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1. Introduction

Why and how birds migrate has been a great mystery for most of humankind’s
history: One day a bird is here; the next day it is gone—only to reappear, seemingly as if
by magic several months later.!

Many of the most extraordinary discoveries about the nature of bird migration had
to wait for recent technological developments.? Newer, small tracking devices
called light-level geolocators now weigh as little as two-tenths of a gram and have
produced astounding discoveries about migratory birds’ journeys. These geolocators
record ambient light levels throughout the day. The light-level data they collect can later
be used to estimate the bird’s location within about 62 miles. Day length can give an
indication of latitude, as days are longer in the north in summer, and longitude can be
calculated from the timing of sunrise.’

Other miniaturized trackers record bird movement, as well. In 2014 Bird Studies
Canada launched the Motus Wildlife tracking system—a network of towers spanning
North and Central America, and northern South America. When a bird tagged with a
Motus transmitter passes within range of a tower, information about the animal is logged
into the network.* Motus has produced more than 1.5 billion detections from more than
17,000 tagged animals, yielding information about migration routes, timing, and stopover
sites.’

Though I’ve photographed birds, and observed their behavior and diversity—
including migration—for a couple of decades, it was not until last summer, when I
traveled to the Canadian Arctic that I developed a fuller appreciation of how
extraordinary bird migration—in all its various forms—really was.

Bird migration is global. About 1,800 of the earth’s roughly 10,000 bird species
are long-distance migrants, covering many thousands of miles over open sea, harsh

deserts, and other hazards. We’re going to focus on migration to and from the Arctic in
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our hemisphere—meanwhile bearing in mind that similar migratory behavior occurs
worldwide.

Recent fossil discoveries in the Prince Creek Formation, in Alaska, indicate that
the closest ancestors of modern birds were nesting in the Arctic 73 million years ago
during the late Cretaceous period. Some of these birds had evolved the physiological
adaptations necessary for long flights—so they may well have been migrating to the
Arctic from lower latitudes to breed.¢

As if to amplify the contrast between the harsh Arctic and other regions in our
hemisphere, I spent two weeks in Brazil last month photographing birds and mammals.
With an estimated 1,971 bird species, Brazil has about a fifth of the world’s avifauna
distributed over a wide variety of biomes. Other parts of the Neotropics are also home to
an incredible biodiversity, with every ecological niche hotly contested.

This presentation, part travelogue and part research paper, aims at covering some
of the most recent thinking on bird migration, together with photographs I took of some

of the more notable birds—many of which are champion, trans-world migrators.

2. Genetics and environment

If you observe bird behavior their daily lives are dominated by the search for
adequate food for themselves, their breeding partners, and their nestlings. This is the
fundamental factor behind the evolution of bird migration. If the benefits of migration
outweigh the costs, that is, if migration creates an advantage in survival and breeding,
birds will migrate. Migration also enables birds to benefit from recurring advantageous
conditions:

. Breeding and nesting: Spring and summer in the high latitudes of the Northern
Hemisphere offer 24 hours of light a day, and abundant food—such as fish and insect
biomass— ideal for raising young.

e Reduced competition: Migrating allows birds to spread out and utilize vast breeding
grounds, reducing competition for food and nesting sites. This also helps them avoid

predators that are more numerous in warmer, non-breeding territories. The vast boreal

forests’ resources enable birds to spread out, and predators—while formidable—
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apparently are proportionately fewer there. In contrast, on trips to the Neotropics I've
been astounded by the teeming diversity of life and abundance of predators.

o Favorable conditions: While many species can tolerate cold, some areas become far
too harsh in winter for most birds, making it difficult if not impossible to find food and
shelter. Some birds also benefit from escaping parasites and pathogens that can thrive in
warmer climates year-round.” For years ornithologists hypothesized that migratory
animals originated in the tropics and that migration evolved through shifts of breeding
ranges to temperate regions. Researchers recently tested this hypothesis in the largest
radiation of migratory birds in the Americas, the New World perching birds. They found,
contrary to expectations, that long-distance migration primarily evolved through
evolutionary shifts of birds’ geographic range south for the winter out of North America,
as opposed to northward out of the tropics for the summer.®

Bird migration fundamentally depends on a bird’s genetic heritage and the
environmental factors we just reviewed. But why do birds undertake such risky journeys
across vast areas to and from widely separated breeding and wintering areas? According
to recent research, birds that breed in boreal North America and migrate long distances
for the winter are more likely to survive to the following year than birds that migrate
shorter distances. There is, however, a trade-off: Long-distance migrants lay fewer eggs
each breeding season than their short-migration counterparts.’

