else. Marine debris can easily entrap animals and cause serious problems. 

• Nets, ropes, lines, fishing gear, ribbons, 6-pack rings and many other types of marine debris can entrap 
marine species, limiting their ability to move, eat and breathe. 

• Ghostfishing: The phenomenon of animals (fish, marine mammals, turtles, etc.) getting caught in fishing nets, 
lines or traps that have been lost or released and are no longer being operated by people. 

• Entanglement can result in injury, illness, suffocation, starvation and even death.

• Animals spend valuable time and energy trying to escape from entangled trash on their bodies, but they are 
often unable to do so. 

• In 2010, 488 animals were found entangled by marine debris during the International Coastal Cleanup. 

• Although animals such as seabirds, sea turtles, whales, seals and sea lions are often the most impacted by 
entanglement, any animal can be entangled by marine debris, even animals like coral and sea urchins. 

            ASK: What kind of items might we find during our cleanup that could potentially entangle an animal? How?
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 ACTIVITY: RUBBER BAND ENTANGLEMENT
OBJECTIVE: Participants will gain an understanding of entanglement by simulating what this restriction may be like for  
marine wildlife.

MATERIALS:
• A rubber band for each participant. The rubber bands should be an average size; they will go once around the hand. The 

activity will not work if rubber bands are too large. Thicker bands are more of a challenge and are less likely to snap.

INSTRUCTIONS:

1. Each participant should hang the rubber band around his/her pinky 
finger of one hand.

2. Each participant should then stretch the rubber band across the back  
of their hand, and hook the rubber band on their thumb.

3. Have participants place their other hand (without the rubber band) 
behind their back.

4. Have participants now attempt to free the hand “entangled” in the  
rubber band without using their opposite hand, teeth or any other  
body part.

5. Allow participants 15 seconds to attempt to free their hands of the 
rubber bands.

DISCUSSION: 
• Prompt the discussion by       ASKING: Were you able to free your hand from the rubber band? How did you 

feel while trying to remove the rubber band?
• Explain that this activity mimics what it may be like for many marine animals when they become entangled in 

pieces of marine debris. Two common examples include seabirds becoming entangled in fishing line and sea turtles 
becoming wrapped in line, rope or other fishing gear. Explain that these animals, unlike us, do not have fingers or 
opposable thumbs that easily allow them to remove items.

 

INGESTION
ASK: Is there another way marine debris can hurt the ocean ecosystem or the animals living within the ocean ecosystem?

This is where participants should be eager to describe the potential for animals to ingest (eat) debris.

• Ingestion is another negative impact of marine debris on animals. Ingestion is when something, such as food, is 
taken into the body. More or less, ingestion is the same thing as eating something. 

• Many marine animals, such as mammals, birds and sea turtles have been known to ingest marine debris 
by accident. 

• Marine debris is often mistaken as a food source or is attached to a food source and ingested by an animal.

• Debris ingestion poses a serious health hazard and can lead to “loss of nutrition, internal injury, intestinal 
blockage, starvation, and death.” (NOAA)

• Plastics are the most commonly ingested form of debris.

ASK: What items could we collect on our cleanup that might be mistaken for food and be ingested by marine wildlife if 
left in the marine environment?

1

2
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ACTIVITY: FOOD OR FOE?
OBJECTIVE: Participants will come to understand how easily marine debris is mistaken for food and ingested by  
marine wildlife.

MATERIALS: 
• Timer/stopwatch
• Vanilla pudding (1 cup per participant)
• Blue food dye
• Gummy bears (enough for about 6–8 per participant)
• Gummy worms (2 per participant)
• Container for each participant (small paper bowls work well)
• Napkins
• Spoons 
• (Optional) Raisins or dried cranberries (spoonful per participant)
• (Optional) Sprinkles or Nerds candies (spoonful per participant)
• (Optional) Clean kitchen shears or knife and cutting board

SET-UP:

1. Scoop the pudding cups into individual bowls for each participant and add 2–3 drops of blue food dye to turn the 
pudding into an “ocean color”.

2. Rinse and keep the empty pudding cups for a fun upcycling craft to be completed later in the program.

3. Cut or tear gummy worms into quarters and put 6–8 quarters into each pudding ocean.

4. Put the same amount of gummy bears into each pudding ocean. (We recommend putting worm pieces and bears of 
the same color into each bowl—it is more challenging this way.)

