PAGE  
6

[image: image5.wmf][image: image6.wmf]   STEM 



 

Penguin Activities
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Penguin Adaptations

(Adapted from Gulf of Maine Aquarium)

Penguins are designed for life in the sea. Some species spend as much as 75% of their lives in the water. (They lay their eggs and raise their chicks on land.) Heavy, solid bones act like a diver's weight belt, allowing them to stay underwater. Their wings, shaped like flippers, help them "fly" underwater at speeds up to 15 mph. A streamlined body, paddle-like feet, insulating blubber, and watertight feathers all add to their efficiency and comfort underwater. They also have a remarkable deep-diving ability.

In addition to blubber for insulating warmth, penguins have stiff, tightly packed feathers (up to 70 per sq. in.) that overlap to provide waterproofing. They coat their feathers with oil from a gland near the tail to increase impermeability. Black and white counter-shading makes them nearly invisible to predators from above and below.

Like most birds, penguins have little or no sense of smell (a boon for those in a crowded penguin rookery!) Like other birds, their sense of taste is also limited. Their vision appears to be better when they are underwater. Scientists suspect they may be nearsighted on land. Penguins are considered to be the most social of birds. Rookeries may contain thousands of individuals. (As many as 24 million penguins visit the Antarctic continent!) Even at sea, they tend to swim and feed in groups. 

Most species of penguins build nests, but the nests may consist only of a pile of rocks or scrapings or hollows in the dirt. Emperor penguins build no nests; they hold the egg on top of their feet under a loose fold of skin called the brood patch.

Make an animal suited for Antarctica. 
1. Brainstorm ways in which penguins are well-adapted to cold water and icy environments. 

2. Flying birds need a large wingspan to hold them in the air, but small wings work best for birds swimming through the water. Demonstrate this with a plastic fan. First, try to push a fully opened plastic fan through a pan of water. It doesn't push very well. Now close the fan until its about 1/3 the width as previously and see how well it pushes through the water. Try different angles of both sizes to get a sense of both forward (pushing) and backward (pulling) motions.
3. Most birds have hollow bones to make their bodies light enough to become air-borne. But the penguins' heavy, solid bones help them float lower in the water. Floating lower has several advantages. Most important is it allows them to dive deeper, faster when finding food and it keeps them in the insulating “warmth” of the water. You can demonstrate the difference between hollow bones and solid bones with plastic pipe. One piece of plastic PVC pipe can be capped or taped at each end and left hollow, the other can be filled with sand or clay and capped. Demonstrate each of the pipes’ floating capabilities. 
4. To prove the point from above that a heavier bird can dive faster, float an empty tuna or sardine can in a bucket of water open end up. It floats high in the water like flying aquatic birds (ducks, for example). Add clay to another can until it sinks slightly. Now push down on both cans. The heavier container is easier to push down into the water. In this way, it is easier for a penguin to dive into the water.
5. The insulating ability of blubber is yet another important adaptation. Discuss how quickly our bodies are chilled in cold water. What do we do to stay warm? (move around, wear insulating wetsuits, get out of the water).  Ask students to list ways in which animals are able to stay warm in cold water (blubber, air in feathers, oil on fur, low surface area to volume ratio). Have the students cover one hand with a plastic bag. Put a generous amount of solid shortening into another bag. Have the student put the plastic-covered hand into the bag with the shortening. Knead the shortening to make sure the hand is completely surrounded by shortening. Wrap duct tape around the portion of the bag covering your wrist to seal the bag (optional). Cover the other hand with two plastic bags (without shortening). This is the "control."  Place both hands simultaneously into a bucket of cold water.  Have a student time how long each hand remains underwater. Whales, Weddell seals, and penguins all have blubber. Discuss how the solid shortening is like the blubber that these Antarctic animals have. Discuss what other advantages blubber gives marine animals besides warmth. (buoyancy) Remove the bags from the students' hands and seal the bags so water won't get in. Attach weights to the outer bag of each "glove." Put the bags into the bucket of water. How much weight can each bag hold before it sinks to the bottom of the bucket?

