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Some of the other characters you’ll  
meet along the way

We'll be travelling with 

you and asking lots of 

quesƟons as we journey 
and learn together. 

Hi, I'm Blair, and I'll 
be your guide on 

this marine science  
adventure.

And  

I'm  
Louis!

Hi, I'm 
Octo!
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ABOUT THE COURSE

Marine Science is an 18-chapter, interdisciplinary science course wriƩen for upper elementary 
and middle-grade learners with an interest in oceanography and marine biology. With most of 
Earth’s organisms living in the ocean, marine science is both fascinaƟng and essenƟal—an area 
of science every student deserves to explore.

This course takes an integrated approach, weaving together ocean chemistry, marine geology, 

physical oceanography, evoluƟon, and ecosystem science to create a rich and immersive 
learning experience. From the properƟes of water and energy transfer to deep-sea biodiversity 
and global climate impacts, students develop a layered understanding of the ocean’s systems 
and their connecƟon to life on Earth. The course supports Next GeneraƟon Science Standards 
and incorporates Common Core-aligned reading, wriƟng, and math tasks.

Marine Science delivers content through a mulƟmodal approach. Every chapter includes 
engaging narraƟve text, color photographs, diagrams, and over 90 curated and custom-
designed animated videos. Hands-on labs, modeling acƟviƟes, scaīolded quesƟons, and 
gameschooling acƟviƟes help reinforce core science concepts. Several chapters also feature 
opƟonal ĮcƟon extensions, along with projects that incorporate wriƟng, history, math, and 
art.

ScienƟst spotlights and real-world case studies connect students with ongoing marine 
research, while wriƟng tasks are designed to build strong analyƟcal and science communicaƟon 
skills. 

This course is wriƩen to be Ňexible in format, suitable for homeschoolers, microschools, and 
classrooms alike. It emphasizes conceptual progression and cross-topic integraƟon. Students 
don’t just memorize facts; they learn to observe, quesƟon, and think like scienƟsts.

Whether a student dreams of becoming an oceanographer or marine biologist or is simply 
curious about the ocean, Marine Science invites learners to wonder, invesƟgate, and care. It 
nurtures criƟcal thinking and creaƟvity while building scienƟĮc literacy because understanding 
is the Įrst step toward protecƟng our blue planet.

How to Use this Course
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THE 18-CHAPTER COURSE IS DIVIDED INTO 5 UNITS:

Unit 1: IntroducƟon
1.	 IntroducƟon: Science for a Blue Planet

Unit 2: Oceanography

2.	 Marine Geology and Geography: One Big Ocean
3.	 Marine Chemistry: The Shape of Water
4.	 Physical Oceanography (Part 1): Liquid Energy
5.	 Physical Oceanography (Part 2): Diving through Ocean Zones

Unit 3: EvoluƟon and AdaptaƟon in the Ocean
6.	 AdapƟng to Life in the Ocean
7.	 The EvoluƟon and AdaptaƟon of Marine Mammals: Back to the Water
8.	 The Microscopic Ocean

Unit 4: Ocean Ecosystems

9.	 Coastal Ecosystems
10.	 Coral Reefs
11.	 Kelp Forests
12.	 The Open Ocean

13.	 The Deep Ocean

14.	 Polar Ocean Ecosystems

Unit 5: Environmental Science

15.	 OverĮshing & Habitat DestrucƟon
16.	 How a Warming Ocean Is Changing the Climate
17.	 Ocean PolluƟon
18.	 ProtecƟng Ocean Life

Glossary

PDF Appendices

All materials in the appendix are included with the purchase of the Student Text.

1.	 Materials List

2.	 Answer Key

3.	 All Consumable Pages
4.	 Glossary
5.	 CitaƟons
6.	 Where Marine Science Meets the Standards (NGSS)
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WHAT IS MARINE SCIENCE?

Engaging Videos, Thought Provoking QuesƟons, and Hands-On Projects Are Woven Throughout 
the Text

THE VIDEOS

Several years ago, I had the idea for a new type of science course. In addiƟon to the text 
and hands-on labs and acƟviƟes there would be videos chosen and developed for the text. I 
wanted a course that had teaching videos with speciĮc teaching points and vocabulary, that 
were entertaining as well as educaƟonal. 

Each chapter 
opens with 

a lesson 

that covers 

foundaƟonal 
science facts, 

theories, & 
vocabulary.
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CURATED VIDEOS

ANIMATED VIDEOS

There are 

curated videos 

with narraƟon 
to highlight 

important topics 
and give learners 

a look at relevant 

footage.

Each chapter 
includes animated 

teaching videos 

that highlight 

important scienƟĮc 
concepts. These 
were developed 

to incorporate 

and reinforce 

the vocabulary 

and topics in the 

chapter.

Each lab and acƟvity begin with an animated video 
that examines the purpose of doing the lab. The 
videos also include instrucƟon concerning the 

science pracƟces and lab techniques that are used. 

The video tutorials 

include instrucƟons 
from author, Blair 

Lee, where learners 

can watch as 

she guides them 
through science 

pracƟces and 
procedures.
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QUESTIONS ARE INCORPORATED THROUGHOUT THE TEXT

Learning is strengthened when there is real-Ɵme engagement with concepts. To actualize 
this learning, Marine Science includes secƟons with review quesƟons, vocabulary checks, 

and the independent creaƟon of hypotheses built into each chapter.



6How to Use this Course

END-OF-CHAPTER PROBLEM SETS

HANDS-ON PROJECTS AND SCIENTIFIC MODELING ARE INTEGRATED 

THROUGHOUT THE TEXT

Each chapter has a 
problem set with 
mulƟple-choice 

quesƟons and short 
answer quesƟons.

In every chapter, topical informaƟon is followed by hands-on applicaƟon of that 
informaƟon. This creates a kinestheƟc, visual connecƟon to the informaƟon that 
encourages mastery of core science topics.
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LABS AND ACTIVITIES

Learning science requires doing science. This course has 28 labs and acƟviƟes to help 
facilitate the learning of marine science.

Gameschooling

ScienƟĮc Modeling
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Art

DissecƟon Lab

PDF APPENDIX

1.	 How to use this course.
2.	 Materials List: The materials list is organized by chapter and alphabeƟcally for all materials 

in a single list.
3.	 Answer Key

4.	 All Consumable Pages: Whether you purchase the print version or the eBook, the 
consumable pages for this course are included in the PDF.

5.	 Problem Sets
6.	 Glossary
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Chapter 1 

Science for a Blue Planet

It's a Big World Out There,  
and Most of It Is Under Water!

To understand how the ocean works, scienƟsts use oceanography—a combinaƟon of biology, 
chemistry, geology, and physics focused on the sea.

