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  PREFACE

  THAT A SWAINSON’S HAW K, WEIGHING ABOUT 2 POUNDS, MIGRATES from its breeding site on the prairies of Saskatchewan to its wintering grounds in southern Argentina is amazing. That a Semipalmated Sandpiper, weighing only an ounce, migrates from the Canadian tundra to northern South Africa is even more difficult to comprehend. That a Ruby-throated Hummingbird, weighing only 1/6 ounce, can fly from its nesting area in a New Hampshire forest to its wintering grounds in Costa Rica is almost unbelievable.Yet these birds and thousands of others routinely undertake perilous and difficult journeys.The number of migrants involved cannot even be estimated. It is certainly in the billions!

  I am not alone in my amazement. Hundreds of scientists, millions of birdwatchers, and countless other people from around the world want to know more about the epic flights made by birds.Today we are lucky that technology and human interest in migration have provided us with a wealth of information about how and why birds migrate.

  This book is for those who are fascinated by the migration of birds. I hope to fill a gap in the literature that exists between technical and popular presentations. Popular accounts of migration often lack substance, which leaves the reader wanting more. At the other extreme, scientific accounts present information that is so detailed or so narrowly focused that the reader loses interest and never fully grasps the topic. Bridging the gap between popular and scientific writing is tricky, but it is the only way to provide enough information for the reader to truly appreciate and understand migration.

  To help people better understand how and why birds migrate, each chapter addresses a single aspect or component—the altitude of migration, flocking behavior, flight speed, orientation—isolated from other aspects of migration. Those readers who are familiar with my earlier volume, Flight Strategies of Migrating Hawks, will recognize parallels between that volume and this book.There are also some similarities between this book and Tom Alerstam’s book, Bird Migration; the major differences are that this book is nontechnical and does not focus on one taxonomic group of birds.

  Anyone who reads such magazines as National Geographic, Scientific American, Smithsonian, Natural History, Bird Watcher’s Digest, or Audubon should find this book readable. Most readers may have some knowledge about birds and migration, but even the novice birder should find much of interest.While presenting the relevant factual information about the birds, I have also attempted to show how scientists have studied migration and how difficult their field is.The case studies examine individual species or actual research projects conducted by migration researchers.

  Migration research has never been dominated by the work of one individual or a single institution. Instead, hundreds of different people working at hundreds of different places have contributed to our knowledge of migration. It is unfortunate that all of these researchers and institutions could not be acknowledged.The large number of people and institutions attests to the immensity of the field and the degree of interest on the part of researchers. With such a large number of people studying migration, we can look forward to many discoveries and much new information in the near future.

  This book attempts to provide a world view of migration, but it is, I admit, somewhat biased to migration in North America and Europe. Where possible, I have cited migration phenomena from Asia, South America, and elsewhere, but there is less information on migration outside of North America as well as a scarcity of good research from those areas.

  For those readers who wish to learn more about migration, I have included a section of resources at the end, with books that will give the reader more detailed information.

  If, when you have read this book, you come away with a feeling of excitement about migration and an awe for how birds migrate, I will have been successful.

  P. K.
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  The Reason Birds Migrate

  WHEREVER THERE ARE BIRDS, THERE IS MIGRATION. ARCTIC BIRDS migrate, as do tropical birds. So do birds that live in mountains, forests, prairies, deserts, islands, and just about any habitat you can imagine. Migration, that part of an animal’s life characterized by geographic movements, is an incredibly diverse behavior, an adaptation that has been shaped by natural selection.

  Those of us who live in temperate climates usually think of migration as the seasonal movement of birds during spring and fall to avoid harsh weather.This is only partly correct. Migration evolved as a way for birds to exploit resources that are seasonally abundant and avoid times when or places where resources are scarce or weather is very harsh. Many species can tolerate cold temperatures if food is plentiful; for this reason not every species does indeed migrate. Crows, for example, can survive a northern urban winter nicely on roadkill and the detritus of popcorn and burgers outside of our movie theaters and fast-food restaurants. But, when food is not available, bird species must migrate.