Penguin Mapping Activities
(Adapted from Information from: http://www.adelie.pwp.blueyonder.co.uk/)
Part 1. Where do they live?
Mapping the locations of Penguin populations within the Southern Hemisphere

Part 2. Feeding Behaviors

Map the movements of Adelie Penguins as they hunt for food during nesting season. By comparing ice types and coverage of a 5 year period try to understand the impacts of sea ice loss on feeding behavior.

Part 3. Migration

Penguins are the only birds that migrate by swimming. Trace the migration routes of the Rockhopper and Magellanic penguins on a chart of the globe. They may migrate to the west coast of South America to Tetas Point in northern Chile or up the east coast of South America, past Argentina as far north as Rio de Janeiro in Brazil. Draw their routes on a map of South America and estimate the distance they have traveled.
Part 1. Penguins by Habitat

All 17 species of penguins live south of the equator. Penguins live along the western and southern coasts of South America, the tip of Africa, southern Australia, New Zealand, and all around Antarctica. One species, the Galapagos penguin, lives on the equator in the path of the cold Peru Current. Seven kinds of penguins visit Antarctica, but only two species, the Adelie and Emperor penguins, breed exclusively on the Antarctic continent. Using the “Penguins by Habitat” information provided below and the attached map, devise a symbol for each type of penguin and map at least 10 of the penguin types. You can use the smaller maps to find basic topographic features such as rock outcrops or fast ice. (For ice definitions see packet)
Emperor - Emperors breed on the fast ice (and on two or three land based sites) all round the Antarctic continent

King - King penguins breed in large colonies on many sub-Antarctic islands. Currently there are more than 80 known colonies. Notable colonies are on Crozet Island, Prince Edward Island, Kerguelen Island, South Georgia and Macquarie Island. The total breeding population is estimated to be well over 1,000,000 pairs.

Adelie - Adelie penguins breed on exposed rock all round the Antarctic continent. There are reported to be 177 separate sites comprising some 1,030 colonies.

Chinstrap - Chinstraps breed on sub-Antarctic islands and on the Antarctic Peninsula. There are some 780 known chinstrap colonies.

Gentoo - Gentoos breed on many sub-Antarctic Islands. The main colonies are on the Falkland Islands, South Georgia and Kerguelen Islands; smaller populations are found on Macquarie Island, Heard Islands, South Shetland Islands and the Antarctic Peninsula. The total breeding population is estimated to be over 300,000 pairs.

Macaroni - Macaroni penguins breed on sub-Antarctic Islands south of the Americas and Africa. Large populations can be found on South Georgia, Crozet Island, Kerguelen Island, Heard Island and McDonald Island. The total breeding population is estimated to be 6,000,000 pairs.

Royal - Royal penguins breed only on Macquarie Island. The total breeding population is estimated to be 75,000 to 160,000 pairs and is decreasing, 

Erect-Crested - Erect-crested penguins breed on 2 sub-Antarctic Islands south of New Zealand, the Antipodes and Bounty Islands. Estimates of the total breeding population suggest 115,000 pairs on the Bounty Islands and 50 - 60,000 pairs on the Antipodes.  The population is believed to be declining.

Fiordland - Fiordland penguins breed on the south west coast of South Island, New Zealand and on Stewart Island. Current eestimates of the total breeding population suggest there are between be 2,500 to 3,000 pairs.  The population is believed to be declining.

Snares - Snares penguins only breed on Snares Island to the south of New Zealand. Currently the breeding population is estimated at 23,350 pairs. The population is believed to be stable.

Rockhopper - Rockhoppers breed on more or less every Sub-antarctic Island. There are major colonies on the Falkland Islands (E. c. chrysocome - dark blue dots on the map), Macquarie Island (E. c. filholi red dots on the map), Marion and Prince Edward Islands and Kerguelen Island. E. c. moseleyi (pink dots on the map) breed in smaller colonies on Tristan da Cunha, Gough and Amsterdam Islands.

