LECTURE NOTES -- DISCUSSION QUESTIONS



One way to organize class discussion for this unit is to show 30 - 45 minutes of Winged Migration and assign, as homework, the Migration Student Handout. The lecture is constructed by asking the class the discussion questions set out below. Points to be covered in the discussion and references to audio visual aids, provided by TWM or available from the Internet, are set out in green italics after the question. Many of these discussion questions or variants of them will be repeated in the comprehension tests. 

These notes are designed to be modified by teachers to suit their own style of presentation. 
1.  What do we mean by "migration"? 

The periodic movement of part or all of an animal species between biomes to gain access to better food in nesting season and safer nests. 

2.  What are some other meanings of the word migration? 

-- migration of anaerobic bacteria away from highly oxygenated water; 

-- nonrandom movement of an atom or radical from one place to another within a molecule. 

Teacher comment: In the Northeast United States and Canada, a custom has arisen whereby some retired people spend summers in the North and winters in the Southeastern United States, particularly Florida. They are referred to as "snow birds". This is probably not true biome migration because it has nothing to do with procreation or food sources and the animals that migrate are not compelled to do so by instinct. 

3.  What advantage do birds gain by migrating to the Arctic for the summer breeding season? 

(1) They take advantage of explosion of food in the summer in the north. 

(2) They fly back to the south in winter when food in the south is best. 

(3) There are fewer predators in north during the breeding season; their young are safer in the nests. 

4.  In the summer, Emperor penguins live and feed in Antarctic ocean waters. In the Antarctic fall, March and April, they go onto the pack ice to pair up and to breed. The mother lays the egg which the father (still at the breeding ground on the pack ice) incubates in a special insulated pouch. This takes most of the Arctic winter. Penguins eat fish and other animals found in the ocean. There is no food for them on the pack ice. After the mother lays the egg, she returns to the ocean to feed. When the egg hatches, the mother travels back over the pack ice to feed the chick with food regurgitated from her stomach. By that time the father will have been without food for about four months. The mother then takes responsibility for the chick while the starving father returns to the sea. He comes back to the breeding ground with a stomach full of food for the chick. The parents then take turns going back and forth from the breeding ground on the pack ice to the ocean, bringing food for the chick. This continues until the summer (December or January) when the chick is old enough to fend for itself. Certainly, the ocean and the pack ice are different biomes. Do Emperor penguins engage in classic biome migration? 

No. Emperor penguins do not breed and hatch their eggs during the spring and summer in which they take advantage of the food provided by the explosion of life that occurs when temperatures warm. They reproduce in the fall and winter in some of the harshest conditions on Earth. See March of the Penguins.

5.  What does the Sun have to do with migration? 

Seasonal change causes migration 

Seasons caused by tilt of Earth's axis ---> rays more direct in summer than in winter, stronger. 

6.  Name two physical features of birds that allow them to fly. 

There are three: 

Feathers allow birds to control the flow of air over their bodies. 

Hollow bones make birds light. 

Magnetic crystals, probably in their brains, act like a compass. 

7.  What is taxonomy and what is its purpose? 

the classification of organisms to show relationships between them. 

8.  What is the taxonomy for birds? 

They are a class -- Kingdom: Animalia ---> Phylum: Cordata ---> Subphylum: Vertebrata ---> Class: Aves (birds) --->; below them are orders, families, genera, and species. Diagram: Taxonomy for the Class Aves (Birds). 

Summarize the taxonomy of birds: They are animals who have spinal columns located within vertebrae, have feathers, and hollow bones and who fly.

9.  What is the taxonomy for the Ruby-throated Hummingbird? 

It is: 


Kingdom: Animalia ---> Phylum: Cordata ---> Subphylum: Vertebrata ---> Class: Aves (birds) ---> Order: Apodiformes (hummingbirds and swifts) ---> Family: Trochilidae (hummingbirds) ---> Genus: Archilocus (ruby-throated hummingbirds) ---> Species: Archilocus Colubris (Ruby-throated Hummingbird) -- use also TWM's taxonomy for the Ruby-throated Hummingbird 

10.  Name two things that every traveler needs in order to find a destination and describe their purpose. 

A map to show the traveler where to go and a compass to indicate the direction of travel. When traveling thousands of miles, the calculation of route is complicated. Birds can do it. 