  In temperate and arctic regions of the Northern Hemisphere, food is typically abundant during a short growing season. During June and July, the Arctic is teeming with both terrestrial and aquatic insect life. It is during this time that many species of birds breed. Pectoral Sandpipers and other shorebirds that arrive on the tundra in early June rely on a flush of insects to accumulate energy and calcium for eggs as well as to feed their young. These same birds also migrate to other places when food is abundant—to the Bay of Fundy in autumn and the Delaware Bay during spring, for example.

  Many other birds, including raptors, egrets, waterfowl, loons, grebes, cranes, owls, and storks, migrate to northern latitudes to breed. Hundreds of species of songbirds travel to the northern forests of North America, Europe, and Asia to feast on the seasonal flush of insects. Scarlet Tanagers are an excellent example. Like the shorebirds, they spend only a portion of the year in the temperate zone. By October, many of these birds have left the northern forests for more southerly climes.

  Of course, a bird’s life in a northern summer is short. Scientists have been studying birds in their tropical and semitropical winter homes far more than they once did. Results can be surprising, too: in this “double life” that migrants lead, some of our most colorful birds such as the male Scarlet Tanager are drab; and birds that spend their entire lives in the south, such as the Clay-colored Robin, breed in the dry season instead of the damper, insect-rich spring in which the American (our redbreasted) Robin breeds.

  TYPES OF MIGRATION PATTERNS

  Most birds that inhabit temperate and arctic latitudes migrate according to one of three patterns: complete, partial, or irruptive.

  Complete Migration

  Many North American shorebirds, tanagers, warblers, vireos, orioles, hummingbirds, flycatchers, and thrushes are complete migrants.That is, virtually all members of the species leave their breeding range during the nonbreeding season. Most complete migrants breed in northern temperate and arctic areas of North America, Europe, and northern Asia. Only a few are known from South America, Africa, or Australia. Among the 285 or so species of hawks in the world, for example, complete migrations are limited to those that breed in the Northern Hemisphere, mostly north of 30 degrees north latitude; no diurnal raptors breeding in Africa and South America are complete migrants.Why the difference? In the Northern Hemisphere, there are significant landmasses north of 55 degrees latitude that can host hundreds of species of breeding birds, but there are almost no land masses in the Southern Hemisphere south of 55 degrees.

  The migration of Rough-legged Hawks is said to be complete because all individuals leave the breeding range.
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  Complete migrants may travel incredible distances, sometimes more than 15,000 miles (25,000 kilometers) per year.The wintering areas for most complete North American migrants are South and Central America, the Caribbean basin, and the southernmost United States. In Europe and Asia these species fly into Africa, southern Asia, and the Pacific basin. Many complete migrants cross the equator.

  The Eastern Wood Pewee and Swainson’s Hawk are complete migrants. Pewees breed in forests from southern Manitoba east to the southern Canadian Maritimes and south to the Gulf coast of the United States. In winter they all leave North America to winter in Central and South America. The Swainson’s Hawk is one of fewer than twenty species of hawks that undertake complete migrations. From their breeding range in western North America (from Alberta south into Arizona and Texas), they fly into Central and South America each autumn. A marvelous banding study by Stuart Houston, a physician from Saskatchewan who studies birds as an avocation, shows the migration pathway and wintering areas of Saskatchewan breeders. Houston has banded thousands of hawks during his many years of banding. Between the center of their breeding range in North America and the probable center of their wintering range, Swainson’s Hawks travel about 5,000 miles (8,000 kilometers) round-trip each year. Every winter only a few aberrant Swainson’s Hawks are found in the United States.

  Partial Migration

  By far the most common type of migration, partial migration is characterized by seasonal movements away from a breeding range by some, but not all, members of a species. There is, then, an overlap between nonbreeding and breeding ranges of the species. Like complete migrants, partial migrants take advantage of seasonally abundant food. Species like the Red-tailed Hawk and Herring Gull are partial migrants over much of their North American ranges. In eastern Canada, most members of these species migrate south for the winter, and only a few birds winter in the north.