African - breed on the coast of South Africa and Namibia and on off shore islands. The total breeding population in 2004 was estimated as 58,636 pairs. Currently the population is declining slowly. In 2005, the population on the most Easterly islands (around Port Elizabeth) fell dramatically, probably as a result of the construction of a new ore terminal near the islands.  We hope the population will soon recover once construction is complete.

Humboldt - Humboldt penguins breed on the west coast of South America and on off shore islands extending north well into the tropics. The total breeding population is estimated to be less than 3,000 pairs. The population has been declining rapidly in the last few years.
Magellenic - Magellanic penguins breed on the east and western coasts of Chile and Argentina in South America, and on off shore islands and in the Falkland Islands. The total population is estimated to at more than 1,000,000 breeding pairs.  The population at present seem stable.

Galapagos - Galapagos penguins breed on the Galapagos Islands on the equator (and on the north coast of Isabela Island just north of the equator!). There are no accurate population censuses available, the breeding population is estimated to be around 1,000 pairs and is believed to be declining.

Yellow-eyed - Yellow-eyed penguins breed on the East coast of New Zealand's South Island and on sub-Antarctic Islands to the south of New Zealand, notably Enderby Island in the Auckland Islands. There are only three available estimates of the total population these vary from 4,000 to 6,200 individual birds which would approximate to 1,200 to 2,000 breeding pairs.

Little - Little penguins breed on the coasts of Southern Australia and Tasmania as well as in New Zealand and the Chatham Islands East of New Zealand. The total breeding population is uncertain but is estimated to be between 250,000 and 400,000 breeding pairs
Questions:
1. Which islands have the greatest diversity of species?

2. A) Which penguin species appear to be more densely congregated? B) Which are more solitary
3. Where might crowding be a problem?
4. Which species are most cold tolerant

5. What other questions arise from the species distribution that you see?

Part 2. Penguin Feeding Behaviour: Impacts of Sea Ice Change

(Adapted from Information provided in: Penguin Preferences Activity - http://tea.armadaproject.org/activity/wille)
Background

Adelie Penguins are the most heavily studied species of penguin on the Antarctic Continent. This activity allows students to plot the feeding grounds of a group of penguins that were satellite monitored over an entire breeding cycle and compare site choices over a number of years. 70,000 Adelie penguins arrive at Cape Bird and Cape Royds on Ross Island Antarctica in November of each year. In 3 short months, they must attract a mate, build a nest, incubate their eggs, feed their chicks and raise them. All this must be completed by early February before the return of the Antarctic winter. After incubating the eggs for about 22 days, the parents struggle to keep the growing chicks fed. To obtain food, parent penguins take turns going to sea on feeding trips for 1 to 5 days at a time. Satellite pictures showing ice cover in the Ross Sea near Cape Bird and Cape Royds showing sea ice extent over a 5 year period and a list of spots where the penguins were tracked are provided. Your job is to determine where the Cape Royds and Cape Bird colonies traveled and why. For best results, do the activity first and then answer the questions. Follow this up with reading the background articles provided to get confirmation or clarification of your conclusions.

First, you may want to orient yourself by finding the Ross Sea on the black Antarctic map in your packet. Next, compare the close up satellite map of Ross Island showing the location of Cape Bird and Cape Royds to the three smaller satellite maps of Cape Bird and Cape Royd for 1995, 1999, 2000. Plot the location of the two Capes on these three smaller maps (hint: look for the Cape Bird formation that looks like a finger poking up). This is basically where the two Adelie colonies are starting from (thus giving the colonies their names: Cape Bird and Cape Royds) when nesting in order to get food for their chicks. Satellite telemetry was used to track the birds (each number represents a bird that wore a tracking device for the duration of the season).  Devise a symbol or color for the Cape Bird colony birds and another for the Cape Royd colony birds and plot their feeding location on the appropriate satellite map. This will give you feeding locations for the two colonies for three separate years so that you can correlate ice cover and distance to feeding.
Bird #