11.  Describe four of the sources of information that birds use to navigate. 

There are at least five:    (1) the Sun,    (2) the stars,    (3) the Earth's magnetic field;    (4) smell;    and (5) landmarks and topographical features. 

Use Migration Navigation Chart to help class visualize the answer. 

12.  How can migration of animals be a threat to human health? Give an example. 

Avian flu has infected migrating flocks of birds and they are spreading it across the globe. Check the latest news stories about this before the lecture. See also discussion of Avian Flu in Annotated version of the student handout. 

13.  Describe how ultralight aircraft can be used to reestablish migration patterns in bird populations? 

Baby birds imprint on planes and costumed people. They then follow the planes on a migration route. One migration north to south is all it usually takes. It is a complicated process to find a suitable ultimate destination and sage rest stops along the way. 

TEACHER COMMENT: Tell the story of Ninja, the cat, who returned to his home in Washington state in 1996; family moved to Utah, 850 mile journey; 

a cat named Sooty found his way back to his old home in England after being moved more than 100 miles away. Sources: Homing Instinct from PBS. 

14.  Do people have an ethical obligation to restore lost migratory flocks of birds? What is that obligation? 

In the discussion, try to get the students to reflect on what they personally believe about the obligation to protect nature. It might be from an obligation to "nature" or to God or to mankind (to preserve the environment for future generations). 
15.  Describe how a residential flock of birds can evolve into a migratory flock. 

This example is based on a resident population living in the northern hemisphere. Due to intraspecies competition for food, a part of the resident population begins to expand the range; if it finds abundant food at the northern terminus of the range, some of the population will have an advantage over those birds that do not move north. When they are far enough north so that the food supply dwindles in the winter, of the birds that moved north, those that go back to the home range in the winter, will enjoy better food there than those that stay in the new northern range. As the centuries pass, the continents may start to drift or the birds in the northern range simply go further and further north finding more food and better nesting grounds as they go. 

16.  Have a student draw a schematic of how the range would change in the evolution of a migratory flock of birds. You can also use TWM's Diagram: Model of the Evolution of Migratory Behavior in Birds.. 

17.  How do the migratory and residential flocks become different species? 

If the migratory flock and the residential flock become separated geographically then, eventually, they will develop into separate species. This is happening with Common Yellowthroat. Birds that breed in the most southern part of the species' range in Florida are largely non-migratory, whereas populations that breed as far north as Newfoundland migrate to the West Indies in the winter, well removed from the resident population in Florida. 

Other examples, the bonobos/chimps (divided by the Congo River) and squirrels divided by the Grand Canyon. When populations are separated, mutations occur over time and eventually different species evolve. 

18.  Define the term "flyway" and describe the major flyways in North America. 

route used regularly by many species of migrating flying animals such as birds, bats, or butterflies. --- like rivers with tributaries 

4 in North America: the Atlantic Flyway, the Mississippi Flyway, the Central Flyway and the Pacific Flyway. 

have a student trace the flyways. For visual of the North American Flyways, see Migration Flyways. 

A visual of the Asian-Australasian Flyway can be downloaded from the web site of the Australasian Waders Study Group. 

19.  Show students a map of the world and ask for volunteers to give two examples of funnels and to describe the geographic features that create them. 
Vera Cruz, Dardanelles/Bosphorus, Strait of Gibraltar, and Falsterbo. 
20.  Who can tell me the story of the Hawaiian Goose? 

Canada Geese blown off course stranded in Hawaii -- don't migrate - have now started to lose webbing on feet, in a few million years will be a different species -- 
Note that other birds flew over Hawaii, stopped their migration at that point, and now use it as their winter home. In the summer, go back to their breeding ground in the north. Examples are: The Northern Shoveler, Lesser Golden Plover or Kolea, Sanderling or Huma-Kai and the Northern Pintail 
21.  How does the "V" or squadron formation help birds to migrate? 

take advantage of the vortex generated by the flapping wings of the bird in front 

saves energy 

allows to see each other without its progress being impeded. 