The ocean teems with life, from microscopic plankton driŌing near the surface to the 
enormous blue whale, the largest animal on Earth, swimming through open waters. In the 
deep, some Įsh glow with their own light, while others hide beneath the sand, waiƟng to 
ambush a passing meal. 

71% of Earth’s surface is  
covered by the ocean.

An ecosystem is a community of 
living things, like plants, animals, 
and Ɵny organisms, that interact 

with each other and the nonliving 
parts of the environment. 

The ocean is Earth’s largest ecosystem, covering 
more than 71% of the planet's surface and 
stretching from bright, shallow waters to dark, 
unexplored depths miles below. Within this watery 
world lies an incredible range of life, landscapes, 
and forces that shape our planet in ways scienƟsts 
are only beginning to understand.
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Underwater landscapes are just as diverse. Bright coral reefs, built by Ɵny animals over 
thousands of years, burst with color and life, while towering seamounts rise from the ocean 
Ňoor, shaped by underwater volcanoes. At mid-ocean ridges, new seaŇoor forms, creaƟng riŌ 
valleys. In the deepest parts of the ocean, such as the Mariana Trench, the land plunges farther 
below the ocean’s surface than Mount Everest rises above it.

The forces at work in the ocean are powerful and far-reaching. Currents Ňow like underwater 
rivers, moving massive amounts of water and aīecƟng weather and climate worldwide. The 
ocean Ňoor experiences underwater earthquakes and volcanic erupƟons that can trigger 
tsunamis or form new land over Ɵme. Tides, caused by the moon’s gravitaƟonal pull, make sea 
levels rise and fall each day, shaping shorelines and coastal ecosystems.

Video 1-1: 20 Amazing Ocean Facts about the Ocean

Watch

Oceanography

Understanding the natural and physical processes of our ocean-covered planet requires 
learning about oceanography. Oceanography explores the ocean as a system, encompassing 
the Įelds of marine geology, marine chemistry, physical oceanography, and marine biology. By 
integraƟng these areas of study, oceanography helps us uncover the complex interacƟons that 
shape our oceans and sustain life on Earth. 

This oceanographer is studying marine geology 
while mapping the ocean Ňoor.

Marine geology focuses on the 
structures of the ocean Ňoor, 
including underwater 
volcanoes, deep-sea trenches, 
and layers of sediment that 
build up over Ɵme. By studying 
these features, scienƟsts learn 
about Earth’s geological history 
and how the ocean Ňoor has 
changed over millions of years. 
Processes such as volcanic 
erupƟons, earthquakes, and 
sediment movement that 

slowly shape the seaŇoor are 
also studied. 

https://vimeo.com/seapublishing/ms-ch1-v1
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Marine chemistry focuses on 
the chemistry of seawater and 
the substances found in it. 
Marine chemists study how these 
substances interact with each 

other, marine life, and the physical 
and geological processes of the 
ocean. They also invesƟgate how 
human acƟviƟes, such as polluƟon 
and climate change, aīect the 
ocean’s chemistry, including 
oxygen levels, acidity, and 
nutrient cycles. By studying these 
changes, marine chemists help us 
understand how to protect and 
preserve ocean ecosystems.

Physical oceanography is the study of how the ocean moves and changes. It focuses on 
currents, waves, and Ɵdes. Physical oceanographers study how these processes work together 
to move water, aīect weather and climate, and support marine life. They also examine how 
condiƟons vary at diīerent depths. Their work helps us understand the powerful systems that 
shape our ocean-covered planet. 

A marine chemist might study how the changing  
chemistry of the ocean is aīecƟng marine organisms.

Oceanographers study how currents in the ocean aīect climate and weather.

Marine biology is the study of life in the ocean, focusing on how species adapt to saltwater 
environments, Įnd food, reproduce, and survive. Marine biologists also study how marine 
organisms interact with each other and their surroundings, helping us understand the delicate 
balance of life in our oceans.
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Video 1-2: How Whales Move

Watch

SCIENTIST SPOTLIGHT: SYLVIA EARLE

Sylvia Earle is a famous marine biologist and oceanographer known as  
“Her Deepness” for her record-breaking dives. In 1979, she set a world record 
by diving 1,250 feet (381 meters) solo in a special diving suit oī the coast of 
Hawaii. This was deeper than anyone dived before or since. Over her career, 
Earle has led more than 50 expediƟons and spent over 7,000 hours under-
water. She was the Įrst woman to serve as chief scienƟst for NOAA (NaƟonal 
Oceanic and Atmospheric AdministraƟon) and has Ɵrelessly advocated for 
Hope Spots, which are protected marine areas worldwide. Earle believes un-
derstanding the ocean helps us protect it for future generaƟons.

Fun Fact: Sylvia Earle once lived 
underwater for two weeks as part of 
an experiment called TekƟte II, where 

scienƟsts studied ocean ecosystems up 
close. She and her team were known as 
“aquanauts” and were among the Įrst 
to spend an extended period living and 
working beneath the waves! 

Earle displays samples from TekƟte II.  
Photo credit: NOAA

HOW DO YOUR LIMBS MOVE?

When you study marine biology, you will learn interesƟng facts, like how whales swim. 
Whales are mammals, just like you are. Think about how you move your arms and legs 
when you swim. Is the way you move your limbs more like how a whale swims or how a 
Įsh swims? What about the way you walk? Do you walk side-to-side or back-and-forth? 
Think about other species of mammals, and how whales move in comparison. Even 
though whales now live in water, they retain the basic body plan and movement paƩerns 
of their land-dwelling ancestors.

https://vimeo.com/seapublishing/ms-ch1-v2
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Thought Question

If you could explore any part of the ocean, where would you want to go  
and why?

Interconnecting Spheres

ScienƟsts oŌen divide Earth into four connected spheres: the hydrosphere (water), 
atmosphere (air), geosphere (solid earth), and biosphere (all living things).

While the focus of this course is on the hydrosphere, you will learn that the ocean is closely 
connected to the other three spheres, creaƟng a dynamic, interconnected planet.

Imagine standing at the Kaloko-Honokōhau NaƟonal Historical Park on the north Kona coast of 
Hawai'i, surrounded by these four spheres. The air the turtles and you breathe is part of the 
atmosphere. The ocean inŇuences the atmosphere in powerful ways. Look up at the clouds 
ŇoaƟng in the sky. Those clouds are made of water, likely evaporated from the nearby ocean, 
now ŇoaƟng miles above in the atmosphere. This air layer also contains molecules that protect 
the planet from harsh solar radiaƟon, a fortunate shield for the turtles sunning on the shore.

Then there is the geosphere. It includes the rocks, soil, sand, and lava that make up the island 
of Hawai‘i. The crashing waves break down bits of this solid Earth. These rocky fragments, 
called sediments, are swept along the coastline and eventually seƩle on the ocean Ňoor. 
This ongoing process not only shapes the shoreline but also aīects ocean chemistry in ways 
essenƟal to marine life.

