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Oldest level

The abundant life of the Icefjord is one out of six books accompanying the ice floes in the exhibition at the Icefjord Centre.

Subjects
Cross-curricular – science and mathematics

Learning objectives
· The students gain knowledge about the abundant life of plankton and animals that have adapted to the arctic climate.
· The students get an understanding of the marine food web.
· They practise their skills at communication and collaboration.

Organization
Let the students work in small groups, pairs or individually. Depending on what suits each student best and the competences to be developed. Keep in mind that your best friend is not necessarily the one you collaborate best with. Working together is about working together and not just being together.

About the material
The digital material is in Keynote format. If the students are not familiar with this program, the material can be downloaded in PowerPoint format.

The process consists of three stages:
· Introduction to the book The abundant life of the Icefjord
· Working with the chapters of the book
· Reflections on the process and further treatment of selected topics



Page by page guide

The book
Let the students explore The abundant life of the Icefjord. The book is the basis for the tasks the students will work on. It contains seven chapters, each of them divided into two or three sections.

To each section in the book some tasks are given for the students to solve. There is a text to read and then some questions to work on. The page references to the book and supplementary links may help the students to find answers. Encourage the students to think of more questions.

What method they use in solving their task depends on what they are familiar with – or they might learn a new method. You can choose: text, audio, image and/or drawing. If more room is needed for the answers, extra slides can be added.

The spring bloom
This chapter contains three sections; supplementary information can be found here: copepods and climate changes.

The nutritious Icefjord
Let the students study the picture and discuss what the arrows show.

After reading the text they are to work with these questions:
· Why are there most nutrients and plankton near the glacier front?
· Why is the fresh water from the glacier lighter than the salt water from the Icefjord?
· Why does the production of phytoplankton increase in spring and summer?

Explain or refresh the concepts climate change, food web, nutrients and plankton.

The importance of the sea ice for the spring bloom
The students see a picture of a marine food web. Let them talk with their partner or the group about the details of what they see.

After reading the text they are to work with these questions:
· Why is it important that the copepods eat themselves fat?
· Which organism in this food web can conduct photosynthesis?
· Who eats whom? And why do some not get eaten?

Explain or refresh the concepts photosynthesis and biotic and abiotic factors.

The spring bloom
The students see a picture of copepods rising up to eat themselves fat on algae. If changes happen to the bloom, it can seriously affect the copepod which is an important food source.
Talk with students about the consequences of climate changes and why the arctic copepods are moving north.

After reading the text they are to work with these questions:
· What could be the causes of the ice breaking too early or being completely missing?
· How does it affect the marine food web if the bloom occurs too early?
· When the copepods rise towards the surface, will they be close to or far from the glacier front?

Summarize the previous questions where you talked about the concepts climate changes and food web. Let the students apply these concepts in this context.

If you have been working with UN’s world goals, goal 13 and goal 14 would be relevant here.

The copepod
The chapter contains two sections; supplementary information here: copepods and algae.

The copepod is central to the arctic food web
Let the students find the Disko Bay and the Icefjord on a map. Refresh what a food web is, and why the copepod is especially important in the marine food web.

After reading the text they are to work with these questions:
· What does the concept species mean?
· Why is it fortunate that the species Calanus is big and fat?
· The copepod is a multicellular animal – meaning what?

Explain or refresh the concepts species and multicellular/unicellular organisms.
Time permitting you might go over the animal cell and the plant cell.

Ice algae and phytoplankton
Let the students study the picture of ice algae underneath the ice. Talk with the students about what other plants ice algae are similar to, and why they grow right there, on the underside of the ice.

After reading the text they are to work with these questions:
· What is photosynthesis?
· If ice algae had not adapted so that they can conduct phosynthesis even with very little sunlight – what would happen to the arctic food web?
· What does it mean that an organism adapts to its environment?

Explain or refresh the concept adaptation and discuss other habitats familiar to the students.

The northern prawn
This chapter contains three sections; supplementary information here: the northern prawn, krill,  and the opilio crab.

The northern prawn is a hermaphrodite
This prawn begins its life as male and later changes sex to female. Talk with the students about the stages the prawn passes through and how long each stage takes.

After reading the text they are to work with these questions:
· The northern prawn is a protandrous hermaphrodite. What does that mean?
· What does the prawn eat?
· Why is the northern prawn so important to the economy in Ilulissat?

Explain or refresh the concepts hermaphrodite and neuter. Discuss if this is seen in humans too. If time permits you could digress into the big topic: sex/gender.

Lawnmower of the sea ice – the small crustaceans
Introduce the students to the concept krill. Let them in groups talk about what other crustaceans they know. A google search might be useful.

After reading the text they are to work with these questions:
· Why is krill called the lawnmower of the sea ice?
· Study the marine food web: who eats krill?
· The world under the ice is called the grassy plains of the arctic area – what can krill be compared to?

Talk with the students about the algae growing on the underside of the ice – the arctic areas’ grassy plains. Let them name some animals that literally feed on grass. Let the students in small groups find other analogies in the animal or vegetable kingdom. Like the humpback whale as the song trush of the sea – moth as the butterfly of the night.

The opilio crab
In the picture the students see a opilio crab, a part of the marine food web. The opilio crab has 20-150,000 fertilized eggs. When the eggs are hatched, the larvae live in the free water masses and gradually change into adult crabs. Talk with the students about the concept of transformation (metamorphosis) – and if they know other animals that begin their life as larvae and gradually undergoes a transformation to the adult version of the animal.

After reading the text they are to work with these questions:
· Why are the crab’s eggs hatched in springtime?
· What is the physical difference between the male and female crab?
· Where in the marine food web (page 13) would you place the opilio crab?