TEACHER COMMENT: The U.S. Air Force in experiments with F-18 fighters has shown that there is a 20% reduction in fuel consumption when one plane flies within the vortex caused by the wing tip of another plane. See AFF: Autonomous Formation Flight is surpassing project's goals for a web site and a picture. Sources for information on the V formation include Natural Entrepreneur and Operation Migration - Our Story 



22.  What physiological changes usually occur in birds before they start their annual migrations? 

The birds gain weight, storing energy for the flight. 

23.  What is the most interesting migration that you have read or heard about? [Ask this question of a few students. Below are some possible examples from the materials]. 

There are many possibilities -- here are a few (all but the first two are on the comprehension test) 

Arctic Tern -- 22,000 miles a year 

Elephant Seal - two round trips a year 

Chinese Mitten Crabs migrate between three biomes. -- Fresh water, brackish water, and salt water. 

Segue from this example to "Who can tell me the taxonomy of the Chinese Mitten Crab?" -- use TWM's Chart of the Taxonomy of the Chinese Mitten Crab 

Chinese Mitten Crabs 

native to the Asian Pacific 

home range of Korea, China, Japan and the Russian Pacific coast. 

expanded through the release of bilge water from ships, in the early 20th century 

invaded Europe and later North America. 

damages local ecosystems, competed with local species -- burrows into embankments and clogs drainage systems. Source: Wikipedia Article on Chinese Mitten Crab. 

Pronghorn Antelope -- Only antelope --- only large land mammal to continue to migrate in the lower 48 states of the U.S. 

Caribou - migrating for more than 27,000 years between summer range in the tundra and winter range in the northern forests. Some caribou herds travel more than 1900 miles (5000 km) each way. 

European and North American Eels -- metamorphosis -- unusual in migration 

Sargasso Sea, (map at The Sargasso Sea - scroll down a bit 

eel eggs develop into transparent leaflike larvae. 

the then turn into glass eels -- photo in materials -- and begin to swim upstream in rivers. 

in the fresh water a metamorphosis occurs and the eels change into cylindrical, pigmented, bottom-dwellers (photo in materials) 

live for 10 to 15 years in fresh water eating insects, worms and small crustaceans. 

end of life, bodies change dramatically -- eyes start to grow and develop optimal vision for dim blue of the clear ocean water. The sides of their bodies turn silvery for camouflage during their long trip back to their spawning grounds. At this stage they are called silver eels. 

biomes inhabited by eels are salt water, fresh water, and brackish water. 

eels migrate out of the water -- crawl across wet grass and tunnel through wet sand for up to 30 miles to reach upstream headwaters and ponds 

Gray whales live only in the North Pacific Ocean. They migrate 10,000 to 14,000 miles between summer feeding grounds in the northern Bering Sea to winter calving lagoons off the coast of northern Mexico. 

Monarch butterflies fly up to 1800 (2900 km) miles from Ontario, Canada, to Mexico. 

Sea turtles migrate swimming thousands of miles -- longest reptile migration 

24.  What are the three types of human nomadism? 

hunter/gatherer, pastoral, and tinker/trader -- ask the person who lists to describe each one 

25.  Differences between biome migration and nomadism. 

migration: Change of biome vs. nomadism: usually one biome 

migration: from one location to another vs. nomadism: many changes of location 

migration: movement by season vs. nomadism: move when exhaust food or water 

migration: opportunistic -- looking for extra sources vs. nomadism: flees scarcity 

for visual learners show them TWM chart on Migration 

26.  What does inverse mean? 

"reversed in order, nature or effect." 

mathematics: -2 is the additive inverse of 2, because their sum is zero. 1/4 is the multiplicative inverse of 4, because their product is 1. 

