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Kelp Forests: A Blue Carbon Bank

Lesson Specifications
Grade Level

6-8

Timeframe

Two 45-min sessions
Materials

Teacher: Internet-enabled
computer, projector and
screen, paper

Student: Internet-enabled
device, science notebook
or printed worksheets,
pencil

Key Words

blue carbon, carbon cycle,
carbon storage, kelp
forest, food web,
photosynthesis, sediment,
ecosystem, stewardship

Standards

NGSS: MS-LS2-3, MS-
LS2-4, MS-ESS3-3
Ocean Literacy: 5, 6, 7
Climate Literacy: 2, 6, 7

Close up view of giant kelp
(Macrocystis pyrifera).
Photo: Dwayne
Meadows/NOAA

A gray whale cow and calf navigate through a kelp forest. Photo: Wayne
Perryman/NOAA

Activity Summary

This lesson introduces students to kelp forests as important blue carbon
ecosystems within Monterey Bay National Marine Sanctuary. Through an
immersive 360-degree video experience, students observe organisms and
habitat features found in kelp forests and explore how kelp captures
carbon and moves it through the food web. Along with guided species
research and a hands-on modeling activity, students investigate how
environmental shifts can influence carbon storage and identify ways
people can help support healthy kelp forest ecosystems.

Learning Objectives
Students will be able to:

¢ Identify algae and animals in a kelp forest and explain their roles in
the food web.

e Describe how kelp forests capture carbon from the air and water and
how that carbon moves through the food web.

¢ Explain how some carbon can be stored in ocean ecosystems for long
periods of time.

¢ Propose actions that people can take to help kelp forests stay healthy
and continue storing carbon.

https://sanctuaries.noaa.gov/education




California’s Big Sur céastlfne looks north toward Monterey Bay National Marine Sanctuary.
Photo: Robert Schwemmer/NOAA

Background Information
NOAA'’s National Marine Sanctuary System

NOAA’s National Marine Sanctuary System is a nationwide network of protected marine and Great
Lakes areas established to conserve important ocean ecosystems, cultural resources, and maritime
heritage. Since 1972, NOAA’s Office of National Marine Sanctuaries has served as the trustee for this
system, which now encompasses more than 629,000 square miles of U.S. waters. These protected areas
function as underwater parks that balance conservation, scientific research, education, and responsible
public use.

National marine sanctuaries protect a wide range of habitats, including coral reefs, kelp forests, deep-
sea canyons, estuaries, shipwrecks, and freshwater ecosystems. By safeguarding these environments,
sanctuaries help maintain biodiversity, protect food webs, and support ecological processes such as
nutrient cycling and carbon storage. Sanctuaries also preserve sites of cultural and historical
importance, including shipwrecks and areas significant to Indigenous communities, recognizing the
long-standing human connections to marine environments.

In addition to conservation, sanctuaries serve as living laboratories where scientists study ocean
processes, changing ocean conditions, ecosystem health, and human impacts. The data and knowledge
gained from sanctuary research inform critical management decisions and contribute to a broader
understanding of how ocean systems function. Sanctuaries also play a key role in public education by
providing opportunities for students, educators, and communities to explore marine science, build
environmental literacy, and develop a sense of stewardship for ocean resources.

Healthy sanctuary ecosystems provide important benefits that extend far beyond their boundaries.
These benefits include supporting fisheries, protecting coastlines, storing carbon, and sustaining
tourism and recreation. By protecting key marine environments today, the National Marine Sanctuary
System helps ensure that ocean ecosystems can continue to provide ecological, economic, and cultural
benefits for future generations.
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Monterey Bay National Marine Sanctuary

Monterey Bay National Marine Sanctuary is one of the largest and most biologically diverse national
marine sanctuaries in the United States. Located along the central California coast, the sanctuary
stretches from Rocky Point in Marin County in the north to Cambria in the south and extends offshore
into the Pacific Ocean. This region includes a variety of habitats, ranging from sandy beaches and rocky
intertidal zones to expansive kelp forests, open-ocean pelagic waters, and one of the largest underwater
canyons on the West Coast.

The Monterey Submarine Canyon is a defining feature of the sanctuary and plays a major role in
shaping local ocean conditions. The canyon channels deep, cold, nutrient-rich water toward the surface,
fueling high biological productivity. These nutrients support phytoplankton growth, which forms the
base of marine food webs and helps sustain the sanctuary’s abundant marine life. As a result, Monterey
Bay National Marine Sanctuary supports thousands of species, including invertebrates, fish, seabirds,
marine mammals, and large predators.

Monterey Bay National Marine
Sanctuary Environments

3 - Estuarine

- Nearshore

[:] Offshore

- Seamount —\

Location of Monterey Bay National Marine Sanctuary off the coast of northern California with bathymetrical and
topographical information (left) and the types of environments found within the sanctuary (right). Photos: (left)
NOAA, (right) S. De Beukelaer/NOAA




Kelp forests within the sanctuary are among the most productive ecosystems on Earth. These
underwater forests provide necessary habitat, food, and shelter for a wide range of organisms while also
playing an important role in coastal carbon cycling. In deeper offshore areas, pelagic ecosystems
support migratory species such as whales, sharks, and seabirds, highlighting the sanctuary’s importance
across multiple spatial scales.