Overfishing is one of the reasons for the shrinking population of the opilio crab. Talk with the students about this being a general problem in many places.

The Greenland halibut
This chapter contains three sections; supplementary reading: the Greenland halibut, the polar cod and the Greenland shark.

Greenland halibut stay in the Icefjord their entire lives
The students see a picture of the Greenland halibut, a coveted fish in the Disko Bay. Halibut is a flatfish. Let the students in groups discuss what species of fish they know, and their experiences with edible fish.

After reading the text they are to work with these questions:
· How do you tell a Greenland halibut from other flatfish?
· Flatfish often live at the bottom where they can hide – does that go for the halibut too?
· Why are Greenland halibut in the Icefjord fatter than other Greenland halibut?

Refresh the concept adaptation that you worked with in relation to ice algae. How have Greenland halibut and other flatfish adapted to life at the bottom and in the free water masses?

The polar cod has adapted to extremely cold water
 The polar cod is not important to fishing in Greenland. Discuss with the students what other fish and crustaceans are important for the export from Ilulissat.

After reading the text they are to work with these questions:
· Describe the polar cod. Use technical terms where possible.
· What would happen to the cod if it did not have antifreeze in its blood?
· What does the polar cod eat?

Reuse the concept adaptation, in relation to the “antifreeze” of the cod. Let the students talk about other animals that have adapted to the temperature in their habitat. Introduce the concepts homoeothermic and poikilothermic.

The Greenland shark – the second largest predatory shark in the world
Besides being the second largest predatory shark, it is also the longest living vertebrate. Discuss the concepts vertebrate and biological taxonomy.

After reading the text they are to work with these questions:
· How can the Greenland shark catch seals swimming much faster than itself?
· The Greenland shark’s visual sense is practically non-existent, but its electrical sense works really well. What senses do humans have?
· The shark has a parasitical copepod in its eyes – what does parasitical mean?

Let the students discuss the concept parasitical in groups and find other examples of parasites in the animal or vegetable kingdom.

The harp seal
The chapter contains two sections; supplementary reading: the harp seal and the ringed seal.

The harp seal – the fastest seal
The fur of the newborn pup was formerly much coveted. Today it is illegal to kill them. Talk with the students about this as a cause for the growth of the seal population – and if they know other examples of animals being hunted where only a part of the animal is of economic value.

After reading the text they are to work with these questions:
· What is dolphin swimming?
· What does moulting mean?
· Why can the cold be dangerous to a newborn pup?

The pups usually suckle for 10-12 days, and during this period gain a little over 2 kg per day. Discuss with the students how this differs from humans, and why it is important for the pup to gain weight fast.

The steadfast ringed seal
The ringed seal lives all year in the Icefjord – and for that reason is also called the Icefjord seal. Unlike the harp seal it gives birth in a lair in the snow. Let the students study the picture of the snow lair and talk with them about how the seal keeps the hole in the ice open.

After reading the text they are to work with these questions:
· How has the ringed seal adapted to life in the Icefjord making it possible to survive all year?
· What are the benefits of breeding in a cave in the snow?
· Would it affect the population of ringed seal if the copepod was unable to get fat during the spring bloom?

Refresh the concept adaptation in relation to the ringed seal’s development of claws on the foreflippers. Refresh the concept food web with special regard to how it will be affected if the population of one organism shrinks.

The bowhead whale
This chapter contains three sections; supplementary reading: the bowhead whale, the humpback whale and the narwhal.

The bowhead whale – the longest-lived mammal in the world
The bowhead whale is the longest living mammal while the Greenland shark is the longest living vertebrate and fish. Talk with the students about mammals and fish living in water.

After reading the text they are to work with these questions:
· What does it mean that the bowhead whale is a baleen whale?
· How did the bowhead whale adapt to life in extreme cold, surrounded by ice?
· What does the bowhead whale eat?

The bowhead whale belongs to the order cetaceans. Let the students find other species also belonging to this order.
Explain or refresh the concept niche.

The humpback whale – the most complex song in the animal kingdom
The humpback whale breeds in the Caribbean in winter. Let the students find the Caribbean on a map and trace the 6000 km long journey to the Disko Bay. Talk about what breeding means.

After reading the text they are to work with these questions:
· The trip from the Caribbean to Greenland is around 6,000 km. How long does that take for the humpback whale?
· Why does the humpback whale swim all the long way to Greenland?
· When does the humpback whale sing its song?

The song of the humpback whale consists of several verses, usually six, song in a specific order. Let the students search the Internet for humpback whale sound.
Refresh how to calculate speed.

The narwhal – unicorn of the Ice Sea
The narwhal has the longest tusk in the animal kingdom, 2-3 m long and weighing up to 10 kg. The tusk is highly sensitive and has 10 million nerve fibres. Normally only seen in the male.
Explain or refresh the nervous system.

After reading the text the students are to work with these questions:
· What is the continental shelf?
· Which other animals have tusks too?
· Is the narwhal a mammal?

Reflections and further work
Hold a review in class where the students reveal what made them wonder, and what topics they found most interesting.
Let them choose a topic to study more closely. Ask them to give reasons for why and what they want to look into.

Show the chosen topics on the board/screen and introduce them. Let the students work in groups or pairs with their subjects. Some might prefer to work alone.

Their products can be presented as a book or a comic strip. Suitable digital formats are Book Creator and Pixton.

Colophon
The teaching material for the book The abundant life of the Icefjord has been developed for the Icefjord Centre in Ilulissat by Lotte Brinkmann and Daniella Maria Manuel, Anholt Læringsværksted.
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The texts, assignments and pictures can be shared, reproduced and adapted, with the proviso that “The abundant life of the Icefjord by the Icefjord Centre Ilulissat” is credited as the source.
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