5. Add a spoonful of raisins or cranberries to each bowl and mix all of the contents.

INSTRUCTIONS:

1. Each participant should have an ocean pudding bowl, spoon and napkin.

2. Inform participants that they should refrain from eating any pieces until after the game.

3. Tell participants that they are sea turtles trying to eat jellies. The jellies are squishy and can be clear or colorful for 
this activity. 

4. Explain that they are going to be given 20 seconds to collect as much food as they can from their pudding ocean. 
Instruct them to pull food out one by one, using the spoon, and place each piece on their napkins as they go. 
Remind them not to eat their food yet.

5. Start the 20 second feeding period, and tell the participants when to stop.

6. Instruct participants to now look at what they collected more closely and take note of how many gummy bears they 
collected as well as how many gummy worm pieces. They look very similar when mixed in the pudding ocean. After 
counting, return all pieces to the pudding ocean. *Note: raisin/cranberry pieces are added as a non-food item, such 
as leaves or driftwood, but may also stump some participants.

7. Now tell participants that the gummy worm pieces are actually plastic pieces, and that gummy bears are their main 
diet. In the second feeding period, participants should only aim to collect gummy bears—their actual food.

8. Prompt a short discussion by ASKING: Did you collect more plastic than your actual food? How might this 
same situation affect marine animals like sea birds that often ingest large amounts of plastic pieces?

9. Run the next 20 second feeding period. 

10. Have participants count the number of food pieces they collected. Did they accidentally collect “plastic” pieces 
again? Make note of everything collected and return all pieces once more to the pudding ocean.

(continued on next page)
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11. Prompt a short discussion by ASKING: Now that you knew to avoid the plastic pieces, did you have a harder time searching 
for food? Did you collect fewer pieces overall than the first round because you spent more time avoiding plastic?

12. (Optional) Finally, add a spoonful of sprinkles or Nerds candies to each participant’s mix. Mix them into each 
pudding ocean. Explain that this new item represents microplastic pieces.

13. Repeat the last round (where participants are aiming to collect only their gummy bear food) but now they must also 
try to avoid microplastic pieces that will stick to everything.

14. Run the final 20 second feeding period.

15. Have participants count the number of each item they collected: food, plastics and microplastics. 

16. Prompt a short discussion by ASKING: Did you accidentally collect microplastic pieces? Were you frustrated by how 
many microplastic pieces there were and how they stuck to all of your food pieces?

17. Now the game is over and participants may eat their pudding oceans if they wish!

DISCUSSION:
      SAY: Many marine animals are unable to tell the difference between food and marine debris. They often  
unknowingly ingest both large and small items (macro and microplastics) among other marine debris items. 
      ASK: Why is this a problem for animals?

This is problematic for a number of reasons:
• Animals that eat marine debris can feel “full.” However, their bellies aren’t filled with the nourishing food that they 

need to survive, but instead they are filled with trash that cannot nourish them and may even hurt them.
• Certain marine debris items like fish hooks or sharp glass or plastic can cause serious harm to an animal when 

ingested and can lead to death.
• Ingested marine debris can clog the digestive pathways within animals, which can lead to their death.

For an alternate version of this activity that does not require pudding, please refer to the online activity bank.

ME AND MY COMMUNITY
ASK: Does marine debris only affect ecosystems or does it impact other things too?

SAY: Can we make a list of things other than ecosystems marine debris could impact?

These questions are trying to get participants to think about trash as ugly and something they don’t want in their community. This is 
also the time to help spur discussion about the potential impact of marine debris on human health: if a small fish eats tiny pieces of 
plastic, then a bigger fish eats the smaller fish, and we eat bigger fish, what could that mean?

To facilitate this discussion,       ASK: Where are some places you like to visit or vacation? Does anyone enjoy vacationing at 
the local landfill?  

Marine debris doesn’t only affect ecosystems. It also has a negative impact on local communities, economies and even human health.

• Tourism: Marine debris, or trash, on the beach is not aesthetically pleasing. It negatively impacts the beauty of 
seashores around the world. This can make people chose other locations for vacations.  For towns that rely on beach 
visitors, marine debris can have a negative economic impact. For example, shops may have to close because there are no 
longer enough visitors to buy merchandise.

• Cleanup Costs: To keep beaches marine debris free, many towns will spend money to remove the trash. This 
can cost a lot of money—thousands and even millions of dollars. This money could be spent in other ways, perhaps building 
playgrounds, sports fields or libraries. 