Monterey Bay National Marine Sanctuary also serves as a hub for scientific research, education, and
public engagement. Scientists study ocean circulation, changing ocean conditions, ecosystem resilience,
and human impacts within the sanctuary’s boundaries. Educational programs use the sanctuary as a
real-world classroom, helping learners connect scientific concepts to observable marine environments.
By protecting ecosystems from the shoreline to depths of 12,743 feet, the sanctuary provides a powerful
example of how place-based protection supports both ecological integrity and human understanding of
the ocean.

Underwater view within a kelp forest. Photo: NOAA

The Carbon Cycle

The carbon cycle is the continuous movement of carbon among Earth’s major systems: the atmosphere,
the ocean, the land, and living organisms. Carbon is a fundamental element of life and is a key
component of plants, animals, soils, rocks, and seawater. As carbon moves through these
interconnected systems, it supports biological processes, drives food webs, and helps regulate Earth’s
climate and environmental conditions. Maintaining a balance in the exchange of carbon among these
systems is essential for healthy terrestrial and marine ecosystems.

Carbon moves through the environment through a combination of biological, chemical, and geological
processes. On land, plants absorb carbon dioxide from the atmosphere during photosynthesis and
convert it into organic matter. Animals obtain this carbon by consuming plants or other animals, and
carbon is returned to the environment through respiration, waste, and decomposition. Over much
longer timescales, geological processes such as sediment formation and rock weathering also store and
release carbon. Together, these processes form a cycle that is critical to sustain life on Earth.



The Ocean’s Role in the Carbon Cycle

The ocean plays a major role in the global carbon cycle and contains several pathways that are unique to
marine environments. Carbon dioxide from the atmosphere dissolves into surface seawater, where it
becomes available to marine plants and algae. Through photosynthesis, these organisms convert
dissolved carbon dioxide into organic carbon stored in their tissues. This carbon then moves through
marine food webs as organisms are consumed by herbivores, which are then consumed by carnivorous
predators.

Not all carbon remains near the surface. When marine organisms respire or die, carbon can return to
the water or sink to deeper parts of the ocean. In deeper or low-oxygen environments, some of this
carbon becomes buried in seafloor sediments, where it can remain stored for long periods of time. Due
to its vast size and biological activity, the ocean is one of the largest and most important carbon
reservoirs on Earth.

Carbon Through Time

Millions of years ago, carbon that once cycled through plants and marine organisms became
buried deep underground. Over millions of years, heat and pressure transformed this ancient
organic material into fossil fuels. Today, fossil fuels are extracted and processed to produce
energy for electricity, heating, transportation, and materials such as plastics. This long-term
storage process shows how carbon can shift between active cycles within ecosystems and long-
term storage within Earth.

Blue Carbon

Blue carbon refers to carbon that is captured and stored by coastal and marine ecosystems, including
mangrove forests, seagrass meadows, salt marshes, and kelp forests. These ecosystems are highly
productive and can store carbon both in living plant tissue and algal structures, as well as in the
sediments beneath them. When these materials sink or are buried in low-oxygen sediments, the carbon
it contains can remain stored for decades or longer.

Since blue carbon ecosystems grow quickly and move large amounts of carbon through biological
processes, they play an important role in regulating carbon exchange between the ocean and the
atmosphere. Protecting these ecosystems helps maintain their ability to store carbon and support
marine biodiversity.

Kelp floating at the surface. Photo: Dr. Dwayne Meadows/NOAA




Kelp Forests as Blue Carbon Systems

Giant kelp (Macrocystis pyrifera) is a type of marine algae that form dense underwater forests along
parts of the California coast, including areas within Monterey Bay National Marine Sanctuary. Giant
kelp attaches to rocky seafloor surfaces using a structure called a holdfast. Long, flexible stipes extend
upward toward sunlight, supported by gas-filled bladders that keep the kelp upright in the water
column.

Giant kelp grows extremely fast, sometimes reaching growth rates of up to two feet per day. This rapid
growth allows kelp forests to absorb large amounts of carbon dioxide from seawater through
photosynthesis. As carbon becomes stored in kelp tissue, it enters coastal food webs and contributes to
long-term carbon storage in marine environments.

When kelp breaks apart, pieces drift through the water and provide food for a wide range of organisms,
including fish, invertebrates, and marine mammals. Some of this kelp material sinks to deeper waters
or becomes buried in sediments, where the stored carbon can remain isolated from the atmosphere for
extended periods. For this reason, kelp forests are recognized as important blue carbon ecosystems.

Garibaldi swim through a kelp forest. Photo: Adam Obaza/NOAA

Why Kelp Forests Matter

Kelp forests provide habitat for hundreds of marine species, support complex food webs and local
fisheries, and contribute billions of dollars to coastal economies. In addition to these ecological and
economic benefits, kelp forests help capture and store carbon, linking them directly to the global carbon
cycle. Protecting kelp forests helps maintain biodiversity, supports natural carbon storage processes,
and preserves the long-term health of coastal ecosystems.

Monterey Bay National Marine Sanctuary plays an important role in protecting kelp forest habitats
through research, monitoring, and education. Individuals can also support kelp forest health by



learning about marine protected areas, reducing pollution, exercising conservation practices, and
sharing knowledge with others.