Latitude and Longitude

Starting Point
1995

21 77S     166E



Cape Bird
22 77S     165E



Cape Bird
23 77.2S  166E



Cape Bird
24 76.8S  167E



Cape Bird
25 77.5S   167.5E


Cape Bird
26 78.2S   164E



Cape Royds
27 77.5S   165E



Cape Royds
28 78.5S   166E



Cape Royds
Bird #

Latitude and Longitude

Starting Point

1999



1

76.5S   163E                                 Cape Bird


2

77.8S   164E



Cape Bird



3

77S      163E



Cape Bird



4

75S
 165E



Cape Bird



5

75.8S
 166E



Cape Bird



6

75S
 165E



Cape Bird



7

75S      164E



Cape Bird



8

77.5S   164.5E


Cape Royds


9

75.9S   163E



Cape Royds


10

79S      164.9E


Cape Royds
2000


11

77.2S
   163E


Cape Bird



12

77.8S     164E


Cape Bird



13

75.8S     164E


Cape Bird



14

76S        163E


Cape Bird



15

76.5S     164E


Cape Bird



16

77S        164E


Cape Bird



17

78.5S     166E


Cape Royds


18

78.6S     167E


Cape Royds


19

78.3S     164E


Cape Royds


20

78.5S     164E


Cape Royds
1. Which of the years has the greatest sea ice coverage? Which has the least?
2. Do the Adelie penguins appear to feed in open water, pack ice, ice shelf or fast ice (refer to sea ice definitions sheet).

3. Which of the two colonies seem to travel farther for feeding, those on Cape Bird or those on Cape Royd?

4. Penguin chicks can only survive a limited amount of time without food in cold temperatures. The adults may take anywhere from a day to several days before returning from a feeding trip. What would happen if the ice location and/or prey abundance requires a five to seven day trip? 
5. Compare the distances which penguins must travel over open water to reach the ice on the continent’s shore from 2000 with those from 1995. What is the difference? Why might this be important to the penguins?

6. Consider the food web of the Antarctic marine ecosystem and read the sheet on the Adelie diet. Explain how the presence of ice is related to the food web. Why do the penguins depend on the ice?
Follow up information 
Ross Island Antarctica is the summer home to many hundreds of thousands of Adelie penguins. The three primary nesting colonies vary greatly in size. Cape Crozier is the largest colony, with over 100,000 nesting pairs. Cape Bird has 50,000 pairs, and the smallest colony, Cape Royds, 4,000 pairs. Each colony's nesting success depends, in part, on the ice conditions during the year. In cold years, extensive fast ice may impede or prevent the penguins from reaching the nesting grounds on time. Delayed arrival and egg laying means that chicks may not have time to develop before winter arrives. In warm years, the lack of sea ice can be a problem for the Adelie. As students will find in this activity, Adelie prefer the ice covered areas over open water. Feeding primarily on krill they are not fast swimmers so rely on the fact that krill feed on microorganisms under sea ice. Therefore it is easier for them to feed under the ice than in the open sea. If the penguins must travel extensive distances (several days) to find fast ice, energy expenditure may be greater than the energy value of the food obtained. Such conditions bode poorly for the colony's nesting success. Long term changes in the distribution of sea ice in the Antarctic region will have profound effects on the continent's penguin populations. Dramatic declines in Adelie penguin populations have been documented in the northerly Palmer Peninsula area. These declines appear to be associated with the decreased ice and warmer temperatures. Meanwhile, Adelie populations in the Ross Island area are on the increase, as areas that were once frozen in with ice, are now near open sea water.
EXTENSION: Follow up by reading the introduction to the “A Cooperative Classroom” Lesson and the National Geographic Article, “Ice Buildup Hampers Penguin Breeding in Antarctica”. Does your mapping show the dilemma that the Adelie penguins have as sea ice changes? The Cooperative Classroom lesson is a good one for middle and high school over an extended class time.
Part 3. Rockhopper and Magellanic Penguin Migration

(www.falklands-nature.demon.co.uk/penguins/falklands.html)