  Most Song Sparrows migrate south for the winter, but some individuals remain in their breeding areas; the migration of this species is partial.
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  Bewick’s Wren is a good example of a North American partial migrant. These wrens are year-round residents from southern Illinois to the Gulf coast. East of the Mississippi their breeding range extends northward, into southern Wisconsin and Minnesota, but they are absent from this part of their range in winter. A South American analogue to this migration pattern is the White-rumped Swallow, which breeds in Uruguay, Paraguay, Bolivia, southern Brazil, and northern Argentina. During the austral winter (June to August),White-rumped Swallows are nearly absent from the pampas of Argentina and Uruguay, the southernmost portion of their breeding range.They move northward as far as Peru but are present yearround in Brazil, Bolivia, and much of the northern part of their range.

  Irruptive Migration

  Migrations that are not seasonally or geographically predictable are termed irruptive. Such migrations may occur one year but not again for many years.The distances and numbers of individuals involved are also less predictable than with complete or partial migrants. In some years irruptions (as irruptive migrations are called) can be over long distances and involve many individuals, or they can be short and involve only a few.The Great Gray Owl is an irruptive migrant, migrating southward only occasionally and in numbers that vary greatly. Before the winter of 1979–80, the birds rarely appeared in the northeastern United States, but during that winter more than a hundred were seen. How many lived to return to the northern forest is not known.

  Northern finches and crossbills are irruptive migrants. As with partial and complete migrants, their movements are adaptive.Without these adaptations, the future reproductive success—the evolutionary fitness of the individuals involved—would be at risk.

  Some scientists maintain that irruptive species are food specialists. For example, some northern finches in North America eat the seeds of only a few trees.When these seeds are not available, entire populations of finches leave the boreal forest to find food farther south. Similarly, such predators as the Northern Shrike depend on lemmings during the breeding season.When lemming populations crash, the shrikes make irruptive migrations into temperate areas.

  In some years, Red Crossbills migrate south; in others, they do not migrate at all. Migration that varies from year to year is said to be irruptive.
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  IMMIGRATION AND DISPERSAL

  Once birds migrate, some species engage in a second travel plan called “immigration” by researchers. They move around as subgroups within their own range. The effects of this shuffling of genes as they mate in “neighborhoods” can be at least as important as the adaptations a bird species makes to its broader territory. A case in point is the small bird called the Great Tit. In one English woods, arriving birds choose to live in either the northern or the eastern neighborhood of their territory. The largest birds head to the north, the smaller ones to the east. Since the areas are only a couple of miles apart, larger size is reinforced (because of larger parents bearing larger young) without it proceeding from any broader adaptation to food supply or any other factor.The Great Tit has been shown to exhibit immigration differences in Sweden also.

  Birds always generally disperse within their broad territory, of course, even without any neighborhood preferences by size. This divides up the food supply necessary to feed both the breeding pair and the young birds to come. It also reduces the spread of disease. In fact, when birds are kept close together, the way chickens and turkeys often are on farms and in outdoor markets, they not only infect each other but can make the human population sick with viruses such as the deadly one now known as “bird flu” (the H5N1 virus). Even wild migrant species, living more closely packed in their winter ranges, have been known to bring viruses north to other birds.Viruses, of course, can shift their genetics easily, making an illness “jump” to other bird species or to human populations.
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        Irruptive Migrants: Pine Siskin and Red-breasted Nuthatch

      
    

  

  RIGOROUS ANALYSIS AND USE OF NATIONAL AUDUBON SOCIETY’S Christmas Bird Count data have shown massive irruptions of several species that migrate from their breeding areas in the forests of Canada and the northern United States. Pine Siskins and Red-breasted Nuthatches are two such northern seedeaters that irrupt. In the case of Pine Siskins, the irruptions are thought to occur every other year, depending on the absence or abundance of the seeds they eat.The analyses of some species have shown that some winter irruptions are continentwide.■

