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Teacher’s Guide

The Teacher’s Guide is organized by chapter.
In each chapter you will find:

e Video links

¢ Chapter specific material’s list
e Consumables

e Problem sets

e Answer Keys

VIDEO LINKS

1. 20 Amazing Ocean Facts about the Ocean
How Whales Move

Interconnected Spheres

Chapter 1 Lab: Modeling the Water Cycle

s wn

MATERIALS LIST

Lab
0 1 clear plastic container (large enough to O Spoon

hold water and a small funnel) O lIce (1% cups, with more available if
o Plastic wrap (to cover the container tightly) needed for extended observations)
0 Desk lamp with a heat-producing bulb 0 Small zip-top bag
O Measuring cup 0o Short funnel or a small, tall container
0 Teaspoon like a glass spice bottle
o Warm water (enough to fill the container to Lab sheet and pencil

a depth of 2 inches)
o Salt (2 teaspoons for every 1 cup or 250 mL
of water)

Food coloring (Optional)
Ruler (Optional)
Tape (Optional)

o oo g
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KEY LEARNING POINTS

e The ocean is Earth’s largest ecosystem, covering about 71% of the planet.
e QOceanography is the study of the ocean through biology, chemistry, geology, and physics.

e QOcean ecosystems are shaped by interactions between living organisms and nonliving forces
like currents, tides, and temperature.

e Marine life ranges from microscopic plankton to the largest animals on Earth, like whales.

e Earth’s spheres (hydrosphere, atmosphere, geosphere, and biosphere) interact and
influence ocean ecosystems.

e Each marine science discipline—marine biology, marine geology, marine chemistry, and
physical oceanography—helps explain different parts of the ocean system.

e Learn how scientific models are used to understand and predict the behaviors of complex
systems like the water cycle.

e Lab Reinforcement: The Water Cycle Lab uses a hands-on model to show how water moves
through Earth’s systems via evaporation, condensation, and precipitation. It reinforces the
interconnectedness of the ocean, atmosphere, and geosphere while introducing how salini-
ty is excluded during evaporation—mirroring natural processes that shape ocean chemistry.

SUGGESTED SCHEDULES

Chapter 1 Day 1 Day 2 Day 3
2 days Science for a Blue Planet, Lab 1
a week in-chapter videos and
problem set
3 days Science for a Blue Planet Lab 1 Problem set
a week and in-chapter videos
CONSUMABLES
In-Chapter
4 )

HOW DO YOUR LIMBS MOVE?

When you study marine biology, you will learn interesting 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
fish 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 patterns
of their land-dwelling ancestors.
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Thought Question

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

\7/’

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 scientists 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
pACE:BClouds 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 time you step
outside, look closely for examples of each one. Can you find a place where water, plants,
animals, air, and rocks all come together?
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Modeling the Water Cgcle: 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 observations as you taste and examine each part of the experiment:
Taste Observation

Freshwater

Saltwater

Ice

Condensation
HYPOTHESIS AND SETUP

Hypothesis on Condensation: Complete the following sentence.

| predict the condensation will be

because

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

J
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CONDENSATION MONITORING

Record the time when condensation first appears:

Describe the changes observed over time:

Did you see “rain” in your container?
If yes, do you think the “rain” is freshwater or saltwater? Complete the following
sentence:

| think the rain is , because

DISCUSSION AND CONCLUSION

The Water Cycle
1. How does the amount of heat from the lamp affect how quickly evaporation
happens?

2. You should have observed condensation and precipitation.
o Where did you see condensation?

o Where did you see precipitation?

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.
e How does this relate to the formation of rain and snow?
(Hint: Think about what happens to water vapor when it cools.)

N\
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e 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.

e How do oceans help influence weather?
(Hint: Think about the sun's effect on the ocean.)

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

e How might minerals and salts from the geosphere dissolve into the water,
affecting its composition?

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

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

~
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CHAPTER 1: PROBLEM SET
Multiple Choice

1.

What percentage of Earth’s surface is covered by the ocean?
o0 65%
o 70%
o 71%
o 75%

. Which of these is part of the biosphere?

o Great White Shark
o Sediment

o Clouds

o Salt

. What is the focus of marine chemistry?

o Studying the physical processes of the ocean.

o Understanding the life cycles of marine organisms.

o Exploring the chemical composition of seawater and its interactions.
o Mapping the ocean floor.