Carbon Movement Within a Kelp Forest

Photosynthesis: Moving Carbon into the Ecosystem

Giant kelp absorbs dissolved carbon dioxide from seawater and uses sunlight to convert it into sugars
and other organic molecules through photosynthesis. This process stores carbon within kelp tissues.
Since giant kelp grows rapidly, it can absorb carbon at a relatively high rate compared to many other
marine plants and algae.

light
6C02 + 6H20 e C6H1206 + 602

carbon dioxide water sugar oxygen

Photosynthesis Equation

Food Web Transfer: Moving Carbon Through Organisms

Carbon stored in kelp moves through the ecosystem when animals feed on kelp or on organisms that
depend on kelp for food. This transfers carbon from producers to herbivores, predators, and
decomposers. As organisms grow, respire, and interact, carbon continues to circulate within the
ecosystem.

Decomposition and Burial: Moving Carbon to the Seafloor

Kelp naturally breaks apart due to waves, currents, and normal growth processes. When kelp fragments
sink or accumulate on the seafloor, decomposers break down some of the material and release carbon
back into the surrounding water. In deeper or low-oxygen environments, some of this organic material
becomes buried in sediments. Once buried, the carbon can remain stored for long periods of time.

Disturbance: Releasing Stored Carbon

Changes in ocean conditions can disrupt kelp forests and affect how carbon is stored. Strong storms,
shifts in water temperature, or changes in nutrient availability can reduce kelp growth or remove kelp
from the seafloor. Disturbance can also expose buried sediments, allowing stored carbon to return to
the water column.

Protection: Supporting Long-Term Carbon Storage

Healthy, stable kelp forests are more likely to store carbon over long periods. When kelp forests remain
intact, organic material can move naturally through growth, decomposition, and burial processes
without excessive disturbance. Protected areas such as Monterey Bay National Marine Sanctuary help
support the conditions needed for resilient kelp forests and long-term carbon storage.



Changing Ocean Conditions

Ocean conditions vary over time because of changes in water temperature, ocean circulation, nutrient
delivery, and storm activity. These physical and chemical factors interact to shape the growth, structure,
and persistence of kelp forests. Cooler, nutrient-rich waters generally support stronger kelp growth,
while periods of reduced nutrient availability can limit productivity. Wave energy and storm patterns
influence how kelp forests are arranged, how long individual kelp persist, and how organic material is
redistributed within coastal ecosystems.

Shifts in ocean conditions can also affect species diversity, composition, and interactions within kelp
forests. Changes in temperature and circulation influence which organisms can thrive, altering food
web relationships and the pathways through which carbon moves between producers, consumers, and
the seafloor. As kelp grows, breaks apart, and decomposes, these changing conditions help determine
whether carbon remains in the local ecosystem, is transported offshore, or becomes stored in deeper
environments.

Scientists closely monitor kelp forests because their rapid growth and strong response to environmental
variation make them valuable indicators of changing ocean conditions. By studying kelp forests over
time, researchers gain insight into how marine ecosystems capture, transfer, and store carbon, as well
as how these systems respond to natural variability. This knowledge supports informed stewardship
and helps guide efforts to protect kelp forests so they can continue to provide ecological and economic
benefits and support healthy ocean systems.

Vocabulary

Carbon captured and stored by coastal and marine ecosystems such as

blue carbon
mangroves, seagrasses, salt marshes, and kelp forests.

The continuous movement of carbon among the atmosphere, ocean, land, and

carbon cycle .. .
living organisms.

The process through which carbon is captured and held within plants, animals,

EEIEEN) SIOEE or sediments for varying lengths of time.

ecosystem A community of living organisms and the physical environment they interact with.
food web A network of interconnected food chains that shows how energy and matter
move among organisms in an ecosystem.
An underwater habitat formed by large brown algae, such as giant kelp, that
kelp forest . . )
provides food and shelter for many marine species.
. The process through which plants and algae use sunlight to convert carbon
photosynthesis o )
dioxide and water into sugars and oxygen.
An organism, such as kelp or other algae, that makes its own food through
producer .
photosynthesis.
An organism that obtains energy by eating plants and algae (herbivore), other
consumer . . .
animals (carnivore), or both (omnivore).
. Material, such as sand, silt, or organic matter, that settles at the bottom of a
sediment

body of water.




Preparation

1. Review all digital and text assets included in the lesson. Make sure you are familiar with the
technology used to view and manipulate the 360° videos, as well as how to mute the sound on the
video. Be prepared to model this for the students.

a. Explore the Blue: 360° Serengeti of the Sea

2. Review all relevant content background information.
3. Review the learning objectives and activity summary.
4. Prepare student materials:

a. Print copies of the observation and species research student worksheets (or have students use
science notebooks).

b. Cut or gather small pieces of paper to represent “carbon units.”

Procedure
Part 1 — Explore the Kelp Forest (40—45 minutes)
1. Introduction and Pre-Assessment

Briefly ask students what they already know about kelp forests, marine plants, and the role that
algae and plants play in capturing carbon. Record several student responses to build on later in
the lesson.