• Boat Damage: Marine debris is often difficult to see when on a boat, and an encounter with marine debris can 
result in expensive damage. Large and small debris can be dangerous to boats and passengers. Large debris could crack the 
bottom of a boat, propellers may become entangled with fishing line, or system intakes can be clogged with a plastic bag.

• Human Safety: Marine debris can also be dangerous for people. Like other animals, swimmers can become 
entangled in debris. People can step on broken glass or needles. Passengers on boats that strike debris can be injured. 
Also, if people eat fish that have ingested plastics, what could that mean for our health? This is an emerging area of 
marine debris research, but a good start for a discussion on bioaccumulation. 
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Pose some or all of the following discussion questions to the participants:

• Would you rather visit a beach with trash or one without? Why? 

• What are some reasons one beach may have less marine debris than another beach?

• Do you think an ice cream shop on a clean beach or on a beach with lots of trash would have more customers? 

• How might a coastal economy fare if its beach is littered with marine debris?

ACTIVITY: TALKING TRASH & TAKING PRIDE
OBJECTIVE: Participants will think proactively about marine debris solutions after considering how trash could affect some-
where or something they feel significant pride towards. 

MATERIALS (OPTIONAL): 
• Pens/pencils/markers and paper for each participant 

INSTRUCTIONS:

1. Instruct participants to think about their favorite place, person or activity.

2. Then ask participants to consider all the different ways trash and/or marine debris could impact that 
place, person or activity.

3. Have participants think about ways they can encourage others to take pride in this place, person or 
activity, and to prevent marine debris and trash from affecting this place, person or activity.  

4. Ask participants to develop a catch phrase (no materials needed), poster, flag, flier or anything else they 
think would motivate their peers to also have pride in this favorite place, person or activity. 

5. The end goal of the motivational piece is to develop broader pride so that people care enough to prevent 
trash and marine debris from having any negative impacts on the place, person or activity. 

6. Example: A favorite activity could be surfing. The catch phrase could be: “Ride Waves NOT Waste; Put 
Trash in its Place!” or for soccer, a poster could have a picture of a young person kicking trash into a 
garbage can, and it reads: “Make the Game Winning Save, Kick the Littering Habit.”
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After completing the preliminary activities and information,  

participants should have a good understanding of marine debris. 

Planning and participating in a cleanup will help reinforce the ideas 

and principles covered in the previous section. 

Planning a cleanup will enable participants to examine their local watershed, exploring what is upstream in addition to what is down-
stream. They will have the opportunity to learn what species are present in their local ecosystems and to make decisions on where 
they think their cleanup will be most impactful based on their investigations. This is all in addition to simply having the opportunity to 
take direct action in the battle against marine debris. 

It is important to remember cleanups come in all forms. There is no need to live in close proximity to a beach, shoreline, or even water. 
As discussed in the previous section, the ocean is always downstream. Therefore, cleanups taking place at a local park or even a 
school playground are just as impactful and can reinforce the same principles as beach or river cleanups. 

BEFORE THE CLEANUP
In addition to prefacing the cleanup with educational information and activities, it is also important to prepare for the cleanup itself. If 
time allows, it can be very rewarding for the participants to assist in the decision making process regarding where to hold the cleanup. 
However, if time or other situational constraints preclude participants from this step, instructors can choose a location, keeping in mind 
the questions below. 

CHOOSE A LOCATION

To determine a great cleanup location, include participants using the following discussion prompts. These questions can be addressed 
individually as a take-home activity, in small groups or in a large group discussion. If time is limited, key questions are starred.

• *Where in our local community do you think would be a great place to conduct a cleanup? Why 
do you feel this would be a great location? 

• *Would this location be safe for our entire group to collect trash?

• Can you think of any safety hazards we should be aware of before we conduct our cleanup?

• What watershed would this cleanup spot be located within?

• What is upstream from this location? What’s downstream?

• *Where could the trash in this location have come from? Where would trash in this location end up? 
(Ask if participants need assistance with the preceding question.)

• How would trash in this area affect the surrounding environment?

• *What animals or plants might be affected by trash in this location?

• Are there any endangered or threatened species that could be impacted by our cleanup?

• *How might humans be affected (think homes, stores, schools, etc.)?

• If we host a cleanup in this location, could our actions have any negative impacts? What should we do to 
prevent harming the environment while we are conducting the cleanup?