  Variations

  To categorize a species as a complete or partial migrant is not always easy, since there is usually some variation in migratory behavior among individual birds. The Peregrine Falcon, for example, is a nearly cosmopolitan species, breeding on all continents except Antarctica. Some of its populations are complete migrants, others are partial migrants, and still others do not migrate. In North America, the tundra subspecies (Falco peregrinus tundrius) that breeds in arctic Canada, Alaska, and Greenland is completely migratory. All individuals leave the breeding range, and most migrate south of the United States. Peregrines that breed in the continental United States (Falco peregrinus anatum) are only partially migratory, with some individuals not migrating away from the breeding area at all. Finally, some tropical and subtropical peregrines do not migrate.This type of variation within a species is not unusual.
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        Rainy Season–Dry Season Migrants: Wahlberg's Eagle and Grasshopper Buzzard

      
    

  

  THE RAINY SEASON INAFRICA AND SOME OTHER CONTINENTS PROMPTS mass movements of many birds, including raptors. The migration of many African hawks, eagles, and falcons is timed to exploit food made seasonally abundant by rainfall. The Wahlberg’s Eagle migrates to the southern part of Africa to breed during the dry season and flies back north for the wet season, after breeding.The Grasshopper Buzzard does just about the opposite, breeding in the northern part of its range and migrating south to spend the dry season—October through March. These different migration strategies deserve extensive study. ■
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  MOST NORTH-SOUTH MIGRATIONS HAVE AN EAST-WEST COMPONENT, but some species may migrate farther east or west than north or south. The White-winged Scoter breeds in the area from Alaska east and southward to western Ontario, yet it is a regular migrant down the East Coast of the United States: it arrives there by flying almost due east. Other species that live in central North America also have a similar easterly component to their migration. ■
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  IN MANY SPECIES OF MIGRANTS, INDIVIDUALS FROM THE MOST NORTHERLY populations fly farther south than those from more southerly populations. Called leapfrog migration, this pattern is most common among species whose populations are spread over a wide range of latitude. Among Peregrine Falcons, for example, tundra-breeding birds fly to the Neotropics, and temperate breeders do not migrate or migrate only short to medium distances. A leapfrog pattern is also evident in the Common Buzzard, which inhabits Europe and Asia. Birds from the most northerly regions, like Sweden and Germany, fly to Africa for the winter, and those that breed in southern Europe (Spain) may overwinter in Europe. ■

  

  Such examples illustrate the diversity of migration. Migration can be as short as 20 miles (32 kilometers) or longer than 20,000 miles (32,000 kilometers) round-trip. The timing and direction of flight can vary greatly, even within a single species. The traditional north-south flights most familiar to those of us who inhabit temperate climes in the Northern Hemisphere are only one type of migration.

  Differences in migratory behavior and pattern within a species are evident among geographic populations, age classes, sex classes, or combinations of these. Called differential migration, this variation is manifested by differences in seasonal timing of migration and range during the nonbreeding season. Differences in distance of migration or wintering area between age or sex classes usually involve a species that is a partial migrant. Among complete migrants there seems to be a greater mixing of age and sex classes during the nonbreeding period, and differential migration has not been documented as often.
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        Female Dark-eyed Juncos Migrate Farther South than Males

      
    

  

  RESEARCHERS AT INDIANA UNIVERSITY HAVE STUDIED THE MIGRATORY behavior and ecology of Dark-eyed Juncos since the 1970s. Because of this work, we may know more about this species’ migration than that of any other North American species. Fieldwork at many sites in eastern North America demonstrates that female juncos migrate farther south than males. After breeding in the northern forests this common finch flies south and can be found over a large portion of the eastern United States during winter. Females tend to migrate farther than males and make up a greater proportion of the population in places like southern Indiana than in southern Ontario, where males predominate. ■
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        Immature Male Snowy Owls Migrate Farther South than Adult Females

      
    

  