2. 360° Video Observation (First Viewing)

Hand out the student observation worksheet. Explain to students that they will be watching a
silent video, and they should pay close attention to the habitat and creatures they see. Play the
360° video without sound. Ask students to record or sketch observations in two categories:

e “What I Notice” (species, colors, shapes, movement, habitat features, etc.)
e “What I Wonder” (questions about the environment or animals)
3. Identify Key Species

Encourage students to share their observations. Show images or names of organisms that appear
in the video. Explain that students will learn more about these species and how they fit into the

kelp forest food web.
Kelp Lingcod Hopkin’s Rose Nudibranch
Black-eyed Goby Sixgill Shark Giant-spined Sea Star
Anchovies California Sea Lion Egg-yolk Jelly
Bat Star White-plumed Anemone



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

4. Species Research Activity

Divide students into small groups of 3 to 4 students and assign each group one species from the
lesson’s species list. Explain the expectations and provide an example of how to complete the
research questions listed below.

Each group investigates:
e Where the species lives within the kelp forest habitat
e What it eats and what eats it
e How it connects to the food web
e How it might help move or store carbon in the ecosystem

Encourage students to take notes on their worksheets. Give students time to complete their
research.

Part 2 — Carbon Movement in Kelp Forests (40—45 minutes)
1. Species Quick Shares

Have each group give a short (2—3 minute) oral presentation summarizing their species and its role in
the kelp forest food web. Encourage students to describe how carbon moves from producers to
consumers and decomposers.

2. Carbon Bank Model Activity

For this activity, each student will represent a part of a kelp forest ecosystem and carbon within the
ecosystem will be represented by pieces of paper that get transferred from student to student. Each
carbon unit will have its path of movement recorded on it so that you can review how different parts
of the kelp forest ecosystem interact regarding carbon storage.

The first part of the activity uses the “Transfer” card deck and will familiarize students with carbon
transfers that take place in a stable kelp forest ecosystem. The second part of the activity introduces
different scenarios that alter the stability of the ecosystem through the “Scenario” card deck. For
each scenario card drawn, the “Transfer” card deck is then used to see how carbon moves through a
kelp forest ecosystem. Additional information about how to run this activity can be found on the
Carbon Bank Model Activity: Teacher Reference Sheet.

Explain that students will model how carbon moves through the kelp forest ecosystem. Divide the
students into six equal groups and use name tags to identify them as:

Atmosphere
Water column
Kelp
Herbivore
Carnivore
Seafloor
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Distribute a “carbon unit” piece of paper to each student. Have students write their name and their
group as the “start” position on their piece of paper. Draw a prompt card from the “Transfer” card deck.
Guide the students to move their carbon unit if the prompt applies to them and fill out their group in
the appropriate position on their new “carbon unit.” Students should gain or lose one of their “carbon
units” as they demonstrate the transfer of carbon. Repeat the exercise by drawing additional “Transfer’
prompt cards until each “carbon unit” piece of paper has an “end” position filled out. If a “carbon unit”
is unable to be transferred, then the last filled out position becomes the “end” position. The “Transfer”
card deck includes the following prompts:

o

¢ Diffusion into the ocean: Move carbon from atmosphere to water column.
e Photosynthesis: Move carbon from the atmosphere and water column to kelp.

e Food Web Transfer: Move carbon from kelp to herbivores, from herbivores to carnivores, as
well as from carnivores to other carnivores.

e Decomposition/Burial: Move carbon from kelp, herbivores, and carnivores to the seafloor.

Regroup the students, hand out new “carbon unit” papers and repeat the exercise so that students get to
take part as a different role in the ecosystem.

Distribute another “carbon unit” to each student. Using the “Scenario” card deck, draw a card and lead
a guided discussion with the students about how they think that scenario would impact the ecosystem.
Then, draw a card from the “Transfer” card deck and ask the students to demonstrate how carbon
transfers in a kelp forest ecosystem would occur under the circumstances of the discussed scenario.
Draw additional cards from the “Transfer” card deck until each “carbon unit” piece of paper has an
“end” position filled out.

As time allows, regroup the students and hand out new “carbon units.” Repeat the exercise by drawing a
new “Scenario” card from the deck.

e Disturbance Scenario: Introduce environmental shifts that impact the ability of kelp forests
to successfully store carbon.

o Severe storms: kelp becomes detached from the seafloor and entire kelp forests can be
destroyed. Sediment on the seafloor can also be disturbed, which may release carbon
stored there. If a photosynthesis card is drawn, have only half of the students in the
kelp group receive carbon units. If a decomposition/burial card is drawn, in addition to
other normal transfers, have double the number of carbon units move from kelp to the
seafloor AND have students in the seafloor group transfer a carbon unit to the water
column. All other carbon units continue to move through the ecosystem normally.

o Oil spill: can be from natural seeps, but usually from human causes. Oil floats on the
surface and blocks sunlight from penetrating through. If a photosynthesis card is
drawn, no carbon transfers occur as kelp can no longer photosynthesize when no
sunlight is penetrating through into the water. If a decomposition/burial card is
drawn, in addition to other normal transfers, have double the number of carbon units
move from kelp to the seafloor as kelp is more likely to die when it cannot
photosynthesize. All other carbon units continue to move through the ecosystem
normally.
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e Kelp Loss Scenario: A decrease of kelp can significantly destabilize a kelp forest ecosystem, or
in some cases, can result in the loss of the kelp forest ecosystem, severely impacting the carbon
storage potential.

