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Overview
The western Antarctic Peninsula has become the fastest winter 
warming location on Earth. Air temperatures in Antarctica have 
increased dramatically within the past 50 years and have resulted in 
a significant decrease in the extent of sea-ice formed during the 
winter. The reduction in winter sea-ice has not only impacted the 
physics of the region but the biology as well. For instance, it has 
resulted in a reduction in the numbers of krill (tiny crustaceans) and 
an increase in the numbers of salps (small organisms that have been 
described as “bags of water”).

Krill are more successful at times when there is more winter sea ice. 
The sea ice provides a refuge for krill and their larvae. It protects 
them from predators and provides them a food source in the form of 
larger ice algae, which grow in the small cracks on the bottom of the 
sea ice. Salps, on the other hand, prefer open water and warmer 
temperatures. They are also able to eat the smaller free floating algae 
that krill cannot. Thus, the reduction in sea ice as a result of climate 
change has led to a shift from krill dominated waters to those 
teeming with salps.

The transition from krill to 
salps could have 
devastating effects on the 

Antarctic food web. Krill are a major food source for many Antarctic 
predators, including seals, penguins, whales, fish, and birds. 
Meanwhile, salps are less nutritious than krill and are not the main 
source of prey for many organisms. As a result, the decrease in krill 
availability and increase in salps could cause a major disruption in 
the survival of upper level predators. 

Motivating Questions 

• How will the Antarctic food web change due to the melting of ice sheets? 
• In what additional ways is climate change impacting the ocean and organisms within it?   

Project PARKA (Planting AntaRctica in KAnsas)

Take Home Messages

Climate change is impacting the 
lower levels of the Antarctic food 
web in the western Antarctic 
Peninsula due to rising 
temperature and reduced sea ice. 
These impacts are having 
rippling affects throughout the 
Antarctic food web.

Plankton to Penguins: Antarctic Food Web
Materials

For the leader:
Computer

Project

PowerPoint presentation

Video

Copies of homework and article(s)

------------------------------------------------

For the activity:
Antarctic Food Web sheet 

Predator cards (1 set/group)

Game boards (1 set/group)

Krill/Salps/Ice algae/Free floating 
algae (1 set/group)

Ziplock Round bags (1 set/group)

Dice

Antarctic Food Web Data Table
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Structure
Students will run a model of possible impacts to marine life as the amount of sea ice is reduced because of 
climate change. Then using a video presentation and brainstorming session students will begin to explore 
ocean acidification. 

Time Required     Audience
One 45-minute class period    High school students (9th-12th grade).

Activity Outline
Engage: Students are presented with a brief overview of the Antarctic food web to gain a background in 
the major players of the ecosystem.

5 minutes

Explore: In small groups, students model changes in the Antarctic food web due to reductions in sea ice. 30 minutes
Make Sense: Students begin to explore other impacts of climate change on oceanic organisms in terms of 
the affects of ocean acidification.

10 minutes

Total:45 minutes

Next Generation Science Standards 

Performance & Expectation Science & Engineering 
Practice Disciplinary Core Ideas Crosscutting Concepts

Matter and Energy in 
Organisms and Ecosystems, 
HS-LS2-5

Developing and Using Models LS1.C Organization for Matter 
and Energy Flow in Organisms Systems and System Models

Interdependent Relationships in 
Ecosystems, HS-LS2-8

Engaging in Argument form 
Evidence, Scientific Knowledge 
is open to revision in light of 
new evidence

LS2.D Social Interactions and 
Group Behavior Cause and Effect

Natural Selection and Evolution 
HS-LS4-3 Analyzing and Interpreting DataLS4.B Natural Selection Patterns

Kansas State Science Standards 
Standard Benchmark: The student will Indicator

1: Science as inquiry 1: demonstrate the abilities necessary 
to do scientific inquiry

actively engages in investigations, including developing 
questions, gathering and analyzing data, and designing and 
conducting research

3: Life Science 3: understand biological evolution
understands populations of organisms adapt to 
environmental challenges and changes as a result of 
natural selection, genetic drift, and various 
mechanisms of genetic change.