• What will we do with the trash once we clean it up?
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The goal of this discussion is to determine a great cleanup location. The location should be safe. If the location you wish to clean is a 
park, marina, private property, etc., make sure to contact the site and ask for permission to have a cleanup there on your desired date 
and ensure you don’t need any permits. Ask the park or other site contact where the collected trash should be disposed. Most sites will 
offer to collect the trash and dispose of it for you. Other sites may have a dumpster on site where trash can be left, but in some cases, 
it may be necessary to contact a waste management organization to help dispose of the trash properly. Once you have permission, 
permits (if applicable) and a waste disposal plan, it is important to prepare for the cleanup day. Follow these steps to be completely 
prepared for the cleanup.

BE PREPARED

1. Visit the cleanup site in advance to determine:

A. Where to set up a  “home base” or meeting point 

B. Where to leave bags of trash and recyclables

C. What areas participants will clean

2. Get your supplies. For a successful cleanup, you will need:

A. Trash bags (or have participants bring reusable containers, like buckets)

B. Gloves (gardening gloves or disposable latex-free gloves) for participants (or have them bring their own gloves)

C. Container for sharp or hazardous items. 

D. Cleanup data forms to record the items picked up (included in this packet)

E. Pens or pencils

F. A first-aid kit for minor cuts and scrapes

G. A water cooler with enough water to keep all participants hydrated, especially in warm temperatures

H. Optional: If you have a few clipboards, these are helpful for holding data forms.

I. Optional: If you have a fish or a luggage scale (a scale with a hook) at home, you can use it to weigh the trash 
you collect.
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3. For the safety of you and your participants, keep the following in mind:

A. Review what to do in case of a health emergency (heat exhaustion or heatstroke, broken bone, etc.). It might be 
helpful to have another leader on hand that has basic medical training or knows first aid.  

B. When visiting the site, look for natural and man-made safety hazards, such as rocky areas, highly variable tides, 
poisonous plants, high-speed roads, power lines, etc. If necessary, inform participants that they may need to 
dress accordingly, such as wearing long pants or closed-toed shoes.

C. Plan ahead for handling sharp items, including syringes or pieces of broken glass. We recommend disposing of 
these items in a container with a tight screw lid, such as an empty liquid laundry detergent bottle that you have 
clearly labeled. Ask younger participants to point these objects out to an adult so they can be disposed of properly. 

D. Find out how to contact the local Fish and Wildlife Service office in case you encounter any dead, entangled or injured 
wildlife. You can report these finds on your data form, but be sure to leave any wildlife handling to the experts.

GUIDANCE FOR COMPLIANCE

The following best practices are generally used for NOAA Marine Debris Program (MDP) activities to ensure compliance with appli-
cable laws for environmental protection and to minimize or avoid potential impacts on environmental resources. Some practices are 
species, location, and seasonal dependent and may have been developed in consultation with the National Marine Fisheries Service 
(NMFS) or the United States Fish and Wildlife Service (FWS). 

• General Conservation:  All activities avoid or conserve the habitat of any endangered or threatened 
species. This may include using buffer areas around sensitive resources (e.g., rare plants or archeological sites would be 
pre-identified and avoided). Other examples include not coming within three nautical miles of a Steller sea lion critical 
habitat without applicable federal permits; observing a buffer of at least 100 yards from an endangered species rookery; 
avoiding salmon spawning areas during spawning season; and avoiding piping plover nesting areas during nesting season.

• Project Timing:  Timing of activities would be limited to periods when important species are least likely to 
be in the project area (e.g., pre-determined windows of time when anadromous fish are not expected to be utilizing the 
project area) to minimize any potential impacts to living marine resources. Actions are limited to times when vulnerable 
life history stages of protected species are not present to avoid potential adverse impacts on that life stage and overall to 
minimize adverse impacts to that species. The MDP would consult with the NMFS Office of Protected Resources (OPR) 
before working in areas that are known to be utilized by endangered fish or other animals.

• Sea Turtles:  Sea turtles are susceptible to artificial lighting that is visible from the beach, barriers on the beach, 
and disturbance of the nest site by humans and predators. Avoid using light when possible; otherwise shield the light so it 
does not reach the beach. Minimize physical disturbance of beach material to reduce the likelihood of adverse impact to a 
sea turtle nest. Use animal-proof waste containers to minimize attraction of non-native predators to beach areas.
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DURING THE CLEANUP
To ensure a smooth and successful cleanup experience, be as prepared as possible before participants arrive.  Designate your check-
in station/meeting point and trash drop-off location. 