  ROSS LEIN OF THE UNIVERSITY OF CALGARY AND I STUDIED THE DIFFERENTIAL pattern of migration among the four age-sex classes (adult males, adult females, immature males, immature females) of North American Snowy Owls. Based on the collection locations of more than eight hundred museum skins, we concluded that immature males migrate farthest south and adult females remain farthest north in winter. There was overlap among the four age-sex classes in distribution, so findings were based on differences in percentage. South of 45 degrees north latitude immature males accounted for 46 percent of museum skins, and immature females accounted for another 40 percent. Only 10 to 15 percent of the birds found on the Great Plains of Canada during the winter were immature males. During fifteen years of fieldwork in Alberta, Lein has noted a large proportion of adult females on his study sites. Additional evidence for a differential migration of Snowy Owls comes from more than seventy Snowy Owls banded in the winter of 1991–92 in upstate New York along the south shore of Lake Ontario. About 85 percent of the owls were immatures, with immature males predominating. Differential migration by age and sex among these partial migrants is obvious. ■
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  THE BEST DOCUMENTATION OF DIFFERENTIAL MIGRATION IS A STUDY of Herring Gull migration by Frank Moore, then a graduate student at Clemson University. He analyzed winter recovery locations of Herring Gulls banded at breeding colonies on the Great Lakes. He showed that the migration of Herring Gulls became progressively shorter as they grew older. First-year birds migrated to the Atlantic coast as far south as Florida. Fourth-year birds rarely migrated as far south as the Carolinas.These findings imply that site fidelity is low, meaning that individuals do not winter in the same place year after year. After the first year or two, however, some of these birds could return to the same wintering sites year after year. The pattern demonstrated by Herring Gulls is one of the clearest yet found of adults wintering far to the north of immatures. ■

  

  Breeding at higher elevations of the Appalachian Mountains of the eastern United States, the Carolina Junco is a short-distance, elevational migrant. Its migration is often less than 20 miles (32 kilometers) down the mountains to lower elevations, but even this short movement permits the species to escape cold weather and snow on the mountaintop during winter. In late winter some males return to their lofty breeding sites, but they may not stay. If conditions are acceptable, they remain to secure good nest sites. If the weather is bad, they fly back down the mountain until it improves. The short distance between breeding and wintering sites permits these birds to test the conditions at the mountaintop without wasting enormous amounts of energy, as would be required by longer-distance migrants.

  Among partial migrants, immature birds usually migrate farther than adults. The pattern of differences between males and females is not as pronounced. In some species females migrate farther to wintering sites; in others males do. When both age and sex are considered, the pattern is often not clear because both play a role in determining which individuals migrate farther.

  Why differential migration exists and how it evolved are the hot questions in migration biology. One explanation, called the social dominance hypothesis, states that some individuals will dominate a resource, usually food, making subordinate individuals migrate farther.This usually means bigger birds and adults will dominate smaller birds and immatures, which must fly farther to find food. This could explain why adults winter closer to the breeding area than young birds. Migration is costly, and it does not pay to fly farther than necessary.This also explains why the larger sex of some species winters north of the smaller sex. And it corroborates the migratory pattern among blue jays, in which only the immature birds migrate.

  Other biologists believe that by wintering on or close to the breeding site, an individual does not need to fly as far in spring and can therefore acquire the best breeding site upon arrival.This hypothesis would explain why in some species males winter north of females.

  Neither of those explanations works for all species, but for a given species one or the other may explain differential migration. For example, among species that do not breed in their second year, social dominance may operate on first-year birds but not on adults. Suffice it to say that evolution has shaped these patterns differently among species.

  RARE BIRDS AND BIRDS OUT OF RANGE

  Birders delight in finding rare birds and in spotting a common bird outside its normal breeding, migration, or nonbreeding range. Birders in such places as the Scilly Isles off the southwest coast of Great Britain venture forth in autumn in hopes of adding “ticks” (new birds) or “lifers” to their life lists—usually a North American or Asian migrant that is out of its normal migratory range. A Gray-cheeked Thrush or a Magnolia Warbler is indeed a special bird at such locations, because they are normally found in North America. In the same way, the sighting of a Eurasian Purple Gallinule in someone’s backyard in Wilmington, Delaware, or a Western Kingbird or Western Tanager in Cape May, New Jersey, is puzzling. How do birds find themselves so far from their normal range?

