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Sampling the Ocean 
Grade Level:  grades 9-12 

Lesson Summary:  Students will simulate sampling organisms to generate oceanographic data.  They 
will become aware of some of the difficulties inherent in sampling the ocean (such as patchiness and 
behavior of animals.). They will also practice drawing conclusions based on data. 

Lesson Duration:  one 90-minute class period 

Learning Objectives: 

• Students will understand that the ocean is very large and it is very difficult to sample it completely. 
• Students will understand that the manner in which data are collected impacts the results. 
• Students will be able to interpret data that they collect 

 

Content Standards: 

• Ocean Literacy Principles 
o Essential Principle 5: The ocean supports a great diversity of life and ecosystems. 
o Essential Principle 7: The ocean is largely unexplored. 

 
• National Science Education Standards 

o Content Standard (A): Science as Inquiry: Abilities necessary to do scientific inquiry. 
 

• California State Science Content Standards 
o Investigation and Experimentation 1b: Identify and communicate sources of unavoidable 

experimental error. 
o Investigation and Experimentation 1c: Identify possible reasons for inconsistent results, 

such as sources of error or uncontrolled conditions. 
o Investigation and Experimentation 1d: Formulate explanations by using logic and evidence. 
o Investigation and Experimentation 1k: Recognize the cumulative nature of scientific 

evidence. 
 
 
Cruise Information: 
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This lesson was created as part of the Cal-Echoes cruise and the Scripps Classroom Connection GK-12 
program.  The Cal-Echoes cruise was a student led research cruise that collected scientific data from the 
Santa Barbara Basin during the Fall of 2010.  The cruise participants included 25 scientists and 10 
educators as well as 23 crew members.  The scientific goals of the cruise were to gain a better 
understanding of the coastal marine ecosystem of the Santa Barbara Basin, attempt to understand the 
history of the ecosystem in order to better understand why the ocean looks the way that it does today, and 
to better understand the connections between the ecosystem, its organisms, and the humans who live and 
use the coast and its resources.  The cruise also had a strong educational component, which aimed to 
bring the experience and the science of the cruise to students and teachers.  Lesson plans, activities, and 
videos were created and are available at http://calechoes.wordpress.com/. 
 
Author:  Alison Cawood, Scripps GK-12 Fellow, Mission Bay High School, San Diego, CA 
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TEACHER Instructions 

Background:  The ocean is the largest habitat on earth.  Additionally, it is an incredibly complicated place where 
climate science, physics, chemistry, geology, and biology all combine to form the patterns that we see.  This makes 
studying the ocean quite a challenging (and truly fascinating) undertaking. It also means that the ocean is an excellent 
example of environmental variability and the importance of taking multiple samples.   

Because of the challenges that oceanographers face, they use a variety of techniques ranging from simple (nets with 
different mesh sizes) to incredibly complex (satellites) in order to conduct their research.  Each of these methods has 
benefits and drawbacks.  Simple things (like nets) can only sample a small portion of the water at a time.  However, 
they are one of the only ways that we have to collect animals (especially live ones) from the ocean.  Satellites cover a 
huge area, but can provide only certain kinds of data and they can often not provide very detailed data over small 
spatial scales. 

Not only is the ocean very large, but it is always moving (and therefore always changing).  This means that what you 
sample in one place is not the same as what is happening 1 kilometer in any direction.  Things also change temporally, 
so the observations that you make one day may be very different from the ones that you made the day before or the 
day after.  This means that sampling the ocean many times is necessary in order to be able to draw well-supported 
conclusions.  Having only one sample can only tell you what was happening at that place at that time.  It may or may 
not have anything to do with long term patterns in space or time.   

There are many scales of variability to consider.  On the smallest scales, there is diffusion, small scale mixing, and the 
behavior of individual organisms.  On large scales, there is deep sea convection and ice ages.  The question that you 
are asking as well as the time and spatial scales related to your question will determine the kinds and amount of data 
that you need to collect and the equipment that you will need to use. 