What field of oceanography studies ocean currents, waves, and tides?
o Marine chemistry

o Marine geology

o Physical oceanography

o Marine biology

. Which sphere includes the ocean’s water?

o Hydrosphere
o Geosphere
o Biosphere
o Atmosphere

What is one way the ocean interacts with the geosphere?

o Ocean water evaporates and forms clouds.

o0 The ocean’s waves break down rocks and shape shorelines.
o Plankton absorb oxygen from seawater.

o Coral reefs create barriers to underwater volcanoes.

Teacher's Guide: Chapter 1



SHORT ANSWER QUESTIONS

1. Go outside or look out your window. List one thing you observe outside from each of the
four spheres.

Atmosphere:

Hydrosphere:

Geosphere:

Biosphere:

2. Which area of oceanography are you most interested in learning about? Give your reason
why.

Marine chemistry

Marine geology

Physical oceanography

Marine biology

O O O O
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IN-CHAPTER

How Do Your Limbs Move?
You walk back-and-forth in the same direction a whale moves when it swims.

Thoug ht Question: Answers will vary.
Check for Understanding

You can see the hydrosphere (ocean), geosphere (continents), and atmosphere (clouds are the
visible part of the atmosphere). You cannot see the biosphere.

LAB 1: MODELING THE WATER CYCLE LAB

Answers will vary.

Data and Observations

Taste Observation

Freshwater Tastes like freshwater = no noticeable saltiness.

Saltwater Tastes salty and slightly unpleasant.

Ice Tastes like freshwater; cold and solid.

Condensation | Appears as clear droplets on the container walls, tastes like freshwater

Hypothesis on Condensation
| predict the condensation will be freshwater, because when saltwater evaporates, the salt
stays behind and only the water vapor rises and condenses.

Condensation Monitoring

* Time when condensation first appears: (Varies depending on heat source and setup; likely
5-15 minutes)

* Describe changes observed over time: Small droplets of condensation form on the lid
or sides of the container. Over time, these droplets grow larger and may begin to drip
(precipitate) back down.

* Rain in container: Yes (in most setups).

| think the rain is freshwater, because evaporation leaves the salt behind and only pure water
vapor condenses and precipitates.

Discussion and Conclusion

1. How does the amount of heat from the lamp affect how quickly evaporation happens?
More heat from the lamp increases the rate of evaporation because it gives more energy to
the water molecules, allowing them to escape as vapor more quickly.
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2. You should have observed condensation and precipitation.
¢ Where did you see condensation?
On the inside surface of the lid or container above the water level.
¢ Where did you see precipitation?
Water droplets dripping from the lid or funnel back into the container.

Relating This Model to Earth Systems

Atmosphere

* How does this relate to the formation of rain and snow?
Water vapor in the air cools as it rises, condensing into droplets or ice crystals that form
clouds. When heavy enough, they fall as rain or snow.

* What happens if the lamp is moved closer or farther?
Closer = faster evaporation. Farther = slower evaporation. Heat affects how much water
vapor enters the air.

Hydrosphere

* How do oceans help influence weather?
The sun heats ocean water, causing evaporation. This adds moisture to the air, which can
form clouds and storms.

Geosphere

* How might minerals and salts dissolve into water?
As rainwater flows over land or mountains, it picks up minerals and salts from rocks and soil.
These dissolve into the water, changing its composition.

Real-World Applications

* What might happen if glaciers melt? Why?
Places that rely on glaciers for drinking water or irrigation may face water shortages. Glaciers
store freshwater, and once they melt, that stored supply is lost.

PROBLEM SET

Multiple-Choice Questions

1.71%

2. Great White Shark

3. Exploring the chemical composition of seawater and its interactions.
4. Physical oceanography

5. Hydrosphere

6. The ocean’s waves break down rocks and shape shorelines.

Short Answers: Answers will vary.
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Chapter' S: Diving thr'ough Ocean Zones

VIDEO LINKS

ok wnNeR

Sunlight Through Water

0O, and Life in the Sunlight Zone
Thermocline

Global Conveyor Belt and the Deep Ocean
Ocean Trenches

Chapter 5 Lab: Tracking Sound Waves

MATERIALS LIST
In-cha pter

g
|
|

Books
Blanket (optional)
Another person

Lab

o o oo o

1 helper who can snap their fingers
1 blindfold

1 pen or pencil

Lab sheets

Colored pencils or crayons

KEY LEARNING POINTS

The ocean is divided into zones based on light, temperature, and pressure.
Light decreases, pressure increases, and temperature drops with depth.
Photosynthesis only occurs in the epipelagic zone.