  The Eurasian Purple Gallinule that arrived in Wilmington in the autumn of 1990 thrilled many birders. It could not have made the flight under its own power. Instead, it either crossed the ocean on a ship or was released from captivity somewhere near Wilmington. One field guide states that this bird rarely migrates, and when it does, it may travel on foot! We will probably never know how it came to be in Delaware.

  A Canadian biologist, Ian McLaren, examined the occurrence of dozens of “out-of-range” or “vagrant” birds found over several decades in Nova Scotia. He hypothesized that many South American birds, such as Fork-tailed Flycatchers, arrived in Nova Scotia after storms or after prolonged southerly or southeasterly winds. His meticulous analyses included evaluating continental weather maps for the days before a rare species arrived.The weather usually explained the presence of rare birds.

  As a graduate student, David DeSante, now of the Bird Population Institute, also examined out-of-range birds. He studied mostly eastern songbirds, particularly wood warblers, because he wanted to explain their arrival on the Pacific coast during autumn migration. He suggested a novel hypothesis—mirror-image orientation, whereby the “compasses” of eastern migrants became reversed as if they were viewed in a mirror. The result of this reversal brought them to the West Coast instead of the Midwest or the East Coast of North America.

  One of the simplest explanations for some out-of-range birds, however, relies on simple statistics. Any large population is likely to have a few aberrant individuals that deviate greatly from the norm in weight, speed, plumage, or migratory orientation. If a common species normally migrates to the southeast, there are bound to be a few individuals who will fly to the southwest or to the east; these are the birds that may find their way to strange places. Couple this with the large number of birders who go to places like Cape May or coastal California, where birds congregate in large numbers, and the probability of finding aberrant individuals increases. These are the reasons rarities occur at a higher rate at these places than elsewhere.

  There are, no doubt, many explanations for finding birds out of their normal migratory ranges. Some may have aberrant “compasses” and some may be blown by wind and weather. Individual differences among members of a species is a small but growing area within animal research in general.Vagrants and rarities will always fascinate birders.

  FLIGHTLESS BIRDS

  Some bird species are yet more unusual in that they don’t fly anywhere at all. Some even run—and are quite fast.The ostrich comes to mind here.

  Researchers have recently found the fossil skull and a foot bone from what may have been the heaviest flightless bird of all, ever. It was about as tall as the tallest player in the National Basketball Association, featured a hooked beak, and weighed more than half a ton.This particular creature lived in Argentina about 16 million years ago and was part of an ancient family called the “terror birds.” Evolved after the Age of the Dinosaurs, this bird family took up their top predator position in South America (which was then a separate continent). Major carnivores, the terror birds did not become extinct until about 3 million years ago.

  Flightless birds used to be more common before mammals had evolved and proliferated on the planet. They were indeed often large. The moa and the elephant bird are two examples.

  
    
      	
        CASE STUDY

      
      	
        An Austral Migrant: Fork-tailed Flycatcher

      
    

  

  FORK-TAILED FLYCATCHERS ARE ONE OF MANY SOUTHAMERICAN BIRD species that, like the White-rumped Swallow, migrate northward during the austral winter, a mirror image of normal migration in North America. Some move to Trinidad, off the northern coast of South America, and others fly into Central America. Occasionally, Fork-tailed Flycatchers overshoot their normal wintering areas and are seen as far north as New Jersey or Nova Scotia. Other South American migrants, such as the Large-billed Tern, arrive in North America after overshooting their destinations in northern South America. They may have been blown northward by a storm or strayed from their migratory route because of an aberrant migratory compass. ■

  THE EVOLUTION OF BIRD MIGRATION

  Dozens of scientists and birders have attempted to explain or trace the evolution of bird migration, but none of their theories have been entirely plausible or widely accepted. Explanations involve glaciation, continental drift, changing climatic patterns, extending dispersal distance, northern ancestral homes, southern ancestral homes, and combinations of these.