Once on site, be sure to address the following before starting the clean-up:

• Emphasize the importance of safety. Instruct participants to stay in groups and within eye and voice 
contact of adults. This can NOT be an individual activity. 

• Point out any safety hazards and recommend how to avoid these hazards. Remind participants 
what to do when they encounter items such as sharp objects or dead, entangled or injured animals. Younger participants 
should not touch any sharp items; have participants point these items out to an adult who will safely dispose of the item. 

• Remind students they are scientists for the day: Today we are all scientists! As scientists, we must collect 
data while cleaning up. The data we collect will not only tell us more about what items we are finding locally, but will also 
be added together with data from around the world to create a global picture of the marine debris problem. These data will 
help us think about local solutions to marine debris.  Ask participants to use tick marks to record debris items; words such 
as “lots” and “many” are not useful for data analysis.

• To make data collection easier, participants should work in small teams with each team focused 
on one data card.

• If you have other leaders’ assistance, establish a point-person to stay at the meeting place 
so there is always one person to handle questions, late arrivals, emergencies, etc. 

• Inform participants what to do with the filled bags of trash, and set an end time for the cleanup so that 
everyone returns together.

• Take before and after photos of the cleanup site as well as photos of your participants in action and a 
final group picture with all of the trash collected. One of the best parts of a cleanup is documenting the participants’ impact.

• Optional: If you have a scale with a hook, use it to weigh the trash collected. This can be done at the end as a 
group or as participants return with full trash bags.  If you don’t have a scale, you can use a standard conversion of 15 
pounds per trash bag to estimate the overall weight of your collected trash.

• As the participants finish, collect all completed data forms. Make sure participants note how many 
people worked on each card.

• All Preventing Ocean Trash activities can take place at the cleanup site, once all participants 
have returned to the meeting spot. If short on time, conduct a short group discussion with participants about their initial 
reactions to the cleanup and the items they collected. Discussion prompts are provided in the next section. 

• When the group is ready to leave, ensure all trash is either left at a designated drop-off location or 
taken with you to dispose of properly. No materials should be left behind.
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AFTER THE CLEANUP
When your cleanup is over, be sure to collect all of the data forms so that the information can be returned to Ocean Conservancy. 
At the completion of the Talking Trash & Taking Action program, please send data cards, pre- and post-survey results, and any 
other pictures, stories, or reactions to the following address.  

Email: cleanup@oceanconservancy.org

Mail: Ocean Conservancy
Attn:  Talking Trash & Taking Action
1300 19th St NW, 8th Floor
Washington, DC 20036

Data from cleanups around the world, including yours, can be seen at coastalcleanupdata.org. Sign in as a guest to check out data 
from hundreds of different cleanup sites across the globe. 

Turn to the final chapter for concluding discussion topics and activities for participants following the cleanup. 
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OBJECTIVES:

1. To Discuss Reactions to the Cleanup Experience

2. To Relate to the Items Collected and Their Journey

3. To Think Creatively and Critically about Ocean Trash Prevention

REACTING AND RELATING TO CLEANUP
Now that participants have learned all about marine debris and conducted their own cleanup, it is important for individuals to share 
their reactions to the cleanup experience. This will help conclude the program and move participants to focus on marine debris 
prevention. Participants now have hands-on experience with the information discussed throughout the Preliminary activities and should 
be ready to discuss the issue in an action oriented and prevention focused way. 

ASK the participants:

• How did this experience make you feel? 
• Did you feel frustrated? Surprised? Motivated?
• Were you surprised by some of the items found? 
• Which items surprised you the most? Why?
• Were you surprised by the quantity (amount) of certain items? If you have time to total participants’ data forms before 

the discussion,       ASK: Were you surprised by the top 5 collected?
• How many of the items you collected do you recognize? Do you use many of these items at home? Could any of 

the items be found in your lunch box? 
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ACTIVITY: TALKING CRAZY TRASH

This activity can be conducted as a group at the cleanup site, directly following the cleanup and discussion, individually as a take home 
activity, or in the days following the cleanup in small groups. 

OBJECTIVE: Participants will think critically about the journey of trash and how a specific item could have not become  
marine debris. 