3: Life Science
4: understand the interdependence of 
organisms and their interaction with 
the physical environment

4. understands organisms cooperate and compete in 
complex, interdependent relationships

3: Life Science 6: understand the behavior of animals
1. understands animals have behavioral responses to 
internal changes and to external stimuli. 3. understands 
behaviors are often adaptive when viewed in 
terms of survival and reproductive success.

3: Life Science
7: demonstrate an understanding of 
the diversity of structure and function 
in organisms

1. understands differences in structure and function among 
organisms and can identify the characteristics of relevant life 
forms.

7: History and Nature of 
Science

2: The student will develop an 
understanding of the nature of 
scientific knowledge

2. understands scientific knowledge begins with empirical 
observations, which are the data (also called facts or 
evidence) upon which further scientific knowledge is built.
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Preparation (20 minutes)
1. Write the motivating questions up on the board:

Q. How will the Antarctic food web change 
due to the melting of ice sheets? 

Q. In what additional ways is climate change 
impacting the ocean and organisms within it?   

2. Make sure the “Antarctic Food Web” 
PowerPoint presentations is loaded onto your 
computer and working properly.

3. Make copies of the game board2 and cards so 
that:

a. Each student in a group represents one 
of the predators (penguin, seal, whale, 
petrel, and icefish).

b. Each group has a copy of each round’s 
game board (Round 1, 2, 3).

c. Each group of students has a copy of the 
krill, salps, ice algae, and free floating 
algae cards.

4. Either make a copy of the Antarctic Food Web 
page for each student or project it onto the 
board for the students.

5. Make sure the bags of beads are ready to go for 
each round:

a. Round 1 – 37 red/pink/orange beads 
(krill) and 10 white/black/cream beads 
(salps)

b. Round 2 – 17 red/pink/orange beads 
(krill) and 20 white/black/cream beads 
(salps)

c. Round 3 - 10 red/pink/orange beads 
(krill) and 40 white/black/cream beads 
(salps)

6. Make sure the “A Plague in Air and Sea: 
Neutralizing the Acid of Progress” video is 
loaded onto your computer and working 
probably.

Engage (5 minutes)
1. Use the “Antarctic Food Web” PowerPoint 

presentation to introduce your students to the 
different components of the Antarctic food web. 

a. Slide 1 - To start we are going to review 
the Antarctic food web that we started to 
discuss in the last class.

b. Slide 2 - Antarctica is the southernmost 
continent. Antarctica is in the Southern 
Hemisphere, which means summer in 
the USA is the winter in Antarctica.  
Most scientists conducting research in 
Antarctica do so in the austral summer 
(Nov-Mar), where temperatures average 
about freezing, or 0 degrees C. 
Antarctica, on average, is the coldest, 
driest, and windiest continent, and has 
the highest average elevation of all the 
continents. Antarctica is considered a 
desert, because the continent receives 
very little precipitation.  The 
temperature in Antarctica has reached 
−89 °C. There are no permanent human 
residents, but anywhere from 1,000 to 
5,000 people reside throughout the year 
at the research stations scattered across 
the continent. Only cold-adapted 
organisms survive there, and many of 
the marine animals contain an anti-
freeze protein so they do not freeze.

c.  Slide 3 - The food web in Antarctica is a 
relatively simple food web in 
comparison to other locations in other 
oceans and supports a large variety of 
large predators (whales, seals, penguins).  
Antarctic krill, specifically Euphausia 
superba, are a key species in Antarctic 
food webs.  They feed on phytoplankton 
(mainly large diatoms), 
microzooplankton, and copepods and 
are the major food source for many top 
predators including baleen whales, sea 
birds including penguins, and seals.  
Many life stages of krill need the ice to 
survive over the winter as the winter ice 
contains lots of algae to feed on.

d. Slide 4 - Antarctic krill can grow up to 
6cm in length and live up to 7 years.  
They typically swim together in large 
groups called swarms, which can contain 
up to 60,000 individuals per cubic meter 
of seawater.

e. Slide 5 - The Antarctic continent is 
surrounded by a circumpolar current, 
called the Antarctic Circumpolar 
Current, or ACC.  The ACC is the 
world’s largest ocean current, and this 
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e. current is fed by warmer waters from the 
north.  Thus the ACC is Antarctica’s 
warmest water.  Its temperature ranges 
between 0 and 5 degrees, but for 
Antarctica, this is considered warm 
water.  The WAP is the location where 
the ACC is closest to the continent. The 
location of the ACC in proximity to the 
WAP is also the reason this location is 
warming much more quickly than other 
parts of Antarctica, which I will show 
you next.