The turtles (can you see both?) and green algae on the rocks are part of the biosphere that 

depends on the ocean. In this course, you’ll explore the many forms of life that call the ocean 

Kaloko-Honokōhau NaƟonal Historical Park



15 Marine Science

home, from Ɵny plankton driŌing in the water to large predators like sharks and orcas. Some 
organisms, such as coral and sponges, aƩach to the seaŇoor, while others, like turtles and 
Įsh, move freely through the water. Each plays a role in the marine food web, helping to keep 
ocean ecosystems in balance.

Video 1-3: Interconnected Spheres

Watch

Check for Understanding

Did you know that Earth is nicknamed 
the “Blue Marble”? It got this name 
because of how it looks from space. The bright blue 
color you see in the photo comes from the ocean. 
Even the white, swirling clouds are made of water!

On Earth, all living things need water—including 
humans. That’s why, when scienƟsts at NASA look for 
life on other planets, they search for signs of water.

In the photo there are three spheres you can see 

and one you cannot. From the list, label the three 
spheres you can see and name the one that is not 
visible.Image Credit NASA

List: Hydrosphere, Atmosphere, Geosphere, Biosphere

Hint: Clouds are part of the hydrosphere. They are also part of another “sphere.”

How many of Earth’s spheres can you observe in your backyard? Next Ɵme you step 
outside, look closely for examples of each one. Can you Įnd a place where water, plants, 
animals, air, and rocks all come together?

An ecosystem is a community of living things, including plants, animals, and Ɵny organisms, 
that interact not only with each other but also with the nonliving parts of their environment. 
Thinking about Earth as a system of interconnected spheres – the atmosphere (gases), 
biosphere (life), hydrosphere (water), and geosphere (land) – helps us understand that 
ecosystems are dynamic units within these larger spheres. For example, a forest ecosystem 
(part of the biosphere) relies on rainfall from the hydrosphere, gases from the atmosphere, 
and nutrients from the geosphere. These interacƟons drive the Ňow of energy and  
the cycling of maƩer within the ecosystem.

https://vimeo.com/seapublishing/ms-ch1-v3


16Chapter 1: Lab 1: Water Cycle Lab

LAB 1:  
Water Cycle Lab

Water: Everywhere and Essential
You might not realize it, but water is all around you. Every organism, including you, contains 
water in every one of its cells. Water is also in the air you breathe and in the ground below you, 
as groundwater. Since Earth's formaƟon, over 4.56 billion years ago, water has conƟnuously 
cycled through the environment.

Understanding Evaporation, Condensation,  
and Precipitation

The movement of water through Earth’s environment is called the water cycle. The three main 
processes that drive this cycle are evaporaƟon, condensaƟon, and precipitaƟon.

•	 EvaporaƟon happens when the sun heats water, turning it into vapor or steam that rises 
into the air.

•	 CondensaƟon occurs when the vapor cools, changing back into Ɵny droplets of liquid water 
and forming clouds.

•	 PrecipitaƟon happens when these droplets grow too heavy to stay in the air and fall to 
Earth as rain, snow, sleet, or hail.

Each stage of the water cycle helps distribute water across Earth, keeping ecosystems alive and 
balanced.

The Role of Scientific Models
In this lab, you will create a scienƟĮc model to explore how water moves through the water 
cycle. Your model will show water transiƟoning through its diīerent states: solid (ice), liquid, 
and gas (vapor). Using a lamp to mimic the sun, you will observe how heat causes evaporaƟon 
and how cooling leads to condensaƟon.

Chapter 1 Lab: Modeling the Water Cycle

Watch

https://vimeo.com/seapublishing/ms-lab1
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ScienƟĮc models like this one help us study complex systems by recreaƟng them in a simpler 
way. By observing and interacƟng with the model, you will gain a beƩer understanding of the 
processes that drive the water cycle, including evaporaƟon, condensaƟon, and precipitaƟon.

You will also add salt to your model to invesƟgate whether salt moves with water as it 
evaporates. Does the condensaƟon remain salty or is it fresh? Think about how rain or snow 
tastes. What do you think will happen to the salt in the water cycle?

MATERIALS
	□ Clear plasƟc container (large enough to hold water and a small funnel)
	□ PlasƟc wrap (to cover the container Ɵghtly)
	□ Desk lamp with a heat-producing bulb (to simulate the sun)
	□ Measuring cup (for accurate water measurement)
	□ Teaspoon (for measuring salt)
	□ Warm water (enough to Įll the container to a depth of 2 inches)
	□ Salt (2 teaspoons for every 1 cup or 250 mL of water)
	□ Spoon (for sƟrring and dissolving salt)
	□ Ice (1½ cups, with more available if needed for extended observaƟons)
	□ Small zip-top bag (Įlled with 1 cup of ice)
	□ Short funnel or a small, tall container like a glass spice boƩle (to mimic a mountain or 
drainage point)

	□ Lab sheet and pencil (for recording observaƟons and data)
	□ OpƟonal: Food coloring (to make the water more visible)
	□ OpƟonal: Ruler (for measuring water depth)
	□ OpƟonal: Tape (to secure plasƟc wrap in place)

PROCEDURE
1.	 OpƟonal: Mark the Container

From inside the container, measure 2 inches from the boƩom and mark the spot to guide 
your water measurement.

2.	 Measure the Water

Use the measuring cup to pour water into the container unƟl the water reaches a depth 
of 2 inches. For easier calculaƟons, round measurements to whole numbers. A slight 
variaƟon in depth is acceptable.

•	 Record the amount of water used to reach the 2-inch depth on the lab sheet.
•	 Taste the water and describe its Ňavor on the lab sheet.
•	 Use the calculaƟon secƟon on the lab sheet to determine the amount of salt needed.

3.	 Prepare the Saltwater

Add the calculated amount of salt to the water and sƟr unƟl the salt dissolves.
•	 Taste the saltwater and record your observaƟon on the lab sheet.
•	 (OpƟonal) Add 10 drops of food coloring to make the water more visible.
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4.	 Set Up the Funnel

Place the funnel or improvised funnel (e.g., a spice boƩle) inside the container, posiƟoning  
it against one corner so it stands upright and stable.

5.	 Taste the Ice

Taste a piece of ice and describe its Ňavor on the lab sheet.

6.	 Add Ice to the Saltwater

Place 1½ cups of ice directly into the saltwater in the container.

7.	 Light and Heat

Cover the container Ɵghtly with plasƟc wrap. PosiƟon the desk lamp so it shines directly  
onto the surface of the water. Ensure the lamp is close enough to warm the container but  
not so close that it becomes a safety hazard.

8.	 OpƟonal: Secure the PlasƟc Wrap
Use tape to secure the plasƟc wrap to the edges of the container if needed.

9.	 Prepare the Lid

Place the zip-top bag, Įlled with 1 cup of ice, on top of the plasƟc wrap, centered over the 
container. This simulates a cold cloud layer above a warm ocean.