MATERIALS:
• Participants’ memory of the craziest, weirdest item they collected
• (Optional) Pen/pencils/markers
• (Optional) Paper
• (Optional) Device for audio and/or video recording (can be a smart phone) 
• (Optional) White board and dry erase markers

INSTRUCTIONS:

1. Have participants break into small groups (can be done individually if preferred).

2. Once in small groups, have participants share what was the craziest or weirdest item they collected 
during the cleanup. It is not necessary for the item to be very strange; any item will work.

3. Ask each group to pick one of the items participants shared.

4. Explain to participants that they will be creating the story of that item’s journey. Most importantly, they 
will conclude the story with how they would have become Ocean Heroes and stopped that item from 
ending up where it was collected by the group. 

5. Participants can choose how they would like to tell the story. They can write an actual story or poem, 
create a comic strip, write lyrics to a song or rap, act out the journey as a skit, or even make a video.  

TRASH MATH: DIVE DEEPER WITH DATA
Following the Cleanup, organizing and analyzing the data can help participants understand the specific marine debris problems in your 
area and enhance math skills. Once trash data have been collected, participants can use these data to run age appropriate statistics 
and calculations. They might determine the most common item collected or look at the mean, median and mode of certain items 
across the group. These data can also be graphed, made into a pie chart, or analyzed with a multitude of different math calculations. 
Participants can calculate totals, percentages, ratios, averages, probability, etc. For an example math worksheet using the cleanup data, 
please see the online activity bank.
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MARINE DEBRIS PREVENTION
Conducting cleanups is a great way to collect items that have already become marine debris and prevent them from traveling further 
down the watershed or throughout our ocean. However, cleanups are not a long term solution to the problem of marine debris. If 
proactive steps are not taken to start to change behavior and address trash before it becomes marine debris, we will continuously have 
to conduct more and more cleanups. Through increased prevention strategies, cleanups would ideally become unnecessary. Therefore, 
Talking Trash & Taking Action concludes by engaging participants in a multitude of marine debris prevention strategies. 

SAY:  Since we have started talking about being Ocean Heroes by preventing trash from entering our waterways, let’s 
discuss prevention further. 

ASK: Can anyone define prevention or give us an example of one way to prevent marine debris? 

Prevention: the act or practice of stopping something bad from happening 

SAY: Let’s start with some simple prevention techniques. Who has heard of the three R’s? 

1. Reduce: to make smaller or less in amount, degree or size

We can: Reduce the amount of trash produced by decreasing the amount of disposable items we use. 
Replacing a single-use item with a reusable item, such as a water bottle or grocery bag, will reduce the 
amount of items that could eventually end up in the ocean. 

2. Reuse: to use again especially in a different way or after reclaiming or reprocessing

We can: Find a way to reuse trash instead of throwing it away. Reuse items for the original purpose, repurpose 
them into something new, or donate them. 

3. Recycle: to make something new from something that has been used before; to convert waste into a 
reusable material

We can: Learn about all the products that are recyclable in our area. Whether at home, at school or on the go, 
make sure your plastics, glass, metals, cardboard and papers are properly disposed of in recycling receptacles. 
To help understand plastics recycling, share the “Recycling Decoder”, found in the back of this book. 

ASK: Can you think of more ways to prevent marine debris? Let’s list as many prevention ideas as we can.

To help with this, ask participants to think back to the discussion about marine debris sources and to be creative. Here are some 
additional examples:

• Upcycle: Take something that might have been thrown away or recycled and create something new and better with 
it. Repurpose it or use it for an art project.  

• Good trash practices: Always use proper trash and recycling receptacles that are not overfilled. Pick up 
trash from the ground when you can and never litter. 

• Innovation: Support establishments that use innovative ways to avoid single-use items, such as utilizing all 
compostable products or providing pasta, like spaghetti, instead of plastic stirrers for coffee. Or create your own innovative 
ways to prevent marine debris. 

• Educate others: Talk to friends and family about what you have learned about marine debris and how to 
prevent it. We are all responsible for this issue, and we can all help prevent marine debris.

• Proper Waste Management: Ensure that trash cans (inside and outside) don’t become overfilled so 
trash won’t easily escape. 

• Increased Disposal Availability: By making proper disposal and removal of trash more available 
and increasing incentives for proper disposal, waste management companies can help prevent intentional dumping of 
waste into the marine environment. 

• Storm Water Drainage: Storm water stenciling programs help control storm water discharge and prevent 
marine debris from traveling. Also, installing something called a catchment device can trap trash before it enters the storm 
drain or as it is traveling down streams.  