f. Slide 6 - The West Antarctic Peninsula, or 
WAP, has undergone profound warming 
in the past decades; thus it is an 
appropriate location to study how rapid 
warming can alter food webs. Mid-
winter surface atmospheric temperatures 
have increased by 6°C (>5x the global 
average) in the past 50 years.  This is 
shown in the left figure with the waters 
near the WAP in red showing a +0.2 
degrees C per year increase over the last 
50 years. Warming air temperatures are 
also associated with the increase in the 
heat content of seawater near the WAP, 
shown as an increasing trend since 1992 
in the figure on the right. Additionally, 
sea ice is declining.  87% of the WAP 
glaciers are in retreat, the ice season has 
shortened by nearly 90 days, and 
perennial sea ice is no longer a feature of 
this environment. These changes are 
accelerating.

g. Slide 7 - (Stop here and have the 
students complete the activity.)

2. After you have finished sharing the 
presentation, distribute copies of (or project) the 
Antarctic Food Web and ask the students to 
look it over and think of any questions they 
might have. Answering questions as they come 
up.

Explore (30 minutes)
1. Explain to the students that they will be 

working in small groups to model the impacts 
of reduced sea ice from climate change on the 
Antarctic food web.

2. Provide the students with the krill, salps, ice 
algae, and free floating algae cards and discuss 
some or all of the following information:

a. Krill depend on algal blooms 
underneath the ice for food during 
the winter (May to October). They 
cannot eat the small free floating 
algae because they are too tiny for the 
krill to catch.

b. Salps, on the other hand, can eat the 
very small free floating algae that live 
in the freshwater from melted ice.

3. Go over the following rules to the food web 
game:

a. Each student will represent a 
predator in the food web that feeds 
on zooplankton (Mackeral icefish, 
Humpback whale, Cape Petral, 
Weddell seal, or Adelie penguin). 
First, the students will need to select 
which predators they are going to be 
for the simulation. Have the students 
read from their cards what their food 
requirements (krill and/or slaps) are 
for each round (season) of the 
simulation.

b. Begin with the Round 1 game board 
and empty the contents of the Round 
1 ziplock bag of krill and salps 
(beads) onto the board. The krill 
(red/pink/orange beads) should be 
placed beneath the ice sheet where 
the ice algae are located and the salps 
(white/black/grey beads) should be 
placed in the open water where they 
feed on the free-floating algae.

c. Begin the round (season) by each 
student rolling the die. The student 
with the highest number will go first, 
and then the order will progress 
around the group to the right. This 
order only lasts for this one round 
(season).

d. When it is the student’s turn, s/he 
must take enough food/beads (krill 
or salps) from the game board so that 
s/he has energy to last to the next 
round (season). Reminder, the 
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d. predator cards provide information 
on what and how much food each 
predator needs to eat per round 
(season).

e. Each student must fulfill his/her 
food requirements. If s/he cannot 
fulfill these requirements during one 
round, then s/he hasn’t received 
enough energy that season. S/he will 
be tired, but safe. However, if s/he 
cannot fulfill these requirements 
during the next round (season), s/he 
realizes there isn’t enough energy to 
survive in that location ~ so s/he 
decides to move to another area. S/
he is no longer part of the ecosystem 
and no longer participates in the 
following rounds (seasons) of the 
model.

f. When each student has taken their 
turn in Round 1, then place the krill 
and salps (beads) from Round 1 back 
into the Round 1 ziplock bag.

g. The students should then record in 
the Antarctic Food Web Data Table 
how much food each student in the 
group was able to consume in the 
round (season).

h. Repeat steps b-f for Round 2 and 
Round 3. 

4. Once the students have finished the model, 
have the students report out how the model 
developed. What happened as they ran through 
the model? Who survived, and who didn’t?

5. Ask the students the following questions:

a. Were there any differences in the 
Antarctic environmental between the 
seasons (rounds)? If so, what were 
they? – Students should discuss that 
there was less sea ice in each season and 
there were more salps and less krill 
during each season.

b. What happened to the consumers as 
the amount of krill decreased? Who 
was most affected? Least affected?