o Sea urchin overgrazing: if sea urchin populations grow unchecked by predators, they
can consume kelp faster than it can grow. This results in an alternate ecosystem called an
urchin barren, that is characterized by rocky seafloor with little to no vegetation and has
significantly lower biodiversity than a kelp forest ecosystem. If a photosynthesis card is
drawn, no carbon transfers occur as kelp is eaten by herbivores or dies. All other
carbon units continue to move through the ecosystem normally.

o Increase in ocean temperature: kelp growth rates are reduced in temperatures
above 70 degrees Fahrenheit. If a photosynthesis card is drawn, have only half of the
students in the kelp group receive carbon unit transfers. All other carbon units continue
to move through the ecosystem normally.

e Protection Scenario: Model conditions where human action prevent harm to kelp forest
ecosystems to allow them to continue to store carbon.

o No fishing zone: removing the pressure of human fisheries from kelp forest
ecosystems helps preserve the natural balance within their food web. By not removing
larger predator species, herbivore populations are kept in check. All carbon units should
continue to move through the ecosystem normally.

o Sea otter recovery programs: conservation efforts focused on sea otter populations
help restore balance to kelp forest ecosystems. Sea otters are considered keystone
species, which means that they have a significantly larger impact on their ecosystem
compared to other species within it. Without sea otters, kelp forest food webs can
become unstable, leading to a decrease in the overall health of the kelp forest. Students
in the carnivore group can represent sea otters in this scenario. All carbon units should
continue to move through the ecosystem normally.

Ask students to connect the model back to their researched species. Encourage students to consider
how their species interacts with other groups’ species, within the carbon cycle, and the importance of
kelp to their researched species.

3. Stewardship Discussion

Lead a closing conversation using the prompt:

“What can you do to be a steward of our national marine sanctuaries?”
Record student ideas and highlight human connections to kelp forests.

Review key concepts from the species research activity and carbon bank model.

Prompt students to explain the importance of kelp forests and carbon banks. Ensure that students
understand the importance of healthy kelp forests and marine ecosystems. Ask students to share their
ideas on what actions they can take to be stewards (protectors) of national marine sanctuaries.
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Education Standards

Next Generation Ecosystems: Interactions, Energy, and Dynamics:
Science Standards | MS-LS2-3: Develop a model to describe the cycling of matter and flow of

energy among living and nonliving parts of an ecosystem.

MS-LS2-4: Construct an argument supported by empirical evidence that
changes to ecosystem components affect populations.

MS-ESS3-3: Apply scientific principles to design methods for monitoring and
minimizing human impacts.

Ocean Literacy 5. The ocean supports a great diversity of life and ecosystems. (d, e)
Principles 6. The ocean and humans are inextricably interconnected. (b, g)
7. The ocean is largely unexplored. (b)
Climate Literacy 2. Climate is regulated by complex interactions among components of the Earth
Principles system.

6. Human activities impact Earth’s climate system.
7. Climate change will have consequences for the Earth system and human
lives.

Extension Activities

Working individually or in pairs, students create a simple diagram showing who eats whom and
where kelp fits into the food web. As a class, diagrams are combined to show how carbon moves
through the kelp forest ecosystem.

Students use simplified data about giant kelp growth rates to estimate how much kelp biomass
could be produced over a set period of time. Using a provided growth rate (for example,
centimeters per day), students calculate total growth over one week or one month. Students
then discuss how rapid growth affects the amount of carbon kelp can store, using proportional
reasoning rather than exact measurements.

Carbon Cycle Dice Roll: After students have modeled the carbon cycle, introduce a die roll for
each carbon unit. Assign different outcomes to the die faces, representing various pathways a
carbon unit might take (e.g., 1—2 = stored in kelp, 3—4 = released to atmosphere, 5 = consumed
by an herbivore, 6 = stored in sediment). Students roll the die for a set number of “cycles” and
record the probability of each outcome. This helps them visualize the dynamic nature of carbon
storage and movement within the ecosystem.
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Additional Resources
Monterey Bay National Marine Sanctuary: https://montereybay.noaa.gov/

NOAA’s Office of National Marine Sanctuaries: https://sanctuaries.noaa.gov/

NOAA’s Office of National Marine Sanctuaries — Kelp Forest Ecosystem:
https://sanctuaries.noaa.gov/education/teachers/kelp-forest/

NOAA'’s Office of National Marine Sanctuaries — Blue Carbon Toolkit:
https://sanctuaries.noaa.gov/education/teachers/changing-ocean/blue-carbon/toolkit.html

NOAA’s National Ocean Service — Blue Carbon: htips://oceanservice.noaa.gov/facts/bluecarbon.html

NOAA Education: https://www.noaa.gov/education

California Ocean Protection Council — Snapshot of Kelp Health in Monterey (May 2025):
https://opc.ca.gov/2022/07/an-underwater-snapshot-of-kelp-health-in-monterey/

*The inclusion of links in this guide does not imply endorsement or support of any of the linked information,
services, products, or providers.

For More Information

This lesson was developed by NOAA'’s Office of National Marine Sanctuaries. This lesson is in the public
domain and cannot be used for commercial purposes. Permission is hereby granted for the
reproduction, without alteration, of this lesson on the condition its source is acknowledged. When
reproducing this lesson, please cite NOAA’s Office of National Marine Sanctuaries as the source and
provide the following URL for further information: https://sanctuaries.noaa.gov/education. If you have
any further questions or need additional information, email sanctuary.education@noaa.gov.

