Lab: Penguin Jigsaw
Adapted from The Science Teacher by Constible, Sandro & Lee

Background: At the global level, strong evidence suggests that observed changes in Earth’s climate are largely due to
human activities (IPCC, 2007). At the regional level, the evidence for human-dominated change is sometimes less clear.
Scientists have a particularly difficult time explaining warming trends in Antarctica – a region with a relatively short
history of scientific observation and a highly variable climate (Clarke et al. 2007). Regardless of the mechanism of
warming, however, climate change is having a dramatic impact on Antarctic ecosystems. This activity highlights the
ecosystem-level changes observed on the western Antarctic Peninsula.
Air temperature data indicate that the western Antarctic Peninsula has warmed by about 3oC in the last century (Clarke
et al. 2007). Although this relatively short-term record is only from a few research stations, other indirect lines of
evidence confirm the trend. The most striking of these proxies is a shift in penguin communities. Adélie penguins, which
are dependent on sea ice for their survival, are rapidly declining on the Antarctic Peninsula despite a 600-year
colonization history. In contrast, chinstrap penguins, which prefer open water, are increasing dramatically. These shifts
in population appear to be the result of a decrease in the amount, timing, and duration of sea ice. Why is sea ice so
important to Adélie penguins? First, sea ice is a feeding platform for Adélies. Krill, the primary prey of Adélies on the
Peninsula, feed on microorganisms growing on the underside of the ice (Atkinson et al. 2004). For Adélie penguins,
which are relatively slow swimmers, it is easier to find food under the ice than in large stretches of open water (Ainley
2002). Second, sea ice helps control the local climate. Ice keeps the Peninsula cool by reflecting solar radiation back to
space. As air temperatures increase and sea ice melts, open water converts radiation into heat and amplifies the upward
trend in local air temperatures (Figure 2; Wadhams 2000). Third, ice acts as a
giant cap on the ocean, limiting evaporation. As sea ice declines, cloud condensation nuclei and moisture are released
into the atmosphere, leading to more snow. This extra snow often does not melt until Adélies have already started
nesting; the resulting melt water can kill their eggs (Fraser and Patterson 1997).
Prelab Questions:
1. How are Adélie penguin populations and chinstrap penguin populations differing in their reactions to rising
temperatures in Antarctica?
2. What makes the Adélie penguins dependent on sea ice for their survival?
3. Krill is a very important organism in the southern ocean. What do krill feed on?
4. Name two other creatures that feed on krill (answer not given above).
5. How does snowfall affect Adélie penguin nesting?
Activity:
A. Each student will become one of the following specialists:
Ornithologist: A scientist who studies birds. Uses visual surveys (from ship or on land), diet analysis, and satellite
tracking to collect data on penguins.
Oceanographer: A scientist who studies the ocean. Uses satellite imagery, underwater sensors, and manual
measurements of sea ice thickness to collect data on sea ice conditions and ocean temperature.
Meteorologist: A scientist who studies the weather. Uses automatic weather stations and visual observations of
the skies to collect data on precipitation, temperature, and cloud cover.
Marine ecologist: A scientist who studies the relationship between organisms and their ocean environment.
Uses visual surveys, diet analysis, and satellite tracking to collect data on organisms, including penguins.
Fisheries biologist: A scientist who studies fish and their prey. Collects data on krill during research cruises.
B. Specialists will graph the information provided, then brainstorm explanations for patterns in their data. Answer the
questions located on your specialist information sheet.
C. Specialist groups then split up and become members of larger heterogenous groups to identify connections between
the various data sets and the effects of regional warming on sea ice, krill, and penguin communities of the
Antarctic Peninsula.
(more on back!)

Specialist Questions – Option One – Ornithologists
6. How do the lifestyles of Adelie penguins change from summer to winter?
7. What threats do Adelie penguins face?
8. How has the number of Adelie penguins changed since 1975?
9. What are some possible explanations for the changes in the Adelie penguin population?
10. What further information would you need to determine whether you were correct in question 9?

Specialist Questions – Option Two - Oceanographers
6. How does sea ice coverage change from summer to winter?
7. How does sea ice coverage affect atmospheric temperatures?
8. How has the area of sea ice coverage changed since 1980?
9. What are some possible explanations for the changes in sea ice coverage since 1980?
10. What further information would you need to determine whether you were correct in question 9?

Specialist Questions – Option Three - Meteorologists
6. How does precipitation in the western Antarctic Peninsula change from summer to winter?
7. How does sea ice coverage affect precipitation in the Antarctic?
8. How has the percentage of precipitation events that are snow changed since 1982?
9. What are some possible explanations for the changes in percentage of precipitation events that are snow since 1982?
10. What further information would you need to determine whether you were correct in question 9?

Specialist Questions – Option Four - Marine Ecologists
6. How do the lifestyles of chinstrap penguins change from summer to winter?
7. What threats do chinstrap penguins face?
8. How has the number of chinstrap penguins changed since 1976?
9. What are some possible explanations for the changes in the chinstrap penguin population?

10. What further information would you need to determine whether you were correct in question 9?

Specialist Questions – Option Five - Fisheries Biologists
6. How do krill populations change from summer to winter?
7. What threats do krill face?
8. How has the density of krill in the Southern Ocean changed since 1982?
9. What are some possible explanations for the changes in krill density in the Southern Ocean?
10. What further information would you need to determine whether you were correct in question 9?

Postlab Questions:
11. Using the information you accumulated in the larger heterogenous group and the flow chart below, discuss the
relationships identified.

12. Discuss the cycle shown below.

13. How has the ecosystem of the Antarctic Peninsula changed in the last 50 years? What are the most likely
explanations for these changes?
14. Describe the evidence supporting these explanations. Is this evidence sufficient? Why or why not?
15. What further questions are left unanswered?