Make Sense (10 minutes)
1. Use the “Antarctic Food Web” PowerPoint 

presentation to assist your students in 
summarizing the results of the Antarctic food 
web model. 

a. Slide 8 - The recent changes in climate at 
WAP are now being seen in nearly all 
trophic levels of the food web there.  
There have been declines in 
phytoplankton, which is the base of the 
food web there.  Additionally, there has 
been a shift from large phytoplankton 
that krill can eat, such as this diatom 
shown in the left picture here, to very 
small celled phytoplankton, such as this 
small flagellate shown on the right here.  
The flagellate is about 1/10 of the size of 
the diatom.

b. Slide 9 - These changes in food 
availability and type are negatively 
affecting consumers such as krill.  
However, salps (which is a barrel-shaped 
gelatinous zooplankton shown here on 
the right) are adapted to feeding on 
small cells.  Additionally, the loss of sea 
ice is better for salps as they are adapted 
to more open-water conditions.  Many 
life stages of krill however, need the ice 
to survive over the winter as the ice 
contains lots of algae to feed on. Krill are 
much more nutritious to predators such 
as penguins and whales, whereas salps 
are basically just bags of water with very 
little nutrition.  

c. Slide 10 - And finally, scientists are now 
seeing changes in predators, specifically 
declines in the krill and ice-dependent 
Adelie penguin (left) and increases in 
subpolar (warmer adapted) species such 
as Gentoos and Chinstraps (right), that 
can also dive deeper than Adelies and 
eat deep-water fish.

d. Slide 11 - This figure reiterates the 
change in penguins.  Year is on the x-axis 
at the bottom, from 1975-2010.  The red 
line is the % of Adelie penguins 
remaining since 1975.  By 2010, Adelie 
population has declined in this region by 
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d. over 80%.  On the contrary, the blue and 
green lines show % increases in 
Chinstraps and Gentoos, respectively, 
since 1975.

2. Depending on how the discussion and the 
presentation of slides goes, provide the 
students with some or all of the following 
information:

a. The decrease in sea ice will impact the 
entire food web. As demonstrate by the 
energy transfer model, the loss of krill 
does not only impact the organisms that 
eat krill directly, but also those animals 
that eat the krill-eating animals.

b. As the amount of sea ice is reduced, 
there is a loss of algae that live within 
and under the ice, resulting in a decrease 
of krill. An increase in small algae that 
float in the freshwater from the melted 
sea ice results in more salps. Krill is 
significantly more nutritious than salps. 
Many organisms cannot substitute salps 
for krill.

c. The biological portion of the Antarctic 
ecosystem will change as animals either 
die or move to other locations in order to 
survive. Climate change is altering the 
ecosystem.

3. Once the discussion slows down, point to the 
motivating questions and ask: 
Q. How will the Antarctic food web change 
due to the melting of ice sheets? 

Q. In what additional ways is climate change 
impacting the ocean and organisms within it?   

4. Be accepting of all responses from the students. 
This is your opportunity to make sure the 
students understand the “take home message” 
of the section.

5. As the discussion turns to the second 
motivating question, have the students turn to 
their neighbor and discuss with a partner for 30 
seconds their thoughts.

6. After the students think and share in their pair 
groups, have a couple volunteers share out to 
the class some of the ideas that surfaced in their 
discussions. 

7. If ocean acidification comes up lead directly 
into the video, if not provide a connector into 
the video. Tell the students that they will watch 
a short clip from Dr. Debra Inglesias-Rodriquez 
(University of Southampton) about ocean 
acidification and her work with sea urchins. 
Show the students Dr. Debra Inglesias-
Rodriquez’s presentation “A Plague in Air and 
Sea: Neutralizing the Acid of Progress” (http://
coseenow.net/blog/2010/12/ocean-
acidification/).

8. After the video finishes, lead the class in a 
discussion about how ocean acidification may 
further impact the Antarctic food web. As the 
students brainstorm ideas, capture their 
thinking by writing down their thoughts on the 
board. 

9. Before the end of class, ask if the students have 
any final questions about the activities and 
presentations of the day.