 

Materials:  
(one for each group of 3 to 5 students) 

• Worksheet  

• Thermometers  

• Flashlights (the brighter the better)  

• Clear plastic containers (e.g. Sterilite 6 Quart Plastic Shoe Box)  

• Ziploc bags 

• Warm rocks (to heat rocks, place them in a beaker of water on a hot plate) 

• Ice 

• Live brine shrimp (can be purchased at a fish/home aquarium shop) 

• Small aquarium nets 

• Seawater (real or artificial) 

• Petri dishes 
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• Dissecting microscopes 

• Plastic pipettes or eye droppers 

 

Instructional Strategies/5 E model: 
Engage:  Have students answer the Pre-Activity questions.  Have them discuss their answers in pairs or small groups.  
As a class, discuss all of the answers, making a class list of all of the answers. 

Explore:  Before class begins, fill plastic containers (one for each group of 3 to 5 students) with water.  In one end of 
the container, place a Ziploc bag full of ice and a bag of warm rocks on the other end.  Cover the ends of the container 
so that students will not be able to see the bags on either end. 

Have each group of students take the temperature in their container from 10 different points within the plastic container.  
Students can then answer the questions in the Temperature data portion of the worksheet. 

Give each group a tub filled with sea water to which brine shrimp have been added.  The higher the concentration of 
brine shrimp, the more dramatic the effects will be.  Have the students gently mix the dish so that the brine shrimp are 
distributed more or less evenly.  Place a flashlight at one end of the container with the light shining towards the water 
and turn the lights out (or down) in the classroom.  The brine shrimp should move towards the light.  Wait 5 to 10 
minutes for the brine shrimp to redistribute themselves.  At the end of the waiting period, have students use aquarium 
nets to sample from the non-flashlight end of the container.  They can rinse the net into a Petri dish.  This should be 
repeated with samples from the center of the container and from the flashlight end of the container, emptying each 
sample into a separate Petri dish.  When the samples have been collected, have students take one subsample from 
each using the pipette or eye dropper.  Students should then use the dissecting microscope to count brine shrimp from 
each subsample.  Have students answer the Brine Shrimp Data portion of the worksheet. 

Explain:  Have students work in their groups to answer the Post-Activity questions.  As a class, discuss the answers to 
the questions.  Introduce the students to different pieces of oceanographic sampling equipment (CTD, bong net, manta 
net, MOCNESS, etc.) and have them discuss the benefits and drawbacks to each piece of equipment.   

Elaborate:  Assign a research question or allow each student (or small group of students) to come up with their own 
question.  Questions might include: How would you sample the temperature in the California current?  How would you 
sample zooplankton in the California current?  How would you examine seasonal changes in temperature in the 
California current? 

After students have a question, ask them to come up with a sampling scheme.  They should address the questions in 
the Extension portion of the worksheet. 

Evaluate:  Have each group present their sampling scheme to the class.  Allow other students to ask questions.  When 
all groups have completed their presentations, have a class discussion about the benefits of various methods and 
schemes. 

 

Additional Resources: 
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• Cal Echoes Research Cruise (see sampling page): http://calechoes.ucsd.edu 

• Woods Hole Oceanographic Institution information about oceanographic sampling equipment: 
http://www.whoi.edu/page.do?pid=8125 

• CalCOFI images of sampling methods: http://media.calcofi.net/equipt.html 

• California Current Ecosystem LTER methods summaries: http://ccelter-dev.ucsd.edu/data/methods/ 

• Scripps Classroom Connection GK-12 program with earth, environmental, and marine science lesson plans 
http://earthref.org/SCC/ 
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Answer Key for Student Instructions: 
Pre-Activity Questions 

1. What are some challenges that scientists might face when they attempt to sample the ocean? 
Appropriate answers might include: large size, can’t see under the surface, hard to get to many parts of it, 
patchiness of organisms, always moving (currents, tides).  Students may come up with many more. 