10.	 Start ObservaƟons
Turn on the lamp. CauƟon: The lamp will become hot during use.

•	 Write your hypothesis on whether the condensaƟon (simulated rain) will be saltwater  
or freshwater.

•	 Draw your setup on the lab sheet.

11.	 Monitor Changes

Check the setup at intervals of 30 minutes, 60 minutes, and 2 hours.
•	 Observe and record when condensaƟon forms on the underside of the plasƟc wrap and 

starts to drip back into the container or funnel.
•	 If the ice melts, add more ice to the bag.
•	 If condensaƟon is slow to form, leave the setup overnight. If you do so, turn oī the lamp.

12.	 Taste the CondensaƟon 

Once enough condensaƟon has formed, carefully collect a sample and taste it. Record your 
observaƟon on the lab sheet.

13.	 Discussion and Conclusion 

Complete the lab sheet. Then, discuss the following:
•	 Why is the condensed water not salty? (Salt does not evaporate with water).
•	 How does this explain why rain is fresh, even when it comes from ocean water?
•	 What is the role of the ice on the lid? (It represents cooler atmospheric temperatures.) 

What might happen if this ice melted into a saltwater body?

14.	 Save the Saltwater

Remove 1 cup of saltwater from the container and set it aside for use in Chapter 3. Do not 
cover it or add more water.
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Modeling the Water Cycle: Lab Sheet
MEASUREMENTS AND CALCULATION

Amount of Water Measured (cups): 				     

For every cup of water, add two teaspoons of salt. Use the formula below to calculate 
how much salt to add:

Number of cups * 2 = 				     teaspoons of salt

DATA AND OBSERVATIONS

Record your observaƟons as you taste and examine each part of the experiment:

Taste ObservaƟon

Freshwater

Saltwater

Ice

CondensaƟon

HYPOTHESIS AND SETUP

Hypothesis on CondensaƟon: Complete the following sentence.

I predict the condensaƟon will be 								       _ , 

because 		    										        

													           

													           

												            .

Setup Drawing or Photo: Draw a picture or take a photo of your setup.
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CONDENSATION MONITORING

Record the Ɵme when condensaƟon Įrst appears: _______________________________

Describe the changes observed over Ɵme: _____________________________________

Did you see “rain” in your container?

If yes, do you think the “rain” is freshwater or saltwater? Complete the following 
sentence:

I think the rain is  ___________________________, because  ______________________

________________________________________________________________________

_______________________________________________________________________.

DISCUSSION AND CONCLUSION

The Water Cycle
1.	 How does the amount of heat from the lamp aīect how quickly evaporaƟon 

happens?

_____________________________________________________________________

2.	 You should have observed condensaƟon and precipitaƟon.

o	 Where did you see condensaƟon?

_____________________________________________________________________

_____________________________________________________________________

o	 Where did you see precipitaƟon?

_____________________________________________________________________

_____________________________________________________________________

Relating this Model to the Atmosphere, Hydrosphere, and Geosphere
Atmosphere

The lamp acts like the sun, warming the water in the container and causing it to 
evaporate, turning from liquid to gas.

•	 How does this relate to the formaƟon of rain and snow? 

(Hint: Think about what happens to water vapor when it cools.)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________
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•	 What do you think would happen if you moved the lamp closer to or farther away 
from the water? Why?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Hydrosphere

The water in the container models the ocean, and the salt added represents the average 
salinity of ocean water.

•	 How do oceans help inŇuence weather? 

(Hint: Think about the sun's eīect on the ocean.)

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Geosphere

The funnel models a mountain, and the condensaƟon dripping down the funnel 
represents rainwater traveling over the geosphere.

•	 How might minerals and salts from the geosphere dissolve into the water, 
aīecƟng its composiƟon?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

Real-World ApplicaƟons
Changes on our planet, like melƟng ice and rising sea levels, show how all these factors 
are interconnected.

•	 What might happen to places that rely on glaciers for water if the glaciers melt? 
Why?

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________
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Chapter 5 

Diving through Ocean Zones

Imagine diving through the ocean’s surface to the boƩom. At Įrst, sunlit water surrounds 
you. But as you go deeper, light fades, the temperature drops, and the pressure from the 
water above you builds. Eventually, you reach a depth where sunlight no longer penetrates. 
The water is near freezing, and the pressure is so high it is dangerous for a human without 
specialized equipment.

In this chapter, you’ll see how those physical forces shape where and how marine organisms 
survive. To study these changes, scienƟsts divide the ocean into zones that help explain why 
condiƟons, and the life they support, diīer from the surface to the seaŇoor.

Video 5-1: Sunlight Through Water

Watch

In the ocean’s uppermost layer, the 
sunlight zone, photosynthesis supports 
a wide range of marine life. However, 
this zone makes up only about 3 to 5% 
of the ocean’s volume, and photosyn-
thesis happens only where sunlight can 
reach.

Below the sunlight zone, where light is 
absent, some organisms rely on organic 
maƩer that sinks from above. Others 
depend on chemosynthesis, a process 
in which bacteria use chemical energy 
from compounds like hydrogen sulĮde 

instead of light to fuel the chemical re-
acƟon that makes food.

Light penetraƟon  
in the open ocean.

Depth in 
meters

50

100

150

200

Light penetraƟon  
in coastal waters.

Light and Energy: The Power of the Sun

https://vimeo.com/seapublishing/ms-ch5-v1
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Depth and Pressure: The Weight of Water 
The deeper you go, the greater the pressure. That is because the weight of the water above 
increases. At sea level, the pressure is 1 atmosphere. Every 10 meters (33 feet) deeper adds 
another atmosphere of pressure.

By the Ɵme you reach the Hadalpelagic Zone, more than 6,000 meters deep, the pressure is so 
extreme it could crush a submarine without proper protecƟon. These extreme pressures aīect 
the types of organisms that can survive in the deep ocean.

HANDS-ON LEARNING

You can explore how pressure builds when something presses down from  
above, just like the water does in the ocean, by layering books on top of you.

You will need a stack of books, a blanket (opƟonal), and another person.

Instructions
1.	 Lie down on your back. If you’re using a blanket, have it draped over you.
2.	 Ask your partner to gently place books one at a Ɵme on your torso.
3.	 Pay aƩenƟon to how the pressure increases as more books are added. Can you feel 

the weight pressing down?

MATH IN CONTEXT

At sea level, you experience 1 atmosphere of pressure. For every 10 meters (33 feet)  

you go deeper, the pressure increases by 1 atmosphere.

Formula for Calculating Pressure at Depth:
1.	 Divide the depth (in meters) by 10.

2.	 Add 1 (for the atmosphere of pressure at sea level).

Example:

How much pressure would you experience at 100 meters?