Most of the ocean’s volume is in deep, dark zones.

Marine life adapts to different zones with specialized traits.

The thermocline is a layer where temperature rapidly decreases.
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¢ Lab Reinforcement: This lab simulates echolocation and SONAR through blindfolded
directional listening. This models how marine animals navigate and communicate in the

dark ocean zones where light does not reach, reinforcing adaptations to life
environments.

SUGGESTED SCHEDULES

in deep-sea

Chapter 5 Day 1 Day 2

Day 3

2 days Diving through Ocean Lab 5
a week Zones, in-chapter videos
and problem set

3 days Diving through Ocean Zones Lab 5
a week and in-chapter videos

Problem set

CONSUMABLES
In—Chapter

-
MATH IN CONTEXT

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

Practice 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?

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

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

J
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p
Tr'acking Sound Waves — Lab Sheet Page 1

Learning More Before Making My Hypothesis (Educated Prediction)

1. Did you feel a difference in the vibrations of your vocal cords when you made
different 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 locations of the sound waves coming from
four different directions.

If you think you may not guess all the locations correctly, rank the directions 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)

N\
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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

times for each direction but mix up the order. For each snap, write down the guess as

"Front," "Back," "Left," or "Right," then mark whether the guess was correct or incorrect.

Location

Guess

Right?

Wrong?

Left side

Front

Back

Right side

Right side

Back

Left side

Back

Front

Left side

Front

Right side

y
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Lab Sheet Page 3: Results & Graphing the Data
Tallg the Data

Calculate the total number of correct and incorrect guesses for each direction and fill in
the table below:

Direction Correct Guesses Incorrect Guesses

Front

Back

Left side

Right side

Graphing the Data

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

Front Back Left side Right side

-

~
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Lab Sheet Page 4: Conclusion

1. Which direction had the highest number of correct guesses?

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

3. Was your hypothesis correct?
(Circle one): Yes / No

4. Were some directions easier or harder to identify than others? What factors do you
think contributed to this difference?

5. After learning about sound waves, do you think SONAR and human-made noise are a
problem for ocean animals? Why or why not?

NS J
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CHAPTER S: PROBLEM SET

Multiple—Choice Questions

1.

Which zone is known as the sunlight zone?
o Abyssopelagic Zone

o Mesopelagic Zone

o Epipelagic Zone

o Hadalpelagic Zone

. What happens to sunlight as you go deeper into the ocean?

o It becomes brighter.

o It changes to ultraviolet light.

o It fades, with red and yellow wavelengths disappearing first.
o It stays constant at all depths.

. At what rate does pressure increase as depth increases in the ocean?

o One atmosphere every 100 meters
o One atmosphere every 10 meters

o One atmosphere every 1,000 meters
o One atmosphere every 5 meters

Why is the Hadalpelagic Zone one of the least explored regions of the ocean?
o Itistoo warm for exploration.

o The pressure is too high, and the environment is extreme.

o It has too much light, making it difficult to study.

o There is too much marine snow, reducing visibility.

. Which combination increases the density of ocean water?

o Warm temperatures and low salinity

o Cold temperatures and high salinity

o High pressure and warm temperatures
o Low salinity and high temperatures

What is the thermocline?

o A layer of constant temperature in the ocean

o A steep layer where temperature drops quickly with depth

o The boundary between the Epipelagic and Mesopelagic Zones
o The topmost layer of the ocean with no temperature change

Which of the following changes with increasing ocean depth?

o Sunlight increases, pressure decreases, and temperature rises
Sunlight disappears, pressure increases, and temperature drops
Light remains constant, but pressure and temperature stay the same
Only pressure changes; light and temperature stay the same

O O O
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True or False

Write T (True) or F (False) next to each statement. If false, correct the sentence to make it true.