2. What are some ways that collecting data from the ocean is different from collecting data on land? 
Appropriate answers might include:  harder to see what is around (in the distance, etc.) in ocean than on land, can’t 
spend unlimited amount of time looking at things under water, seawater is corrosive to much equipment, making it 
difficult to keep things in the water long term, expensive to sample ocean (because harder to access) 

Temperature Data 

3. How did your sampling locations (the place where you took the temperatures) impact your data? 
Not all portions of the container had the same temperature, so the warmth or coldness varied depending on where 
you took the measurement. 

6. Give an explanation for the pattern that you see in the temperature data. 
Correct answers may refer to the fact that there was uneven heating/cooling of the water bath and that it had not 
had time to mix completely so these differences were measureable 

 
Brine Shrimp Data 

5. Give an explanation for the pattern that you see in the distribution of brine shrimp. 
Correct answers may refer to the presence of a light source, the attraction of the brine shrimp to light, and the 
behaviors of the shrimp. 

Post-Activity Questions 

1. What kinds of things might occur in the ocean that would make it difficult for scientists to get accurate data from just 
one measurement? 
Correct answers may include: mixing/movement of water, behavior of organisms, movement of organism by water, 
layers in the ocean, different light at different depths, different availability of nutrients, human impacts 

2. Is it important for scientists to take multiple samples?  Explain your answer. 
Yes, because one sample may not be representative of the entire system that they are studying.  If they only take 
one sample and it is in a cool spot, they might conclude that the entire area is cooler than it actually is.   

3. How do you think that a scientist can know if the sample that they have is representative of the whole ecosystem? 
You can never be absolutely sure.  Taking multiple samples and looking for similarities between those samples can 
help, as can conducting laboratory experiments in a controlled environment. 

4. What do you think that scientists can learn from collection samples over a short time period and a small space (like 
you did with the temperature and brine shrimp activities)? 
Small scale patterns.  Behavior of individual organisms. 

5. What do you think that scientists can learn from collecting samples over a large space or time scale (like satellites 
or deep ocean cores)? 
Large scale patterns, compare over long periods of time 
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6. What do you think determines the kinds of equipment, distribution, and frequency of sampling that scientists 
choose?  Explain your answer. 
This is determined by the kind of question that the scientist is asking.  You can’t use satellites to know about the 
behavior of individual zooplankton and you can’t use nets to learn about the chlorophyll fluorescence of the entire 
ocean.  Part of learning to be a scientist is learning what tools to use when. 
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STUDENT INSTRUCTIONS 

Sampling the Ocean 
Name: 

Introduction: The ocean is a very large ecosystem.  There are layers of water, currents, regions of 
differing temperature, salinity, and oxygen, and millions of kinds of animals in it.  These factors combine 
with the fact that we can’t actually see most of the ocean.  This means that it can be very difficult to 
sample the ocean efficiently.  Today, you are going to explore some of these difficulties and some of the 
ways that scientists try to deal with them. 

Vocabulary 

• Plankton – drifting organisms; organisms that cannot swim against the current 
• Zooplankton – animal-like planktonic organisms 
• Ecosystem – a system formed by the interaction of the community of organisms and their 

environment 
• Sampling – collection of scientific data 
• Range: -- the distance between the maximum and the minimum values of a data set 
• Distribution: -- the pattern in which organisms are found within an ecosystem 

 
Pre-Activity Questions 

1. What are some challenges that scientists might face when they attempt to sample the ocean? 
 

 

 

 

2. What are some ways that collecting data from the ocean is different from collecting data on land? 
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Temperature Procedure 

1. Use your thermometer to take the temperature from any point in the water bin.  Record the 
temperature reading in the data chart of the Temperature Data section of the worksheet. 

2. Repeat Step 1 nine more times (complete the data chart).  Make sure to take the temperature from 
a different point each time. 

3. Answer the questions in the Temperature Data section. 
 
 
 

Temperature Data 

Trial Number Temperature (°C) 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  
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Temperature Questions 
 

1. What are the average (mean) temperature and the minimum and maximum temperatures that you 
measured? 

 
- Average: 
 

- Maximum: 
 

- Minimum: 
 

 
2. How do your maximum, minimum and average temperatures compare to one another? 

 

 

 

3. How did your sampling locations (the place where you took the temperatures) impact your data? 
 

 

 

4. Based on your data, what would you say is the temperature of the water bath?  Explain how you 
determined this number. 