14


https://montereybay.noaa.gov/
https://sanctuaries.noaa.gov/
https://sanctuaries.noaa.gov/education/teachers/kelp-forest/
https://sanctuaries.noaa.gov/education/teachers/changing-ocean/blue-carbon/toolkit.html
https://oceanservice.noaa.gov/facts/bluecarbon.html
https://www.noaa.gov/education
https://www.noaa.gov/education
https://opc.ca.gov/2022/07/an-underwater-snapshot-of-kelp-health-in-monterey/
https://sanctuaries.noaa.gov/education
mailto:sanctuary.education@noaa.gov

Name:

Observations

What | notice

What | wonder

Notes/Questions:
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Name:

Species Research Worksheet

1. In the space below, draw and label an image of your species.

2. This species moves freely / is attached to the ocean floor (circle one). In two to three
sentences, describe where this species is found within the kelp forest habitat. Does it move on
its own? If so, does it swim or crawl? Is it slow or quick? If it does not move freely, does it move
at all? How or why?

3. This species is a producer / herbivore / carnivore (circle one). In a sentence or two,

describe what your species might eat. Does it eat more than one type of food?

16



4. What might eat your species? Does it have the same predators at all stages of its life?

5. Draw a diagram that shows the position of your species in a kelp forest food web by

connecting it to what it eats and what eats it.

6. In a few sentences, describe how your species might help move or store carbon in their

ecosystem. How long do they store carbon for?

17



Carbon Bank Model Activity: Teacher Reference Sheet

Examples of how students should fill out their “carbon” unit pieces of paper during the activity:

Name: Student 1 Name: Student 2 Name: Student 3
One Carbon Unit One Carbon Unit One Carbon Unit
Start — Atmosphere Start — Atmosphere Start — Kelp
1. Water Column 1. Kelp 1. Herbivore
2. Kelp 2. Seafloor 2. Carnivore
3. Herbivore 3.- 3. Camivore
End - Carnivore End - Seafloor End - Carnivore

Diagram showing directions of carbon movement when using only prompts from the “Transfer”
card deck.

Atmosphere ========sp Water Column

=======p Diffusion into the ocean So PR

S &
Kelp

= = = =p Photosynthesis / I

=————p Food Web Transfer .
Herbivore =———=——p Carnivore

= = =» Burial/Decomposition Rl e

N =
A Vv &£°

Seafloor

Descriptions of carbon movement for each type of transfer card when using the “Scenario” card
deck. Differences from regular transfers are in italics.

Disturbance Scenarios:
Severe storms

¢ Diffusion in the ocean: atmosphere to water column

¢ Photosynthesis: atmosphere and water column to kelp (only half of kelp students should
receive a carbon unit, the remaining carbon units stay in the atmosphere/water column)

¢ Food web transfer: kelp to herbivore, herbivore to carnivore, carnivore to carnivore

¢ Burial/Decomposition: double kelp, herbivore, and carnivore to seafloor AND seafloor to
water column

Oil spill

e Diffusion in the ocean: atmosphere to water column

e Photosynthesis: no carbon unit transfers happen

e Food web transfer: kelp to herbivore, herbivore to carnivore, carnivore to carnivore

¢ Burial/Decomposition: double kelp, herbivore, and carnivore to seafloor

(N I I I I I I
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Kelp Loss Scenarios:

Sea urchin overgrazing
¢ Diffusion in the ocean: atmosphere to water column
¢ Photosynthesis: no carbon unit transfers happen
¢ Food web transfer: kelp to herbivore, herbivore to carnivore, carnivore to carnivore
o Burial/Decomposition: kelp, herbivore, and carnivore to seafloor

Increase in ocean temperature
o Diffusion in the ocean: atmosphere to water column
¢ Photosynthesis: atmosphere and water column to kelp (only half of kelp students should

receive a carbon unit, the remaining carbon units stay in the atmosphere/water column)

e Food web transfer: kelp to herbivore, herbivore to carnivore, carnivore to carnivore
¢ Burial/Decomposition: kelp, herbivore, and carnivore to seafloor

Protection Scenarios:

No fishing zone — all carbon units move normally
¢ Diffusion in the ocean: atmosphere to water column
¢ Photosynthesis: atmosphere and water column to kelp
¢ Food web transfer: kelp to herbivore, herbivore to carnivore, carnivore to carnivore
¢ Burial/Decomposition: kelp, herbivore, and carnivore to seafloor

Sea otter recovery program — all carbon units move normally
e Diffusion in the ocean: atmosphere to water column
¢ Photosynthesis: atmosphere and water column to kelp
¢ Food web transfer: kelp to herbivore, herbivore to carnivore, carnivore to carnivore
¢ Burial/Decomposition: kelp, herbivore, and carnivore to seafloor
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Carbon Bank Model Activity: Student Handout

Print copies and cut the “carbon units” into individual squares to hand out to students.

Name:

One Carbon Unit

Name:

One Carbon Unit

Name:

One Carbon Unit

Start - Start - Start -
1. 1. 1.

2. 2. 2.

3. 3. 3.