Dr. Klemens Putz of the Antarctic Research Trust has spent his academic career studying Penguins. He started his career working with Emperor and King Penguins and, more recently, the Magellanic and Rockhopper Penguins. You will find some of his published papers in the resource list below. This activity gives a first hand look at how Penguins are monitored and tracked and is followed by questions to help analyze the data in the same ways that Dr Putz and his colleagues would. In the excerpt copied below, he reports on the results of a Satellite Tracking Study of the Winter Migration of Magellanic and Rockhopper Penguins breeding in the Falkland Islands. This study forms part of an overall plan to gain more information about the Falklands offshore ecosystem, a particularly important priority in view of current hydrocarbon exploration and exploitation activities. 
The Rockhopper Penguin is the smallest Falkland penguin. The Falkland Islands hold a significant proportion of the world population (210,418 pairs). This is one of the world’s most important locations for this species, which is internationally rated as vulnerable by BirdLife International. It occurs elsewhere only on islands off Tierra del Fuego. Numbers have seriously declined over the past 75 years, and since 2000 have dropped by 88,000 pairs. Rockhoppers breed in 35 colonies, but 70% of the birds are at three major sites: Beauchene, Steeple and Grand Jason islands. Rockhopper penguins feed primarily on krill, and less frequently on squid and small fish.

The Magellanic Penguin is a summer visitor to the Falkland Islands. It is found all around the coastline where ground is suitable for burrowing, particularly in areas of tussac or where tussac previously grew. No accurate survey has been undertaken but numbers are estimated to be about 100,000 pairs, probably less than 10% of the world population. They are not thought to be under any particular threat though are susceptible to disturbance when nesting, to flooding of burrows and pollution at sea. Magellanic Penguins arrive in the Falklands in early September and leave about mid-April. Magellanic Penguins feed mainly on squid and krill.
A pilot study was initiated in late 1997 to study the winter migrations of Magellanic and Rockhopper Penguins breeding in the Falkland Islands. Fifteen Penguins were tagged at the beginning of the Winter of 1998. At the end of March 1998, ten Magellanic and five Rockhopper Penguins were successfully equipped at the end of their moult with satellite transmitters (platform transmitter terminals, PTT's) at Seal Bay in the north-east of the Falklands, using the method described by Wilson et al. (1997). The PTT's were programmed to transmit for eight hours only every three days and included a saltwater switch to suppress transmission while underwater.

The data collected was analyzed with respect to migration routes, traveling speeds and the overall performance of the trip. Values calculated for traveling speed are minimum values as they are based on the assumption that the penguins move in a straight line between two locations. Furthermore, the analysis of the quantity and quality of the locations revealed relationships between time of day and activity of the birds.

During the migration of the birds, all PTT's stopped transmitting after different time periods. Locations were received for periods of between 15 and 99 days from Magellanic and for periods of between 54 and 111 days from Rockhopper Penguins. The failures are most likely to be linked to a detachment of the devices rather than being due to other reasons such as predators or starvation. However, one Magellanic Penguin was found dead on the beach near Puerto Madryn, Argentina, and the PTT was recovered.
Listed below are the latitude and longitude readings for the routes of three sets of tagged penguins each from the Rockhopper and Magellanic Penguin families. Do a separate map for the two different penguin families by plotting the routes of each Penguin using a separate symbol for each and connect the dots to trace the route they took. When you have two maps, one for the Rockhoppers and one for the Magellanic, answer the questions below. Then follow up by reading the conclusions drawn by the research scientists in the attached reports to see how your analysis matches up, extra articles are provided in this packet if you want further reading on the subject.
Tagged Rockhopper Penguins


RH#1




RH#2




RH#3
	South Latitude
	West Longitude
	South Latitude
	West Longitude
	South Latitude
	West Longitude