 

 

5. If you only had the first 3 data points, would your answer to question 4 be different?  Explain why or 
why not. 
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6. Give an explanation for the pattern that you see in the temperature data. 
 

 

Brine Shrimp Procedure 

1. Gently mix the water in your container to distribute the brine shrimp as evenly as possible. 

2. Place the flashlight against the container at one end of the container.  This should be on the short 

side of the rectangle. 

3. Turn the flashlight on.  When everyone else is ready, your instructor will turn the classroom lights 

off. 

4. Wait 5 to 10 minutes for the brine shrimp to distribute themselves within the container. 

5. Label 3 Petri dishes: Away from Light, Center, and Near Light. 

6. Drag the net from one side of the container to the other (short side) on the end of the container 

without the flashlight.  Rinse the net into the Petri dish labeled Away from Light using fresh water. 

7. Drag the net from one side of the container to the other in the center of the container.  Rinse the 

net into the Petri dish labeled Center. 

8. Drag the net from one side of the container to the other on the side of the container closest to the 

flashlight.  Rinse the net into the Petri dish labeled Near Light. 

9. Use a pipette to transfer a small amount of the sample from the Away from Light to a clean Petri 

dish.   
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10. Use a dissecting microscope to count the number of brine shrimp in your subsample.  Enter the 

count into the chart in the Brine Shrimp Data section. 

11. Repeat steps 9 and 10 with the Center sample. 

12. Repeat steps 9 and 10 with the Near Light sample. 

13. Answer the questions in the Brine Shrimp Data section of the worksheet. 

 
Brine Shrimp Data 

Sample Number of Brine Shrimp 

Away from Light  

Center  

Near Light  

 

Brine Shrimp Questions 

1. Where did you sample the highest number of shrimp?  Where did you sample the lowest number of 
shrimp? 

 

 

2. Which sample do you think is the most representative of the number of shrimp that are actually in 
the sample? 

 

 

3. Based on your data, give an estimate of the number of brine shrimp that are in the container.  
Explain how you determined this number. 
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4. Would your answer to question 3 be different if you had only taken the first (away from light) 
sample?  Explain why or why not. 

 

 

5. Give an explanation for the pattern that you see in the distribution of brine shrimp. 
 

 

Post-Activity Questions 

1. What kinds of things might occur in the ocean that would make it difficult for scientists to get 
accurate data from just one measurement? 

 
 
 

2. Is it important for scientists to take multiple samples?  Explain your answer. 
 

 

 

3. How do you think that a scientist can know if the sample that they have is representative of the 
whole ecosystem? 

 

 

 

4. What do you think that scientists can learn from collection samples over a short time period and a 
small space (like you did with the temperature and brine shrimp activities)? 
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5. What do you think that scientists can learn from collecting samples over a large space or time 
scale (like satellites or deep ocean cores)? 

 

 

 

6. What do you think determines the kinds of equipment, distribution, and frequency of sampling that 
scientists choose?  Explain your answer. 

 
 
 
 
 
Extension 
Come up with a sampling scheme that addresses your research question.  Make sure that you address 
the following points when designing/explaining your sampling scheme: 

• What is the time scale of your question (does it happen quickly or slowly)? 
• What is the spatial scale of your question (does it occur over a large area or a small area)? 
• What kind of equipment would you use?  What are the advantages of using this equipment?  

What are the limitations?   
• Would it be useful to combine data from more than one type of equipment in order to address 

your question? 
• How often will you take samples?  Why? 
• Where will you take samples?  Why? 
• How many samples will you take?  Why? 
• What is the time period over which sampling will occur (one day, ten years, etc)? 
• How would you account for environmental variability in your samples? 
• What are the aspects of your sampling environment that you cannot control?  Is it possible to 

account for those factors when analyzing your data? 
 

 