Homework
1. Before the students read the assigned 

reading, have the students answer the 
following writing prompt - What do you 
know about ocean acidification? What do you 
want to know about ocean acidification? This is 
intended to be a thought provoking activity. 
The point is to have the students reflect 
upon what they know and what they want 
to know about ocean acidification to get an 
understanding of their prior knowledge and 
questions.

2. Have the students read either or both of 
these articles on ocean acidification:

a. Doney, S. (March 2006) “The Dangers 
of Ocean Acidification” Scientific 
American

b. European Project on OCean 
Acidification “Ocean Acidification: 
Questions Answered” (http://
www.epoca-project.eu/index.php/
what-do-we-do/outreach/rug/oa-
questions-answered.html).

3. Afterwards, have the students answer the 
following writing prompt - What did you 
learn about ocean acidification? What questions 
do you still have about ocean acidification? This 

http://coseenow.net/blog/2010/12/ocean-acidification/
http://coseenow.net/blog/2010/12/ocean-acidification/
http://coseenow.net/blog/2010/12/ocean-acidification/
http://coseenow.net/blog/2010/12/ocean-acidification/
http://coseenow.net/blog/2010/12/ocean-acidification/
http://coseenow.net/blog/2010/12/ocean-acidification/
http://www.epoca-project.eu/index.php/what-do-we-do/outreach/rug/oa-questions-answered.html
http://www.epoca-project.eu/index.php/what-do-we-do/outreach/rug/oa-questions-answered.html
http://www.epoca-project.eu/index.php/what-do-we-do/outreach/rug/oa-questions-answered.html
http://www.epoca-project.eu/index.php/what-do-we-do/outreach/rug/oa-questions-answered.html
http://www.epoca-project.eu/index.php/what-do-we-do/outreach/rug/oa-questions-answered.html
http://www.epoca-project.eu/index.php/what-do-we-do/outreach/rug/oa-questions-answered.html
http://www.epoca-project.eu/index.php/what-do-we-do/outreach/rug/oa-questions-answered.html
http://www.epoca-project.eu/index.php/what-do-we-do/outreach/rug/oa-questions-answered.html


Planting AntaRctica in KAnsas (Project PARKA)                        Page 7                                                                                     9/10/13

3. is again intended to be a thought provoking 
activity. The point is not to get the “right” 
answers but rather to have the students 
think through what they just read and 
determine if any of their questions were 
answered and what additional questions 
they now may have.

** Note – This lesson has been adapted from 
“Antarctica Melting - The Antarctic Food Web” 

COSEE NOW (http://coseenow.net/
antarctica/Act 2 Lesson and Activity.pdf)

http://coseenow.net/antarctica/Act%202%20Lesson%20and%20Activity.pdf
http://coseenow.net/antarctica/Act%202%20Lesson%20and%20Activity.pdf
http://coseenow.net/antarctica/Act%202%20Lesson%20and%20Activity.pdf
http://coseenow.net/antarctica/Act%202%20Lesson%20and%20Activity.pdf
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Names: ________________________  ________________________
     ________________________  ________________________
     ________________________

Complete the data table by recording the amount of food (number of beads) each 
predator was able to eat (collect) of the different food items, krill or salps. 
Complete for each Season/Round of the model.

Season
/Round 1
Season

/Round 1
Season

/Round 2
Season

/Round 2
Season

/Round 3
Season

/Round 3
Healthy, 
Tired, 
Moved 
Away?Krill Salps Krill Salps Krill Salps

Healthy, 
Tired, 
Moved 
Away?

Mackeral 
icefish

Humpback 
whale

Cape Petral

Weddell seal

Adelie 
penguin

Project PARKA (Planting AntaRctica in KAnsas)

Antarctic Food Web Data Table
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Name: ________________________  Date: ________________________

1. Before reading the article(s), answer these writing prompts – What do you know about 
ocean acidification? What do you want to know about ocean acidification?

2. After reading the article(s), answer the following writing prompts - What did you learn 
about ocean acidification? What questions do you still have about ocean acidification? 

BEFORE THE READING…
__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

AFTER THE READING…
__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

Project PARKA (Planting AntaRctica in KAnsas)

Plankton to Penguins – Homework Assignment