Once a bird is predisposed genetically to migrate, the main environmental trigger
is the changing length of daylight, known as the photoperiod. Scientists have found that
in birds the operative photoreceptors are not only the eyes, but also an area of the brain
called the ventromedial hypothalamus. Receptor cells react to the very low levels of light
that penetrate the thin skull and surrounding brain tissue.!® This link between a changing
photoperiod and migratory behavior in song birds has been repeatedly confirmed by
researchers over decades.!!

An internal circadian clock signals birds that are normally diurnal to become
active both day and night. They begin to display what German researchers dubbed
Zugunruhe, pre-migratory restlessness. An internal metabolic clock, as well as circadian
rhythm changes brought about by the changing day length, also induce over-eating, or
hyperphagia, in preparation for migratory flight. The gain in body mass is partially offset

by a pre-migratory reduction in digestive organ sizes, and bulking up flight muscles helps
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power the extra load. In essence, hyperphagic birds become obese and diabetic in
preparations for migration. An internal clock controls seasonal changes in both fatty acid
metabolism and the liver associated with migratory state.'?

Over millions of years birds have evolved extraordinary adaptations enabling them to
survive these journeys:

*  Some migrating birds can put alternate halves of their brains to sleep while flying.
Niels Rattenborg of Germany's Max Planck Institute for Ornithology and other
researchers found that while sleeping mid-flight, Great Frigatebirds often sleep with
only one side of their brain, leaving the other side awake. While flying, they sleep very
little—about 45 minutes each day in short 10-second bursts, usually at night.!3 Other
birds that are capable of uni-spheric sleep include some ducks, White-Crowned
Sparrows, Peregrine Falcons, and Eurasian Blackbirds. This same ability is thought to
enable Alpine Swifts to fly for 200 days nonstop.'*

* They can double their weight to prepare for extreme flights.

» Feathers provide the insulation necessary to maintain a high "engine" (body)
temperature, ranging from 107 to 113 degrees Fahrenheit.

* Birds have a large, four-chambered heart which proportionately weighs six times
more than a human heart. This—combined with a rapid heartbeat (the resting
heart rate of a small songbird is about 500 beats per minute; a
hummingbird’s is about 1,000 beats per minute)—enables birds to meet the
rigorous metabolic demands of flight.

» The avian respiratory system—the most efficient in the animal kingdom—
consists of two lungs plus special air sacs, and takes up 20 percent of a bird's
volume compared to 5 percent in a human. Unlike mammalian or reptilian lungs,
the lungs of birds remain inflated at all times, with the air sacs acting as bellows
to provide the lungs with a constant supply of fresh air.!>
Bird migration distances vary: Ornithologists differentiate between complete

migration, in which a bird leaves its breeding range during the nonbreeding season, and
partial migration, in which a bird’s breeding range and winter range overlap in what is
effectively a year-round range. For some birds, a partial migration may be a relatively
short trip, perhaps simply to a lower altitude or the other side of a mountain to take

advantage of food availability or nesting sites. Other birds, such as blue jays, undertake



A Trip to the Canadian Arctic: Reflections on Bird Migration/Clay Stauffer/November 2025

12

13

14

somewhat longer journeys, perhaps a few hundred miles. And other birds, such as
Northern Cardinals, Chickadees, Titmice and other song birds, tend to stay in our zone all
winter—quite a feat when you consider our winter weather’s severity.

Some birds are classified as irruptive migrants: They may leave their year-round
range and migrate to a winter range, but only intermittently. Great Gray Owls, Snowy
Owls, Northern Finches and Crossbills are among the species that display this irruptive
migratory behavior.