End - End - End -
Name: Name: Name:

One Carbon Unit

One Carbon Unit

One Carbon Unit

Start - Start - Start -
1. 1. 1.

2. 2. 2.

3. 3. 3.

End - End - End -
Name: Name: Name:

One Carbon Unit

Start -
1.
2.
3.
End -

One Carbon Unit

Start -
1.
2.
3.
End -

One Carbon Unit

Start -
1.
2.
3.
End -
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Carbon Bank Model Activity: Teacher Cards

Print and cut out for teacher to use as prompt cards.

“Transfer” Card Deck

Photosynthesis

Photosynthesis

Photosynthesis

Diffusion into
the ocean

Food Web Transfer

Decomposition/Burial

Diffusion into
the ocean

Food Web Transfer

Decomposition/Burial

“Scenario” Card Deck

Severe storms

Disturbance Scenario:

Kelp Loss Scenario:

Sea urchin overgrazing

Protection Scenario:

No fishing zone

Oil spill

Disturbance Scenario:

Kelp Loss Scenario:

Increase in ocean
temperature

Protection Scenario:

Sea otter protection
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EXAMPLE

Species Research Worksheet

1. In the space below, draw and label an image of your species.

dorsal fin
brown or 3mn‘ns\\ J

patchy coloring

ovate

body shape

sup:rior
(up tu
caudal
mouth shape (+ai) Fin)
rounded
4ail shape

pectoral Lin

Pglvie £in

2. This species moves freely / is attached to the ocean floor (circle one). In two to three
sentences, describe where this species is found within the kelp forest habitat. Does it move on
its own, if so, does it swim or crawl, is it slow or quick? If it does not move freely, does it move at

all, how or why?

Kelp rockfish move freely within the water column by swimming. During the day, they are often
found resting on kelp blades. At night, they hunt for food by swimming around and are quick

enough to catch their prey.

3. This species is a producer / herbivore / carnivore. In a sentence or two, describe what
your species might eat. Does it eat more than one type of food?

Kelp rockfish eat crustaceans, cephalopods, and small fish, including anchovies and black-eyed

gobies.

(N I I I I I I
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4. What might eat your species? Does it have the same predators at all stages of its life?

They are eaten by many other species. As juveniles they are prey to fish species like lingcod,

while as adults they are prey to larger species including California sea lions and sixgill sharks.

5. Draw a diagram that shows the position of your species in a kelp forest food web by

connecting it to what it eats and what eats it.

California o
S:o.‘ lion ‘i“gcod S""ﬂ'“ Shark
kelp rockfish
b\u\c-qud anchovies

30&»3

small crustaceans

\

kelp

6. In a few sentences, describe how your species might help move or store carbon in their

ecosystem. How long do they store carbon for?

Kelp rockfish can live (and store carbon) for up to 25 years. In kelp forest ecosystems, they

store carbon for a relatively long time compared to other types of species.
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Species ID Images

Diagram labels: holdfast, stipe, blade/frond, bladder.

Is attached to the seafloor. Dense collections of individual
kelp form kelp forests.

Producer. Uses sunlight to convert carbon dioxide and
water into oxygen and sugars.

Primary food source for herbivores in kelp forests,
including sea urchins, some crabs, and snail species.
Kelp capture carbon through photosynthesis and store it
throughout their structure. They can grow up to 2 feet/day
and up to 150 feet long. Individual kelp live for 7 years.

Black-eyed Goby

Diagram labels: terminal mouth shape, elongate body
shape, rounded tail shape, pectoral fin, dorsal fin, pelvic
fin, caudal fin, lateral line.

Moves freely. Found along the seafloor hiding in holes in
rocks or in sandy burrows.

Carnivore. Mostly eat small crustaceans and mollusks.
Mostly eaten by larger predatory fish, including lingcod.
Black-eyed gobies live up to 5 years. They lay over 1500
eggs, sometimes more than once per breeding season.

Diagram labels: inferior mouth shape, elongate body
shape, forked tail shape, pectoral fin, dorsal fin, pelvic fin,
caudal fin, lateral line.

Moves freely. Found in fast-moving schools, swimming in
the water column.

Omnivore. Eat both phytoplankton and zooplankton.
Anchovies are an important food source in kelp forest
ecosystems. They’re eaten by marine mammals
(including California sea lions), sea birds, and larger fish
(including lingcod).

Anchovies usually live for 3—4 years. They are an
important link in the food web (allowing the movement of
carbon) between plankton and larger species.
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Diagram labels: central disc, arm, skin (made of bony
plates called ossicles), tube feet (underside), mouth
(underside).

Moves freely. Found slowly crawling on the seafloor.
Omnivore. They eat kelp, sponges, tunicate worms, and
other sea stars. They also eat decaying plant, algal, and
animal tissue that they find on the seafloor.

Bat stars are eaten by other sea stars, mollusks, and
crustaceans.

Bat stars are echinoderms, which means they have
calcium carbonate endoskeletons. They store relatively
high volumes of carbon given their body size. They can
live up to 35 years.

Diagram labels: terminal mouth shape, elongate body
shape, truncate tail shape, pectoral fin, dorsal fin, pelvic
fin, caudal fin, lateral line.

Moves freely. Found swimming along the seafloor in
different ecosystems at different life stages. Young adult
and adult lingcod can be found in kelp forests.
Carnivore. They eat many types of fish (including smaller
lingcod), squid, octopus, and crabs.