1.	 100 ÷ 10 = 10 (added atmospheres)

2.	 10 + 1 = 11 atmospheres

Answer: At 100 meters, you would experience 11 atmospheres of pressure.

PracƟce Problems:

Use the formula to calculate the pressure at the following depths:

1.	 How many atmospheres of pressure would you feel at 500 meters?

2.	 How many atmospheres of pressure would you feel at 1,000 meters? 
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The deep-sea 
siphonophore Marrus 
orthocanna has a 

Ňexible body that 
can withstand high 
pressure at depth.

The Major Ocean Zones
There are Įve major ocean zones. Each zone has both pelagic (open water) and benthic 
(seaŇoor) secƟons. Pelagic organisms swim or driŌ through the water column. Benthic 

organisms live on or in the seaŇoor. This diīerence—between driŌing or swimming in open 
water and living on the seaŇoor—is one way scienƟsts classify marine life, no maƩer the depth.

For example, a Whiplash Squid swimming through the Midnight Zone is considered a pelagic 
organism. A Dumbo Octopus crawling along the boƩom of the Midnight Zone is considered a 
benthic organism.

The Whiplash Squid is a pelagic organism. The Dumbo Octopus is a benthic organism.

Images courtesy of Journey into Midnight: Light and Life Below the Twilight Zone.



63 Marine Science

1. EPIPELAGIC ZONE (SUNLIGHT ZONE)

The Epipelagic Zone, or Sunlight Zone, stretches from the surface to 200 meters (650 feet). 
It has the warmest temperatures, lowest pressure, and least dense water of any ocean zone. 
These condiƟons support mixing and drive surface currents that help transport heat and 
nutrients around the globe.

Abundant sunlight fuels photosynthesis, making this zone rich in life. The Epipelagic Zone plays 
a criƟcal role in Earth’s systems. ScienƟsts esƟmate that up to 50% of the oxygen we breathe is 
produced through photosynthesis in this zone, making it essenƟal to the planet’s health.

Epi-: meaning "upon" or "at the surface"

Pelagic: meaning "open sea"

Let's dive 
in and have 

a look.

Video 5-2: O
2
 and Life in the Sunlight Zone 

Watch
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https://vimeo.com/seapublishing/ms-ch5-v2
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2. MESOPELAGIC ZONE (TWILIGHT ZONE)

Video 5-3: Thermocline 

Watch

Meso-: meaning "middle"

The Mesopelagic Zone, or Twilight Zone, extends from 200 to 1,000 meters (650 to 3,300 feet). 
Light fades quickly here, with only dim blue-green wavelengths reaching this depth, too liƩle for 
photosynthesis.

As depth increases, pressure builds, and temperature drops rapidly. This zone includes the 
thermocline, a boundary layer where temperature changes rapidly. Water becomes colder and 
denser, and internal waves along the thermocline help transport nutrients downward.

Though sunlight is scarce, life is abundant. The Mesopelagic Zone acts as a link between surface 
producƟvity and the deep ocean, supporƟng nutrient cycling and global carbon movement.
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https://vimeo.com/seapublishing/ms-ch5-v3
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3. BATHYPELAGIC ZONE (MIDNIGHT ZONE)

The Bathypelagic Zone, or Midnight Zone, stretches from 1,000 to 4,000 meters (3,300 to 
13,000 feet) deep. No sunlight reaches this zone, leaving it in total darkness.

Temperatures are just above freezing (0–4°C or 32–39°F), and pressure is hundreds of Ɵmes 
greater than at the surface.

Without sunlight, organisms rely on food driŌing down from above or on chemical energy from 
the seaŇoor. Many species move slowly, conserve energy, and have adaptaƟons to survive 
extreme pressure and low food availability.

The Bathypelagic Zone plays a key role in the global conveyor belt (thermohaline circulaƟon) 
described in Chapter 4. Cold, salty water sinks and Ňows along the ocean Ňoor, helping move 
nutrients and oxygen across the globe and supporƟng deep-sea ecosystems.

Bathy-: meaning "depth" or “deep”

Video 5-4: Global Conveyor Belt and the Deep Ocean 

Watch
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https://vimeo.com/seapublishing/ms-ch5-v4


66Chapter 5: Diving through Ocean Zones

Abysso-: meaning “boƩomless” or “immeasurably deep”

4. ABYSSOPELAGIC ZONE (ABYSS) 

The Abyssopelagic Zone, or Abyss, ranges from 4,000 to 6,000 meters (13,000 to 20,000 
feet) and stretches across much of the deep ocean Ňoor. This zone is in complete darkness. 
Temperatures are near freezing, typically between 0–3°C (32–37°F), and pressure is more than 
600 Ɵmes greater than at sea level. The water here is cold, dense, and extremely stable, with 
minimal verƟcal movement between layers.

Although energy is scarce in most parts of the Abyss, some regions host hydrothermal vents. 
Around these vents, enƟre ecosystems thrive without sunlight.

Elsewhere in the Abyss, organisms survive by feeding on marine snow and the remains of 
animals that sink from higher layers. These slow, cold condiƟons allow organic maƩer to break 
down gradually, making this zone important for carbon storage and global climate regulaƟon.
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5. HADALPELAGIC ZONE (TRENCHES)  
Depth: Greater than 6,000 meters (20,000 feet) 

The Hadalpelagic Zone, named aŌer Hades—the Greek god of the underworld—includes the 
ocean trenches deeper than 6,000 meters (over 20,000 feet). Though it makes up less than 2% 
of the ocean, this zone holds Earth’s deepest locaƟons, including the Mariana Trench.

No sunlight penetrates this zone. Temperatures remain near freezing, and pressure surpasses 
1,000 Ɵmes that of the surface. The water is extremely dense due to the combinaƟon of 
intense pressure and cold temperatures.

Many of the organisms who live here are adapted for isolaƟon, feeding on marine snow or the 
slow accumulaƟon of organic material that sinks from above.

Despite its small size, the Hadal Zone plays an important ecological role. It stores carbon and 
organic debris and may host unique ecosystems sƟll being discovered by deep-sea exploraƟon.

Video 5-5: Ocean Trenches 

Watch

Hadal-: meaning “pertaining to the underworld” or “the deepest parts”

LocaƟon of ocean trenches.

Cayman
Puerto Rico

Kermadec

Philippine

Mariana

Japan
Izu-Oga-
sawara

Java Tonga

Bougainville

Middle America

South Sandwich

Peru-Chile

https://vimeo.com/seapublishing/ms-ch5-v5
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SCIENTIST SPOTLIGHT:  
DR. EDITH WIDDER

Dr. Edith Widder is a marine biologist who studies the 
deep ocean. She co-developed the Eye-in-the-Sea, a special 
camera designed to capture footage of deep-sea life without 
disturbing it. Her work led to the Įrst video of a giant squid 
in its natural habitat, helping reveal life’s secrets in the 
ocean’s darkest parts. Dr. Widder’s work helps scienƟsts 
observe life in the Bathypelagic and Abyssopelagic Zones 
without disturbing it.