1. The Epipelagic Zone is also called the Sunlight Zone because it receives the most
sunlight.
2. As you go deeper into the ocean, pressure decreases while temperature increases.

3. The thermocline is a layer where the ocean’s temperature changes quickly with
depth.

4, Cold, salty water is denser than warm, fresh water.

5. Most organisms below the Sunlight Zone rely on photosynthesis for energy.

Critical Thinking Questions

Humans often view the world from an anthropocentric perspective, meaning we judge things
based on how they affect human life. For example, the Epipelagic Zone (the Sunlight Zone) is
often considered the most important ocean layer because it supports life on land and at sea,
including producing much of the oxygen we breathe.

But most of the ocean’s volume lies below this layer, in the darker, deeper zones that play vital
roles in Earth’s systems.

Your task: Consider both perspectives. Then write two short statements:
e Statement 1: In support of the Epipelagic Zone being the most important ocean zone

e Statement 2: In support of the deeper ocean zones being more important than the
Epipelagic Zone

46 Marine Science



IN-CHAPTER
Math in Context

1. How many atmospheres of pressure would you feel at 500 meters? 51 atm
2. How many atmospheres of pressure would you feel at 1,000 meters? 101 atm

Lab Sheet

Answers will vary.

PROBLEM SET

Multiple-Choice Questions

Epipelagic Zone

It fades, with red and yellow wavelengths disappearing first.
One atmosphere every 10 meters

The pressure is too high, and the environment is extreme.

Cold temperatures and high salinity

A steep layer where temperature drops quickly with depth
Sunlight disappears, pressure increases, and temperature drops

NoukwnE

True or False — With Corrections
1. T-The Epipelagic Zone is also called the Sunlight Zone because it receives the most
sunlight.

2. F—Correction: As you go deeper into the ocean, pressure increases while temperature
decreases.

3. T-The thermocline is a layer where the ocean’s temperature changes quickly with depth.
4. T-Cold, salty water is denser than warm, fresh water.

5. F—Correction: Most organisms below the Sunlight Zone rely on marine snow or
chemosynthesis, not photosynthesis, because there is no sunlight.

Critical Thinking Sample Responses

Statement 1: In support of the Epipelagic Zone being the most important ocean zone:
Phytoplankton living in the Epipelagic Zone produce up to 50% of Earth’s oxygen through
photosynthesis. This zone also supports marine food webs and provides the foundation for
much of the life in the ocean and on land, making it essential for life on Earth.

Statement 2: In support of the deeper ocean zones being more important than the Epipelagic
Zone: The deeper ocean zones make up over 90% of the ocean’s volume and help regulate
Earth’s climate by storing carbon and distributing nutrients, making them vital to the planet’s
long-term balance.
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Chapter' 10: Coral Reefs

VIDEO LINKS

1.

The Goldilocks Zone of the Ocean

2. Zooxanthellae & Coral Symbiosis
3.
4. Chapter 10 Lab: Coral Reef Model

Niches & Reef Maintenance

MATERIALS LIST
Lab

Ooo0Oo0oo0oooaod

Rectangular cake pan or cookie sheet

Ingredients for Rice Krispy Treats (additional butter needed)

% cup frosting

Food coloring

Gummy fish and other sea-animal-shaped candies (or cut fruit roll-ups into shapes)
Oreos

Toothpicks

Skewers

KEY LEARNING POINTS

Coral reefs are highly biodiverse coastal ecosystems formed by colonies of coral polyps.
Hard corals build reefs using calcium carbonate; soft corals provide flexible habitat struc-
tures.

Coral reefs form in different shapes: fringing reefs, barrier reefs, and atolls.

Reefs depend on stable salinity, warm temperatures, sunlight, and hard substrates.

Coral and zooxanthellae share a mutualistic symbiosis central to reef survival.

Coral bleaching occurs when corals lose their zooxanthellae due to stress.

Reef food webs include producers, consumers, and decomposers; energy flows across tro-
phic levels.