They are eaten by marine mammails (including California
sea lions), sharks (including sixgill sharks), and larger
lingcod.

Lingcod can grow up to 5 feet long and weigh up to 80
pounds. They can live more than 20 years.

Sixgill Shark

Diagram labels: ventral mouth, elongated body shape,
long asymmetrical tail, gills, pectoral fin, dorsal fin, pelvic
fin, caudal fin, lateral line.

Moves freely. Typically found in waters deeper than 300
feet but will come up to shallower waters at night to feed.
Carnivore. They are considered generalist feeders,
eating bony fish, other sharks, cephalopods, and marine
mammal carcasses (including California sea lions).

They are apex predators, so they have very few
predators. They are known to have been eaten by orcas,
great white sharks, and Steller sea lions.

Sixgill sharks can grow up to 18 feet long, weigh up to
1300 pounds, and live up to 80 years. As they migrate
shallower to feed, they move carbon between shallow
and deep-water ecosystems.
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California Sea Lion

Diagram labels: eyes, pinnae (ear flaps), vibrissae
(whiskers), closable nostrils, front flippers, rear flippers,
short thick fur.

Moves freely. They use front flippers to propel
themselves to swim. Use their rear flippers to walk on all
fours while on land.

Carnivore. Known to eat fish (including anchovies and
lingcod), octopus, and squid.

Due to their large size, they have few predators, namely
orcas and large sharks.

California sea lions can weigh from 240 pounds (females)
to 700 pounds (males). As apex predators, carbon moves
up through the food web and is stored in the large bodies
of California sea lions. They can live up to 30 years.

White-plumed Anemone

Diagram labels: column, oral disc, tentacles, mouth.
Attached to the seafloor. They suction onto rocky
seafloor but can detach and slowly move to a new
location or drift in the current until they resettle.
Carnivore. Eat anything small that drifts near their
tentacles, usually tiny animals, fish eggs, and
zooplankton.

They have stinging cells that help defend them against
most predators. Smaller white-plumed anemones are
known to be eaten by giant-spined sea stars.
Individuals can live for up to 20 years. They also can
reproduce asexually, creating large colonies.

Hopkin’s Rose Nudibranch

Diagram labels: foot, papillae, rhinophores, gills.

Move freely. Use their muscular foot to crawl along the
seafloor.

Carnivore. Feed exclusively on pink encrusting
bryozoans (small invertebrates that live in colonies).
Their bright color is to deter predators. The few predators
they have are all other nudibranchs.

Not a significant species for carbon storage. Individuals
live up to 18 months.
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Giant-spined Sea Star

Diagram labels: central disc, arm, skin (made of bony
plates called ossicles), tube feet (underside), mouth
(underside).

Moves freely. Found slowly crawling on the seafloor.
Carnivore. Primarily eat mollusks.

Giant-spined sea stars have very few predators. They are
eaten by sea otters and sea birds.

They are echinoderms, which means they have calcium
carbonate endoskeletons. They store relatively high
volumes of carbon given their body size. They can grow
up to 24 inches in diameter.

Diagram labels: bell, arms, tentacles.

Moves freely. Drifts with currents or slowly pulses its bell
to swim.

Carnivore. Primarily eats other species of jellies.
Predators include sea turtles, some large species of fish,
and marine birds.

Their bell can grow up to 2 feet in diameter, with
tentacles extending up to 20 feet long. When they die,
egg-yolk jellies sink to the seafloor, where their stored
carbon becomes trapped in deep ocean sediments.
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Species ID Images

Black-eyed Goby

Anchovies

California Sea Lion

White-plumed Anemone

Hopkin’s Rose Nudibranch

Giant-spined Sea Star

Egg-yolk Jelly

All images from NOAA.
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Instructor Evaluation Rubric — Observations Worksheet

Criteria

10 pts
Exceptional

7 pts
Good

3 pts
Fair

0 pts
Poor

Standard of Response
(Is it quality work? Did you try your
best in answering each question?)

Direct, full description

Partial description

Fragmented description

No description,
left blank

Grammar Direct, complete Partial description, Fragmented description | No description,
(Did you write in complete descriptions, some missing of creature-character, left blank
sentences?) recording of data information minimal effort
Instructor Evaluation Rubric — Species Research Worksheet
Criteria 10 pts 7 pts 3 pts 0 pts
Exceptional Good Fair Poor

Standard of Response
(Is it quality work? Did you try your
best in answering each question?)

Direct, full description

Partial description

Fragmented description

No description,
left blank

your group?)

group

Grammar Direct, complete Partial description, Fragmented description | No description,
(Did you write in complete descriptions, some missing of creature-character, left blank
sentences?) recording of data information minimal effort

Group Participation Full participation, Partial engagement, Minimal effort, No effort to
(Did you engage with your group completed tasks, completed most tasks, | completion of tasks, or | participate,
partners? Did you complete all clear, concise and some communication completion of
tasks? Did you communicate with | communication within | communication tasks, or

communication

Presenting/Speaking
(Did you speak clearly in
presenting your creature-
character?)

Thorough explanation
of creature-character

Some information is
missing in
presentation

Minimal effort, key
information was not
shared

No description,
zero effort
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