Fun Fact: Dr. Widder’s research showed that the squid 
moves with grace and control, not the violent thrashing 
once assumed. Earlier ideas portrayed it as aggressive, but 
the video revealed a calm, stealthy approach.

Edith Widder in the 
Johnson Sea Link  

submersible.
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LAB 5:  
Tracking Sound Waves

Chapter 5 Lab: Tracking Sound Waves

Watch

Have you ever wondered how animals Įnd food in the pitch-black depths of the ocean? Sperm 
whales dive thousands of feet into the bathypelagic zone to hunt giant squid. Down here, 
no sunlight reaches, so the whales can’t rely on their eyes. Instead, they use echolocaƟon—
sending out clicks that bounce oī objects and return as echoes. By listening to these echoes, 
sperm whales can tell where the squid are, even in total darkness.

Sound is especially powerful in the ocean. Unlike light, which fades quickly in water, sound can 
travel hundreds of miles. Many marine animals rely on sound to communicate, Įnd food, and 
avoid predators. EcholocaƟon is one of the most precise tools: animals like dolphins, porpoises, 
and whales make sounds that return as echoes, giving them a kind of “sound picture” of the 
world around them.

Humans have borrowed this idea through SONAR (Sound NavigaƟon and Ranging). SONAR 
sends sound waves through the water to map the seaŇoor or locate objects. But human-made 
noise—like ship engines, oil exploraƟon, and underwater explosions—adds extra sound to the 
ocean. This can confuse or disturb marine animals that depend on sound to survive.

In today’s lab, you’ll try a sound-locaƟon challenge yourself. By closing your eyes and carefully 
listening for sounds coming from diīerent direcƟons, you’ll get a sense of how echolocaƟon 
helps animals navigate and hunt in the dark ocean.

Materials
	□ 1 helper who can snap their Įngers
	□ 1 blindfold
	□ 1 pen or pencil
	□ Lab sheets
	□ Colored pencils or crayons (for graphing)

https://vimeo.com/seapublishing/ms-lab5
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Procedure
1.	 Sit in a quiet locaƟon with minimal background noise. Ensure the area is clear so that 

someone can move freely around you.

2.	 Place your hand gently on your throat. Make diīerent sounds—high-pitched, low-pitched, 
loud, quiet, and moderate. Feel how your vocal cords vibrate diīerently with each sound. 
Then, make sounds for the leƩers d, t, b, g, p, s, l, m, h, y, z, and noƟce the vibraƟons. 
Answer the related quesƟons on your lab sheet.

3.	 Complete the hypothesis secƟon on your lab sheet.

4.	 The helper should prepare the observaƟon sheet and have a pencil ready to record 
guesses and results accurately.

5.	 Sit down in the middle of the locaƟon. The helper should stand quietly to avoid giving 
hints.

6.	 Put on the blindfold and ensure it blocks out all light. DO NOT PEEK!

7.	 The helper will snap their Įngers three Ɵmes at random in each of the following locaƟons:
o	Front, Back, LeŌ, and Right sides.
o	Maintain the same distance from the test subject for each snap.

8.	 AŌer each set of snaps, guess the sound’s direcƟon (front, back, leŌ, or right). The helper 
will record each guess on the observaƟon sheet.

9.	 Repeat this unƟl there have been 12 snaps total (3 for each locaƟon).

10.	 Tally the number of correct and incorrect guesses for each direcƟon.

11.	 Use your results to complete the bar graph in the data secƟon.

12.	 Answer the conclusion quesƟons and reŇect on how echolocaƟon and SONAR use Sound 
Waves.
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Tracking Sound Waves – Lab Sheet Page 1
Learning More Before Making My Hypothesis (Educated Prediction)

1.	 Did you feel a diīerence in the vibraƟons of your vocal cords when you made 
diīerent sounds? (Circle one): Yes / No

2.	 Which sounds caused your vocal cords to vibrate the most?

3.	 Which sounds caused your vocal cords to vibrate the least?

4.	 Hypothesis: Complete the sentence below:

I think I (will / will not) be able to guess the locaƟons of the Sound Waves coming from 
four diīerent direcƟons.

If you think you may not guess all the locaƟons correctly, rank the direcƟons in order 
from those you assume to be the easiest to those you assume to be the hardest:

•	  (most likely to be accurate) 

•	

•	

•	  (least likely to be accurate)
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Lab Sheet Page 2: Observations
Record the guesses made during the lab in the table below. The helper should snap three 
Ɵmes for each direcƟon but mix up the order. For each snap, write down the guess as 
"Front," "Back," "LeŌ," or "Right," then mark whether the guess was correct or incorrect.

LocaƟon Guess Right? Wrong?

LeŌ side

Front

Back

Right side

Right side

Back

LeŌ side

Back

Front

LeŌ side

Front

Right side
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Lab Sheet Page 3: Results & Graphing the Data
Tally the Data
Calculate the total number of correct and incorrect guesses for each direcƟon and Įll in 
the table below:

DirecƟon Correct Guesses Incorrect Guesses

Front

Back

LeŌ side

Right side

Graphing the Data
In the bar graph below, color in the total number of correct guesses for each direcƟon. 
Use a diīerent color for each bar. Leave the column blank if there are no correct guesses.

3

2

1

Front Back LeŌ side Right side
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Lab Sheet Page 4: Conclusion
1.	 Which direcƟon had the highest number of correct guesses?

2.	 Which direcƟon had the lowest number of correct guesses?

3.	 Was your hypothesis correct? 

(Circle one): Yes / No

4.	 Were some direcƟons easier or harder to idenƟfy than others? What factors do you 
think contributed to this diīerence?

5.	 AŌer learning about Sound Waves, do you think SONAR and human made noise are a 
problem for ocean animals? Why or why not?
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Chapter 10 

Coral Reefs

Coral reefs are biodiverse coastal ecosystems that provide food and shelter to millions of 
species. They exist in shallow, nutrient-poor waters near the equator, yet they teem with life.

Large ecosystems, like coastal ecosystems, are made up of many smaller ecosystems.  
It’s a bit like a city made up of diīerent neighborhoods. Each one has its own look  

and feel, but they are all part of the same city. Coral reefs are a great example of this. 
They are part of the coastal ecosystem.

Hard and Soft Coral
Coral reefs are built by small tube-shaped 
animals called coral polyps that aƩach 
themselves to hard surfaces in the ocean. 
Over Ɵme, they grow in colonies, creaƟng 
large structures that provide food and shelter 
for thousands of marine species.

There are two main types of corals:  

hard corals and soŌ corals.