  Our warming climate, a phenomenon occurring most strongly across the Northern Hemisphere, is a more short-term effect—so far—than those mentioned above. But, if it continues at anything like the present rate, it will affect bird species significantly. Already the cardinal, for example, has extended its range a couple of hundred miles north in certain areas.This may not sound like a problem; but bird species whose habitat becomes more crowded, as other bird species come to share it, could develop problems of food supply.

  Although biologists will not agree on which hypothesis is correct, most do agree that the foundation of all explanations must be food.The availability of food is the driving force in the evolution of migration patterns. Food abundance can increase reproductive output; lack of food leads to death. A bird that can find more food will live longer and produce more offspring than one that finds less food. If by moving from place to place a bird can find more food, migration will evolve.

  Migration biologists often evaluate the potential for migration as a cost-benefit relationship. David Lack, a British ornithologist and evolutionary biologist, stated that migration will evolve only if the costs of migration are less than the benefits. Cost and benefit are both measured in mortality and reproduction. If the cost of migration is great, mortality will be high and reproduction will be low. If the benefit of migration is great, mortality will be low and reproduction will be high. It is very similar to running a business; costs must be kept to a minimum so that benefits (profits) will be high.

  We now know that the geographic patterns of migration can change during relatively short periods of time. Many songbirds no longer migrate as far south in winter because they can feast at suburban birdfeeders in the north. As a consequence, the migratory habits of Sharp-shinned Hawks have changed, too.These small woodland hawks feed on songbirds.When songbirds aggregate in large numbers at feeders, they are easy prey, so this hawk now hunts at feeders. Some individuals work feeders like a trapline, flying from one to the next until they surprise and capture their prey. Christmas Bird Counts in the northeastern United States show that numbers of Sharp-shinned Hawks have increased in recent years, presumably because of the increase in overwintering songbirds.

  Another hawk that has changed its migratory tendencies is the Red Kite, a European hawk. This species used to migrate far south for the winter.With more people, more garbage, and more landfills, it has abandoned its migration from some areas because it now has food available throughout the winter. The landfills are magnets for rats and thus for some raptors that feed on both the garbage and the rodents.

  To the frustration of duck hunters in the southern United States, the practice of “short-stopping” has abbreviated the migratory flights of some species. Because farmers are leaving crops standing in the northern United States, providing food for ducks and geese, the waterfowl need not migrate as far south.

  These examples show how flexible birds are, a flexibility increased by the rewards of adjusting to human populations—a theme that will run throughout this book. This very plasticity of migration behavior and ecology is what makes it so difficult to explain bird migration and trace its evolution.
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  MIGRATION IS A MAJOR ACTIVITY—A MAJOR STRESS—IN THE LIFE OF A bird. It is very important since the number of birds on our planet is being dramatically reduced anyway. Over the last five hundred years, 2 percent of bird species have become extinct and the total number of living birds has slipped by 20 to 30 percent. By the end of the twentyfirst century, scientists expect those numbers to worsen drastically. Migrations truly need to be successful. For the latest evidence on which birds are experiencing problems, consult www.audubon.org, find Birds & Science/Bird Conservation, then consult the Watch List. ■
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  How Scientists Study Migration

  BIRD MIGRATION HAS IGNITED THE PASSION AND IMAGINATION OF SCIENTISTS for hundreds of years. During the centuries that we have pondered the migration of birds, we have tried to learn about migration in many ways, using different techniques to answer different questions. Because migration is so difficult to study, researchers have had to overcome many stumbling blocks by trial and error. Good migration research requires lots of work and a blend of the appropriate research design and analysis.

  Migration research is constantly changing. New methods are always emerging and old ones are being refined. Graduate students, postdoctoral fellows, and tenured faculty are devising new methods for studying migration. New techniques designed to answer specific questions about migration will bring exciting discoveries.

  Overviews of the most widely used methods for studying migration are presented in this chapter. It is impossible to describe these methods without discussing some of the questions that can be answered using them.You may wish to refer to specific methods described in this chapter if you are unsure about a technique mentioned later in the book.
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