	-51.4
	-58.5
	-51.4
	-58
	-51.3
	-58.5

	-51

	-58.5
	-50.9
	-58.2
	-50.8
	-59

	-50.8

	-59
	-51.4
	-59
	-50.5
	-59.5

	-50.8
	-59.5
	-51.2
	-59.5
	-50.4
	-59.9

	-50.6
	-59.5
	-51.3
	-60
	-50.1
	-61.9

	-50.2
	-59
	-51.2
	-60.5
	-49.7
	-63

	-49.2
	-61
	-50.6
	-63
	-49.5
	-64.5

	-47.5
	-61.5
	-49.2
	-65.9
	-49.2
	-65.5

	-46.5
	-59.9
	-49.1
	-67
	-48.5
	-65.9

	-48
	-61.2
	-49
	-67.2
	-48.4
	-65.9

	-48.6
	-62.5
	-48.9
	-66.5
	-48.3
	-65.8

	-49.6
	-63
	-48.6
	-66
	-48.4
	-65.7

	-50.3
	-63
	-48.3
	-65.9
	-48.6
	-65.5

	-50.5
	-63
	-48.5
	-64.9
	-48.7
	-65.9

	-50.6
	-63
	-49.5
	-62.5
	-48.5
	-65

	-50.7
	-62.9
	-50.9
	-58.2
	-48.5
	-65.3

	-49.5
	-64.5
	-51.4
	-59
	-47.8
	-65

	-48.8
	-64.6
	
	
	-46.9
	-64.9

	-47.8
	-63.9
	
	
	-48.3
	-64.5

	-46.6
	-63.9
	
	
	-49.1
	-62.5

	-47.5
	-62
	
	
	
	

	-48.9
	-60.9
	
	
	
	

	-48.7
	-60
	
	
	
	

	-48.5
	-59.9
	
	
	
	


Tagged Magellanic Penguins



M#1



M#2




M#3

	South Latitude
	West Longitude
	South Latitude
	West Longitude
	South Latitude
	West Longitude

	-52.5
	-58
	-51.5
	-58
	-51.2
	-58

	-51.5
	-59
	-50.5
	-58
	-49.8
	-59.8

	-49.2
	-60.5
	-48.5
	-60
	-48.5
	-61.5

	-47
	-62.5
	-46
	-61
	-47.9
	-61.9

	-45.5
	-63.2
	-44.1
	-61
	-47
	-62.2

	-44.5
	-63
	-43.2
	-61
	-46.2
	-63

	-44.1
	-61.9
	-42.9
	-61
	-45.9
	-63

	-43.9
	-61
	-41
	-60
	-44.9
	-64.2

	-43.5
	-61
	-40.5
	-60
	-43.9
	-64.2

	-43.5
	-61.5
	-39.8
	-59.2
	-43.2
	-63.9

	-42.9
	-60
	-39
	-57
	-42.8
	-62.2

	-41.8
	-59.5
	-37.9
	-56.2
	-42.2
	-61

	-41.4
	-59
	-36.8
	-55
	-41.5
	-60

	-41.2
	-58.5
	-36.2
	-55
	-40.8
	-59.5

	-41
	-58
	-36
	-54.5
	-39.8
	-59

	-40.5
	-57.5
	-35.5
	-54.2
	-38.9
	-58

	-39.5
	-57
	-35.2
	-54
	-38.2
	-56.5

	
	
	
	
	-37
	-55

	
	
	
	
	-36.5
	-54.5

	
	
	
	
	-35.9
	-53.9

	
	
	
	
	-35.2
	-53.9

	
	
	
	
	-35.2
	-54.2

	
	
	
	
	-35.5
	-54.2

	
	
	
	
	-35.8
	-54.8

	
	
	
	
	-36
	-55


Questions:

1) Which Magellanic and which Rockhopper Penguin traveled farthest away?  Which penguin species migrates farthest? Which species travels closer to shore?
2) Based on the information provided in the introduction about transmission times, that they transmit once every three days and assuming that each dot represent once transmittal,  try to determine which species travels at faster speeds.

3) Circle the area on each map where you might surmise a good source of krill and squid were found. Which areas represent poorer feeding? 

4) Studies show that krill and squid are most abundant along the Patagonian Shelf (where the Antarctic Countercurrent and Brazil current collide) Where on your map do you think the shelf is approximately?
5) Which species stayed closest to home (the starting point)

6) What sorts of hazards might you expect the two species to encounter along the path of their migration?