Hard corals are the reef builders. They create 
skeletons out of calcium carbonate, the same 

material that makes limestone. As colonies 
of hard coral grow together, they form the 
strong, rocky foundaƟon of coral reefs, pro-

viding shelter for Įsh, crabs, sea turtles, and 
many other organisms.

SoŌ corals do not build stony skeletons. 
Their outer layers are supported by a Ňexible 
protein called keraƟn, the same material 

found in your hair and nails. SoŌ corals sway 
with the movement of the water and create 
addiƟonal places for marine life to live and 
hide within the reef.

Hard Corals at the Great Barrier Reef, Australia.

Coral polyps are small tube-shaped animals.
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Coral Reef Formations
Coral reefs can form in diīerent shapes, depending on where and how they grow. There are 
three main types of reef formaƟon: fringing reefs, barrier reefs, and atolls. Each type of reef 
supports diverse marine life and plays a role in its coastal ecosystem.

Fringing reefs grow directly from a shoreline and are common around volcanic islands like 
those in Hawai'i.

This aerial photo shows the fringing reefs that encircle the island of MauriƟus. These reefs 
protect it from the sea, forming shallow lagoons between the land and the reef.

Barrier reefs also form 

along shorelines, but they 
are separated from the land 
by a lagoon of open water. 
The most famous example 

is the Great Barrier Reef 

oī the coast of Australia, 
which is so large it can even 

be seen from space.
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Atolls are ring-shaped coral reefs 
that surround a central lagoon. 
They begin as fringing reefs along 
the edges of volcanic islands. Over 
millions of years, as the volcanic 
island sinks and erodes, the coral 
conƟnues to grow upward toward 
the sunlight. Eventually, the island 
disappears below the surface, leav-

ing behind a ring of coral around a 
shallow lagoon. A classic example is 
the Atafu Atoll in Tokelau.

Atafu Atoll in Tokelau: Photo Credit: NASA

Atoll Formation

2. A coral reef forms around  
the volcano island.

3. A fringing reef surrounds a volcanic  
island as it erodes.

4. A barrier reef protects a lagoon  

as the island completely erodes.

1. An underwater volcano pierces  
the surface of the ocean.
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Abiotic Factors in Coral Reefs
Coral reefs depend on very speciĮc abioƟc condiƟons to survive. They need a hard surface to 
anchor and grow. The water must be salty and stable; too much freshwater from rain or rivers 
can stress or kill the corals. Reefs thrive in warm tropical waters, but even slight temperature 
increases can cause coral bleaching. Moderate wave acƟon supports reef health, though strong 
storms can break apart coral structures.

Video 10-1: The Goldilocks Zone of the Ocean

Watch

The Coral-Zooxanthellae Partnership
Around 25% of all known Įsh species spend at least part of their lives in a coral reef. This high 
level of biodiversity is possible because of a Ɵny but powerful partnership happening inside the 
coral polyps themselves. Living within the Ɵssues of coral polyps are microscopic algae called 
zooxanthellae (pronounced "zo-zan-THEL-ee"). Like many marine microbes, they play a crucial 
role in cycling nutrients and driving energy Ňow at the base of the food web.

Nematocysts
Mouth

Polyps

Tentacles

Zooxanthellae

Calcium carbonate skeleton

Calcium 
carbonate 
skeleton

https://vimeo.com/seapublishing/ms-ch10-v1
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When two unrelated species form a close relaƟonship, it is called symbiosis. The relaƟonship 
is known as mutualism if both species beneĮt, as with coral and zooxanthellae. Coral polyps 
provide the zooxanthellae with protecƟon and access to sunlight. In return, the zooxanthellae 
use sunlight to produce food through photosynthesis and share it with the coral. Thanks to this 
partnership, coral reefs thrive even in the nutrient-poor waters of tropical oceans.

However, the relaƟonship is delicate. When corals become stressed, most oŌen because of 
polluƟon or high water temperatures, they expel the zooxanthellae from their Ɵssues. Without 
the colorful algae, the coral turns white, a phenomenon known as coral bleaching. Bleached 
corals are weaker, more vulnerable to disease, and may eventually die if condiƟons do not 
improve. 

Video 10-2: Zooxanthellae & Coral Symbiosis 

Watch

Energy at the Reef
Healthy coral reefs aren't just built by teamwork. They also rely on energy moving from one 
trophic level to the next. Every reef has a complex food web, connecƟng primary producers like 
zooxanthellae to large predators like sharks. Decomposers such as bacteria and fungi recycle 
waste and dead maƩer into nutrients, keeping energy Ňowing even aŌer organisms die. 

Adaptation for Life at the Reef

Other Types of Symbiosis
Not all symbioƟc relaƟonships beneĮt both species. Two other important types of symbiosis 
are parasiƟsm and commensalism.

ParasiƟsm occurs when one species experiences harm and the other beneĮts. A common 
parasite in coral reefs is the Ňatworm Cymothoa exigua, which aƩaches itself to Įsh and feeds 
on their blood or Ɵssues. Over Ɵme, this weakens the Įsh, making it a clear example of a 
parasiƟc relaƟonship.

Commensalism occurs when one species beneĮts from the relaƟonship, and the other 
is neither harmed nor helped. For instance, the small Įsh called goby take shelter inside 
sea sponges or coral crevices, gaining protecƟon from predators and a safe place to live. 
Meanwhile, the sponge or coral remains unaīected. 

https://vimeo.com/seapublishing/ms-ch10-v2
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Niches
Coral reefs are like crowded ciƟes, home to many diīerent organisms living close together. Each 
organism has a speciĮc role, called a niche, that helps it survive and thrive. A niche includes 
what the organism eats, where it lives, and how it interacts with other species. Together, these 
roles form the bioƟc structure of the reef, with each species helping to maintain the health of 
the whole ecosystem.

Having diīerent niches reduces compeƟƟon for resources. For example, cleaner wrasses eat 

parasites oī larger Įsh, helping keep them healthy, while parroƞish graze on algae growing on 
coral. Because each species Įlls a unique role, they do not compete for the same food.

A goby stares out from the safety 
of a coral reef.

Check for Understanding
How do coral polyps and zooxanthellae both beneĮt from their mutualisƟc relaƟonship?

Check for Understanding
Choose the correct answer. 

When cleaner wrasses eat parasites oī larger Įsh, the wrasses feed. Which type of 
symbioƟc relaƟonship is this an example of? Hint: Think in terms of both organisms.

•	 Mutualism

•	 ParasiƟsm
•	 Commensalism
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Coloration
Many reef species use coloraƟon in ways that build on the adaptaƟons you explored in Chapter 
6. Let us take a closer look at how color helps reef organisms survive in this densely populated, 
high-compeƟƟon environment.