Reef adaptations include specialized coloration, mimicry, camouflage, and defined niches.
Lab Reinforcement:

Students create a coral reef model in stages, representing reef formation, colonization by
pioneer and secondary corals, and recovery after erosion. Reinforces succession, symbiosis,
reef structure, and biodiversity.
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SUGGESTED SCHEDULES

Chapter 10 Day 1 Day 2 Day 3
) . .
days Coral Reefs, in-chapter videos Lab 10

a week and problem set
3 days Coral Reefs.and in-chapter Lab 10 Problem Set
a week videos

CONSUMABLES

In-Chapter

Check for Understanding

How do coral polyps and zooxanthellae both benefit from their mutualistic relationship?

Check for Understanding

Choose the correct answer.

When cleaner wrasses eat parasites off larger fish, the wrasses feed. Which type of
symbiotic relationship is this an example of? Hint: Think in terms of both organisms.
e Mutualism
e Parasitism
e Commensalism
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Check for Understanding

Why don’t fish usually eat cleaner wrasses?
0O Cleaner wrasses are too small to eat.
O Fish recognize cleaner wrasses as helpful and avoid harming them.
0 The false cleaner blenny is faster than most fish.
o Cleaner wrasses hide in coral where predators can’t reach them.

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

CHAPTER 10: PROBLEM SET

Multiple—Choice Questions

1. Which of the following is an abiotic factor that influences coral reef formation?
o Water temperature
o Sunlight availability
o Nutrient levels in the water
o All of the above

2. What type of coral reef forms a ring-shaped structure around a lagoon?
o Fringing reef
o Barrier reef
o Atoll reef
o Patch reef

3. What is the primary material that hard corals use to build their skeletons?
o Keratin
o Calcium carbonate
o Silica
o Spicules

4. Which term describes a close relationship between two different species where both
benefit?
o Parasitism
o Commensalism
o Mutualism
o Predation
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5.

6.

What adaptation helps a reef organism avoid predators by blending into its surroundings?
o Mimicry

o Warning colors

o Camouflage

o Body shape

Why are zooxanthellae essential to the coral reef food web in nutrient-poor waters?

o They create energy through photosynthesis that sustains coral polyps, which are the
foundation of the reef ecosystem.

o They consume plankton, reducing competition for other organisms in the reef.

o They provide food directly to large fish and other predators in the reef.

o They decompose organic material, recycling nutrients for the reef.

True/False Questions: Correct the sentences to make false answers true.

1.
2.
3.

4.

Coral reefs form in deep, nutrient-rich waters far from the equator.
Zooxanthellae provide energy to coral polyps through photosynthesis.

Soft corals are called “reef-building corals” because they create strong calcium carbonate
skeletons.

Parrotfish contribute to the health of coral reefs by eating algae that can smother the coral.

Short Answer Questions

1.
2.

Explain the role of zooxanthellae in the coral-zooxanthellae partnership.

Describe two ways coral reefs maintain their structure and health after a storm.
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IN-CHAPTER
Check for Understanding

Zooxanthellae get a home and nutrients from the coral.

Check for Understanding

When cleaner wrasses eat parasites off larger fish, the wrasses feed. This is an example of
mutualism. The fish no longer have parasites, which is a benefit, and the cleaner wrasse gets
food, which is a benefit.

Check for Understanding

Fish recognize cleaner wrasses as helpful and avoid harming them.

Looking like a cleaner wrasse helps the false cleaner blenny trick other fish into letting it close,
so it can steal food by surprise.

PROBLEM SET

Multiple-Choice Questions

All of the above

Atoll reef

Calcium carbonate

Mutualism

Camouflage

They create energy through photosynthesis that sustains coral polyps, which are the
foundation of the reef ecosystem.

AR AN

True/False

1. False: Coral reefs form in shallow, nutrient-poor waters far from the equator.

2. True

3. False: Hard corals are called “reef-building corals” because they create strong calcium
carbonate skeletons.

4. True

Short Answer Questions

1. Zooxanthellae are photosynthetic microbes that live inside coral polyps. They provide food
for the coral through photosynthesis, sharing the energy they produce. In return, coral
provides the zooxanthellae shelter and carbon dioxide, creating a mutualistic relationship.

2. Coralline algae grow quickly after a storm and act as natural glue, binding broken pieces of
coral together. Sponges provide structural support to the reef and create hollow spaces that
become homes for various organisms, contributing to the reef’s recovery and stability.
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