• Government Action: Programs and laws enacted and regulated by larger bodies such as government 
agencies help prevent acts such as marine dumping. One example is the International Convention for the Prevention 
of Pollution from Ships, now known universally as MARPOL. MARPOL includes regulations aimed at preventing and 
minimizing pollution, including trash, from ships (International Maritime Organization).



34

ACTIVITY: PREVENTION CORNERS 
OBJECTIVE: Participants will examine different prevention methods as they pertain to particular items of marine debris and 
think creatively on multiple options for marine debris prevention.

MATERIALS:
• White Debris Deck, can also use Grey Debris Deck, if needed 
• Open space or room to clearly divide into four corners
• (Optional) Half sheets of paper to make “signs” to label the four categories: Reduce, Reuse, Recycle, Other

INSTRUCTIONS:

1. Pass a marine debris item card to each participant.

2. In an open space, designate four separate spaces or corners and label these the 3 R’s: “Reduce”, “Reuse” and 
“Recycle” plus one “Other” spot.

3. Explain the “Other” corner includes any of the ideas listed a few minutes ago and provides the chance to be 
creative when thinking about marine debris prevention.

4. Explain to participants that they must choose one of the corners as an alternative outcome for their item, instead 
of becoming marine debris. For instance, someone with “grocery bag” might choose the “Reduce” corner while 
someone with “beverage bottle” might choose the “Recycle” group.

5. Provide participants with about 2–3 minutes to move to their desired outcome corner, based on their individual items.

DISCUSSION:
• Ask each participant to explain his or her choice for that marine debris item. Start in one corner and work around to 

all four categories. You can prompt students with these questions:
            ASK: 

• What is your item?
• Why did you choose this corner?
• If you chose “Reduce” or “Reuse,” how would you reduce/reuse that item in a different way?
• If you chose “Other,” what outcome did you come up with for your item? This can be as simple  

or creative as participants wish. For instance, someone with “microwave” may simply state “dispose of  
responsibly” or a participant with cigarette butts may say “outlaw smoking.”

• Explain to participants there is no right or wrong answer. All of the items could go into multiple categories. 
• (Optional) Provide students an additional 2 minutes to choose a new category for their item and repeat the  

discussion prompts with a couple of the participants. 
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ACTIVITY (TAKE-HOME): UPCYCLING CRAFT PROJECT 
A day or two before this activity, ask participants to start saving cool trash or recycling items from home like empty plastic bottles, 
bottle caps, soda cans, tissue boxes, etc. Advise them to wash and dry items thoroughly and bring the clean items for an activity.

(Optional) Before your cleanup, remind participants to keep cool or interesting items out so they can be cleaned and used for an 
upcycling activity. 

For additional upcycling craft ideas, please refer to the activity bank online.

OBJECTIVE: Participants will learn about the art of upcycling and how to take items that normally would be thrown away and 
repurpose them into an arts and crafts project. 

MATERIALS:
• Plastic bottle caps varying in sizes and colors
• Permanent markers 
• Googley eyes (preferably with sticker backs)
• Scrap/recycled paper
• Glue (if using pipe cleaners or magnet strips)
• (Optional) Pipe Cleaners
• (Optional) Magnet strips

INSTRUCTIONS:

1. Allow each participant to select one or two bottle caps.

2. Pass out the decorating supplies (googley eyes, markers, etc.)

3. Show examples of already made bottle cap monsters/faces.

4. Allow participants to decorate their bottle caps using their own creative ideas.

5. Assist younger participants with permanent markers!

6. Use self-adhesive round magnets, or use the following instructions with magnetic tape.
• Pass out strips of 1” pre-cut magnet strips along with two bottle caps, one smaller than the other.
• Glue the smaller of the bottle caps face up inside the other cap to create a platform on which the magnet strip 

can be stuck.
• Have participants decorate the front of the bottle cap however they’d like using the art supplies.
• Stick the magnet strip to the back (onto the second bottle cap) to create a magnet.

7. See activity bank for other bottle cap upcycling ideas.
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post- 
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Objective: The Post-Survey is to gauge how much participants 

learned about marine debris. These are the same questions 

participants were asked at the beginning of the program. The 

answers will be used solely to understand if marine debris 

knowledge increased after participating in the Talking Trash & 

Taking Action program. 

INSTRUCTIONS
1. The survey can be conducted individually or as a group. 

2. Explain that this survey is not being graded; it is simply for Ocean Conservancy and all of us 
(participants) to see how much we learned by participating in this program.