One example is mimicry, where one organism looks like another to deceive predators or prey. 
The cleaner wrasse has disƟncƟve markings to signal its role in removing parasites from other 
Įsh. The false cleaner blenny mimics these markings to trick Įsh into leƫng it approach—then 
takes a quick bite from a Įn and escapes with a mouthful of food.

Check for Understanding
Why don’t Įsh usually eat cleaner wrasses?

	□ Cleaner wrasses are too small to eat.

	□ Fish recognize cleaner wrasses as helpful and avoid harming them.

	□ The false cleaner blenny is faster than most Įsh.

	□ Cleaner wrasses hide in coral where predators can’t reach them.

How does this help the false cleaner blenny’s mimicry succeed?

Video 10-3: Niches & Reef Maintenance 

Watch

False Cleaner Blenny Cleaner Wrasse

https://vimeo.com/seapublishing/ms-ch10-v3
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 Body Shape
Body shape is an adaptaƟon that helps reef 
organisms survive. Fish such as the moray 
eel have long, thin bodies that allow them 
to hide deep inside rocky crevices to avoid 
predators. Others, like the puīerĮsh, can 
inŇate like a balloon when threatened, 
making themselves seem too big or 

dangerous to eat.

Diīerent body shapes allow reef organisms 
to Įnd shelter, escape predators, and make 
the most of the crowded, compeƟƟve reef 
environment.

Some organisms use camouŇage to blend 
into their surroundings and hide from 
predators.

The reef stoneĮsh, one of the most venomous 
animals, uses camouŇage to hide from 
predators and ambush prey. Can you Įnd it in 
the photo?

Flamboyant CuƩleĮsh walking on the sand.

Others use warning coloraƟon, bright, 

bold colors that signal they are toxic or 
dangerous. For example, the Ňamboyant 
cuƩleĮsh Ňashes colors like yellow-brown, 
white, and purple-red to confuse or warn 
predators.

Moray eels, like this one,  
are common at coral reefs.

Reproductive Adaptation
ClownĮsh and parrotish have an unusual reproducƟve adaptaƟon: the ability to change sex. 
ClownĮsh start life as males and live in social groups with one dominant female and several 
smaller males. When the female dies, the largest male transiƟons to female, ensuring the 
group can conƟnue reproducing.

Parrotish, on the other hand, live in groups led by a dominant male. When he dies, the largest 
female transiƟons to male and takes over as leader. This Ňexibility helps ensure the survival of 
the group under changing condiƟons.
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ClownĮsh: Photo credit: Nhobgood is licensed 
under CC BY-SA 4

SCIENTIST SPOTLIGHT: DR. DAVID KLINE

Dr. David Kline is a marine biologist specializing in coral reef ecology, climate change, 
and the impacts of human acƟvity on marine ecosystems. As a researcher at the 
Smithsonian Tropical Research InsƟtute, Dr. Kline has pioneered innovaƟve techniques 
to study coral reefs, including underwater “labs” that simulate future ocean condiƟons 
aīected by climate change. His work focuses on understanding how coral reefs respond 
to stressors like ocean acidiĮcaƟon, rising temperatures, and polluƟon while idenƟfying 
soluƟons to protect these vital ecosystems.

Fun Fact: Dr. Kline helped develop "ReefSense," a system that uses imaging and sensors 
to monitor coral health in real-Ɵme, oīering insights for reef conservaƟon eīorts 
worldwide.



169 Marine Science

LAB 10:  
Build a Coral Reef

Chapter 10 Lab: Coral Reef Model

Watch

Like all healthy ecosystems, coral reefs develop through a series of stages. In this acƟvity, you will 
create a fun, edible model of a coral reef, following its formaƟon step by step. You can use Rice 
Krispy Treats for an edible model or subsƟtute clay or baked dough for a non-edible version.

Materials
	□ Rectangular cake pan or cookie sheet

	□ Ingredients for Rice Krispy Treats (See recipe in the Teacher's Guide)
	□ ½ cup frosƟng
	□ Gummy Įsh and other sea-animal-shaped candies (or cut fruit roll-ups into shapes)
	□ Oreos

	□ Toothpicks 

	□ Skewers

https://vimeo.com/seapublishing/ms-lab10
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Procedure
Stage 1: The Hard Surface

A bioĮlm forms on the surface and is made of bacteria and algae. This bioĮlm must cover the 
surface before coral can form.

1.	 Prepare the surface:

•	 If using a cake pan, frost the enƟre 
boƩom.

•	 For a cookie sheet, frost only the secƟon 
where you plan to build your reef.

2.	 Make the Rice Krispy mix:

•	 Use low heat to avoid overcooking and 
add extra buƩer to keep the mixture 
soŌ and moldable.

3.	 Add phytoplankton and seaweed:

•	 Shape green phytoplankton and seaweed using Rice Krispy mix or fruit roll-ups. Place 
them on the frosted surface.

Stage 2: Early Reef Inhabitants

Pioneer species like sponges, algae, and 
mollusks are the Įrst reef inhabitants. Add 
snails, barnacles, and clams (all mollusks) to 
represent these species. These organisms 
provide shells where coral larvae can seƩle 
and grow, a process that takes about one year.

4.	 Create and add these organisms: 

•	 Use Oreos for clams. 
•	 Make snails and barnacles from 

gummies, Rice Krispy mix, or fruit roll-
ups.

Stage 3: Primary Coral FormaƟon

Fast-growing primary corals move in, covering the reef over seven years. These corals rely on 
symbioƟc algae (zooxanthellae) for the energy needed to build and grow.

5.	 Build primary corals: 

•	 Shape large corals with colored Rice Krispy mix, leaving space between them. 
•	 Refer to images of the Great Barrier Reef for inspiraƟon. 

Stage 4: Secondary Coral Support

The primary corals risk breaking due to their unstable growth and lack of support. 
Secondary corals to the rescue! Secondary corals grow slowly but cement the reef structure, 
strengthening and stabilizing the primary coral.
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6.	 Add secondary corals: 

•	 Shape smaller, diīerently colored corals to Įt between the primary corals. 
•	 Include features like sƟnging cells to represent their role in prevenƟng overcrowding.

7.	 Add mollusks: 

•	 Use Oreos, gummies, and fruit roll-ups to make giant clams and other mollusks. 
•	 PosiƟon them on the corals.

Stage 5: Reef Life and Erosion

Reefs experience weathering and erosion from organisms like parrotish, which feed on the 
reef, and from storm damage. Coral reefs must grow faster than they erode to survive.

8.	 Create reef animals: 

•	 Use toothpicks and gummies to make animals that live in, on, and above the reef.

9.	 Model erosion: 

•	 Act as a parrotish by eaƟng a piece of the reef.

10.	Repair the reef: 

•	 In the locaƟon where you ate the “reef,” spread frosƟng and then build a new piece of 
coral on top to repair it. 
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