27.  How is inverse different than "opposite"? 

Inverse -- reversed only in some ways 

opposite is something "completely" different. 

Most things are inverse; very few are opposite. 

28.  What is the inverse of migration? What are similarities and differences between them? 

dormancy -- no travel between biomes for better food -- dormant organisms remain in their home range -- minimize energy use or loss of moisture. 

similarities: adaptive behavior -- allows animals to exist in areas in which they would not thrive during certain seasons. 

29.  Name a nomadic non-human organism. 

birds in Australia - large land mammals (probably - but like migratory in that their movements go with seasons; like nomadic in that they are in the same general area) 

30.  Compare movement of lemmings and locusts. 

inverse -- lemmings explode away from overpopulation, locusts implode back to home range from expansion in good years 

31.  What are the similarities and differences of the movements of locusts on the one hand and antelope, zebras and wildebeests on the plains of Africa on the other? 

similarities: both extend range in good times and contract to home range (water holes) in bad; both implode when conditions become adverse; 

differences: locusts is not annual, plains animals move each year; 

TEACHER COMMENT: Actions of large african plains mammals and lemmings actions are inverse. 

32.  Name the different types of dormancy and briefly describe them. 

(1) hibernation 

in cold or warm blooded vertebrates 

body temperature drops to near the temperature outside 

metabolism slows down dramatically 

a state close to death 

most frequently in smaller animals 

(2) torpor 

body temperature and metabolism drop but not as much as in hibernation; 

animal does not react to many stimuli 

usually lasts less than a day (but bears are an exception) 

(3) estivation -- a summer type of hibernation used to conserve water 

(4) diapause -- used mostly by insect pupae in which the development of the animal stops for a period of time 

33.  How can dormancy lead to the spread of disease among humans? Give an example. 

trichinosis and amoebic dysentery - describe how cysts are transmitted 

Note that mold uses a similar technique with its spores. 

34.  How do plants use a tactic that is like dormancy? 

seeds that start to grow when in the presence of moist soil. 

35.  Why aren't bears true hibernators? 

No big temperature drops; rouse every few days; some give birth and suckle young 

36.  Does an animal in true hibernation or torpor react to stimuli from the environment? 

No. They don't react - wood frog, bats, hummingbirds 

37.  What is the relationship between hibernation, torpor and sleep? 

Torpor is not as extreme as hibernation but more extreme than sleep. 

Some scientists view hibernation, torpor and sleep as different levels of a similar states that reduce awareness, slow metabolism and conserve energy. 

Others say sleep different. No dreaming in hibernation or torpor (not enough oxygen for brain -- brain still monitors temp etc.) 

38.  Describe how and why magnetotactic bacteria move. 

anaerobic -- oxygen corrosive (free radicals, fire) 

magnetosomes, geomagnetic north --> down, in southern hemisphere move opposite way 

not really nomadic, not really migratory - just movement 

Consider reading to the class or discussing the substance of this interesting excerpt: 

"We think of oxygen as vital to life, and it is, for us. But oxygen is also a very harsh, corrosive element, and living things have to be specially adapted to undo the harm it causes in order to be able to tolerate it for any length of time, much less to use it in metabolism. Many types of bacteria are not adapted to oxygen. Such bacteria would have been much more common when Earth was much younger, before some clever cell learned the trick of using light to rip carbon dioxide apart and eat it. Even now, when the oxygen by-product of photosynthesis has thoroughly polluted the atmosphere, many bacteria find places to hide away from it, in deep water or mud or under the soil. Such bacteria are called anaerobes." From Living Lodestones: Magnetotactic Bacteria by Cat Faber. 

39.  Are migration, nomadism and dormancy precise terms compared to other terms used in science? 

not precise 

does not follow pattern set by nature 

compares poorly to description of atoms in molecules 

40.  There is a fourth possibility -- other than biome migration, nomadism, dormancy. What is it? 

residency -- compare using TWM's Comparison Diagram. 

41.  How do these classifications help scientists? 

help form hypotheses about similar phenomena when they are observed. 
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