3. If conducting individually: ask participants to fill out the survey. It can be completed anonymously so 
participants do not think they are getting graded on the activity. Collect the surveys to send back to 
Ocean Conservancy.

4. If completing as a group: ask participants to put their heads down or cover their eyes. They should raise 
their hand when they think they hear the correct answer. Write down the number of responses for each 
answer to compare to the results of the Pre-Survey.

5. Reveal to the group how much they learned over the course of this program by going over the answers 
and comparing the number of correct answers to the first time participants completed the survey. 

SURVEY
Please refer to Pre-/Post-Survey on page 5.

ANSWER KEY 
1. D  |  2. D  |  3. True  |  4. B  |  5. A  |  6. True  |  7. D  |  8. A  |  9. B  |  10. False
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7
conclusion
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Thank you very much for participating in Talking Trash & Taking 

Action. We sincerely hope you and all the participants enjoyed 

exploring ocean trash. Everyone should be incredibly proud 

of their journey, having learned about ocean trash and feeling 

empowered to prevent it.  

NEXT STEPS:
Please send Pre- and Post-Survey results, a summary data card (with totals and Cleanup location information included) and any 
reactions, stories, comments, photos, etc. that you would like to share with Ocean Conservancy to: Cleanup@oceanconservancy.org or

Ocean Conservancy 
Attn: Talking Trash & Taking Action
1300 19th Street NW
8th Floor
Washington, DC 20036

Once Ocean Conservancy receives survey results and data cards, we will send enough patches or key chains for all participants. 

Please stay in touch. Every time you complete Talking Trash & Taking Action, let us know. Ocean Conservancy would like to provide 
as much assistance as possible to help educate our future generations. If you have questions, comments, stories or suggestions, we 
would love to hear them. Please send them to one of the addresses above. 

Celebrate & Share! Share your experiences with Talking Trash & Taking Action with friends and family or on social media. The more  
we all know about ocean trash, the more we all can have an impact!



40
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8
vocabulary
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• Bioaccumulation: the accumulation of a substance (as a pesticide) in a living organism 1

• Biodegrade: capable of being slowly destroyed and broken down into very small parts by natural processes,  
bacteria, etc. 1 

• Composition: the way in which something is put together or arranged; the combination of parts or elements that 
make up something 1 

• Decomposition: the process of breaking down into pieces or simpler elements by natural processes, chemicals, 
or some other force 1   

• Eddy: a circular current of water or air 1 

• Entangle: to cause (something) to get caught in or twisted with something else 1 

• Ghostfishing: lost or abandoned fishing gear that continues to catch fish 2   

• Gyre: large system of rotating ocean currents that spiral around a central point 3   

• Ingest: to take (something, such as food) into your body; to swallow (something) 1  

• Litter: Rubbish such as paper, tins, and bottles left lying in an open or public place 4 

• Marine Debris: any persistent solid material that is manufactured or processed and directly or indirectly, inten-
tionally or unintentionally, disposed of or abandoned into the marine environment or the Great Lakes; trash and other solid 
material that enters oceans and coastal waters 3, 5  

• Microplastics: pieces of plastic that are less than 5mm long; Microplastics are often created by the breakdown of 
larger pieces of plastic over time. They can also be manufactured. For example, pre-production industrial plastic resin pellets 
(nurdles) or plastic “micro-scrubbers” in face wash are considered microplastics. 3 

• Photodegrade: to be broken down by the action of light, especially sunlight 4  

• Prevention: the act or practice of stopping something from happening or existing 1

• Recycle: to make something new from something that has been used before; to convert waste into a reusable material 1, 4 

• Red tide: a harmful algal bloom that occurs when colonies of algae grow out of control and discolor water while pro-
ducing toxic or harmful effects on people, fish, shellfish, marine mammals, and birds 3 

• Reduce: to make smaller or less in amount, degree or size 4

• Reuse: to use again especially in a different way or after reclaiming or reprocessing; to use more than once 1, 4  

• Source: a place, person, or thing from which something comes from or can be obtained 4  

• Upcycle: to reuse discarded objects or material in such a way as to create a product of a higher quality or value than 
the original, for example, upcycled art or upcycled furniture 4  

• Watershed: the area of land where all of the water that is under it or drains off of it goes into the same place 5 

SOURCES: 1 Merriam-Webster; 2 Food and Agriculture Organization of the United Nations; 3 NOAA; 4 Oxford Dictionaries; 5 EPA
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