Results of Dr.Putz’ study:

All Magellanic Penguins initially headed north-west swimming either offshore over the Patagonian Shelf or in coastal waters of the South American continent. The birds migrating offshore typically had higher traveling speeds than those swimming inshore. The Magellanic Penguins finally reached an area around 35S, 54W, more than 1,800km (1,125 miles) away from the colony, where they stayed for some time before transmissions stopped. Another bird remained for several weeks in an area at 42S, 60W, about 1,000 km (625 miles) north of the breeding site. The highest total distance traveled for a single bird was calculated to be 2,661km (1663 miles) within a time period of 75 days. The movements of the Rockhopper Penguins did not follow such a clear pattern. At least three birds traveled in a more westerly direction compared to that of Magellanic Penguins and stayed for some time close to the mainland at about 48S, 65W before returning to the Islands during which time the signals stopped. The highest distance to the colony was calculated to be less than 700km (437 miles) for these birds. Two Rockhopper Penguins stayed to the north of their colony, one bird close inshore, even returning several times to the colony. The other penguin remained offshore and traveled a total distance of 2,119 km (1,324 miles) within 75 days. The different performance of the winter foraging trips in the two species is further reflected in the individual travelling speeds. On average, the Magellanic Penguins traveled at about 35km/day (22miles/day) nearly twice as fast as the Rockhopper Penguins with average speeds of some 20km/day (12 miles/day). In contrast to this, the highest speeds calculated did not differ between the two species. The results of this pilot study provide for the first time highly valuable insights into the winter foraging patterns and migrations of Magellanic and Rockhopper Penguins breeding in the Falkland Islands. It could be shown that there is a clear potential for both species to be impacted by activities in the northern tranche areas licensed for exploration of oil. Consideration of how to limit any such impact will now have to be addressed. It has also provided us with a more precise picture of the areas of the Patagonian Shelf on which these species depend during winter. Greater knowledge of the role these areas play in the life of Falkland penguins through the collection of additional data is an important priority and will be a focus of future work for the Tagging Project.

Resources
(see Teachers Guide for more complete listing)

Maps of Antarctica, www.south-pole.com/map.htm, www.worldatlas.com/webimage/countrys/an.htm
Background on Antarctica and Latest Research:  Australia Antarctic Division - http://www.aad.gov.au/default.asp, Protecting the Wildlife of the Falkland Islands - http://www.falklandsconservation.com/index.html, U.S. Antarctic Program - http://www.usap.gov, British Antarctic Survey - http://www.antarctica.ac.uk/
Background on Penguins: International Penguin Conservation Work Group - http://www.penguins.cl/penguins-intro.htm, Penguin Migration Research  - http://mesh.biology.washington.edu/penguinProject/ , Sea World - http://www.seaworld.org/animal-info/info-books/penguin/index.htm, Penguin Science - http://www.penguinscience.com/education/royds_nestcheck.php,  Amateur Penguin Info Site - http://www.adelie.pwp.blueyonder.co.uk/
Penguin Preference Activity – TEA- Armada Project - http://tea.armadaproject.org/activity/wille
Winter dispersal of Rockhopper penguins Eudyptes chrysocome from the Falkland Islands

and its implications for conservation, Klemens Pütz, Rebecca J. Ingham, Jeremy G. Smith, Bernhard H. Lüthi, Marine Ecology Progress Series, Vol. 240: 273–284, 2002
Winter migration of magellanic penguins (Spheniscus magellanicus) from the southernmost

distributional range. Klemens Pütz,  Adrian Schiavini, Andrea Raya Rey, Benno H. Lüthi. Marine Biology, 2007, 152:1227–1235.

Satellite Tracking of Magellanic Penguin Migration. David L. Stokes and P. Dee Boersma, Lloyd S. Davis. 1998. The Condor, the Cooper Ornithological Society. 100:376-381.

“A Cooperative Classroom”, Juanita Constible, Luke Sandro, Richard E. Lee Jr., The Science Teacher, September 2007.
Penguin Adaptations, Gulf of Maine Research Institute, http://www.gmri.org/
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