Birds that are completely migratory include the Long-Tailed Jaeger, a pair of
which we encountered on the road to Tuktoyaktuk. Long-tailed Jaegers are also pelagic
birds—they spend nearly three-quarters of their lives at sea where they travel thousands
of miles far offshore between their breeding grounds in the Arctic to their winter range in
the Antarctic.

The non-stop, long-distance record-holder may be the Bar-Tailed Godwit, which
breeds in Alaska and winters in Tasmania and New Zealand. In 2022 researchers found
that a four-month-old Bar-tailed Godwit known as B6 set a new world record by
completing a non-stop, 11-day migration of 8,425 miles from coastal Alaska to Tasmania,
Australia—the longest documented, non-stop flight by any animal! The shorebird was
tracked using a 5-gram solar-powered satellite transmitter that was attached to its
rump. 617

Migratory birds run a gauntlet of deadly threats that reduce their odds of survival.
Some of their threats are to be expected: adverse weather, scarce food, disease—such as
avian influenza—and predators. We humans, however, have heaped even more pressure
on migrating birds: hunting—both legal and illegal—collisions with human-built
structures, such as tall buildings, power line towers or wind turbines. Human-caused
habitat loss has dramatically reduced the number of safe mid-migration rest stops.
Pesticides on agricultural land is a newer threat: Two neonicotinoid pesticides,
Imidicloprid and Chlorpyrifos, have been shown to hurt sparrows’ navigational ability
and body fat gain rates.!® The use of monocrotophos-class pesticides, banned in most

countries, is a particular threat in South America.

3. Recent research on migratory bird navigation



A Trip to the Canadian Arctic: Reflections on Bird Migration/Clay Stauffer/November 2025

From the air the Arctic seems more water than land: thousands of lakes and ponds
B stretch to the horizon. How do birds find their way from their birth location to their
wintering area, which can be hundreds or thousands of miles away?

16 Migratory birds use at least three compass systems based on different cues: the
sun and its polarized light, the stars and their constellations, and the geomagnetic field.!”
These systems can be integrated; for instance, Savannah Sparrows and some thrushes use
celestial rotation to calibrate their magnetic compasses.

Birds’ ability to orient by the changing position of the sun, in effect using a time-
compensated solar compass, was demonstrated by German researcher Gustav Kramer in
the 1950s using starlings and pigeons as his subjects.?’

. The ability of birds to use celestial patterns to orient was demonstrated in 1958 by
Franz and Eleanor Sauer, by keeping Garden Warblers in circular cages inside a
planetarium. About a decade later, John and Stephen Emlen, father-and-son researchers at
the University of Wisconsin, confirmed the Sauers’ research results using Indigo
Buntings. Rather than using Polaris, the north star—the one fixed point in the northern
night sky—the Indigo Buntings used constellations that were within 35 degrees of
Polaris. Since then, other birds, including Bobolinks, White-crowned Sparrows, and
Savannah Sparrows have demonstrated this ability.

1 Birds’ ability to use the earth’s magnetic field is based on two sensory systems: a
direction-finding magnetic compass based on photopigments on the eye, and a map
location system based on iron oxide receptors in the ophthalmic branch of the trigeminal
nerve.?!

How the photochemical geomagnetic system works has eluded researchers for
years. Recently, Peter J. Hore, a chemist at the University of Oxford, and Henrik
Mouritsen a biologist at the University of Oldenburg in Germany, have made strides in
unraveling this mystery.

“Our experimental evidence,” the two wrote in the April 2022 issue of Scientific
American,  suggests something extraordinary: a bird’s compass relies on subtle,
fundamentally quantum effects in short-lived molecular fragments, known as radical

pairs, formed photochemically in its eyes. That is, the creatures appear to be able to “see”

Earth’s magnetic field lines and use that information to chart a course between their

breeding and wintering grounds.”??
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Scientific interest in whether birds could use the earth’s magnetic field to navigate
dates back to the late 19" century, but such proposals were met with disbelief for
decades.?® That began to change in 1966, when German zoologists Wolfgang Wiltschko
and Fritz Merkel wrote a paper documenting that the innate orientation of migratory
European Robins could be changed by powerful magnets.>*?° In 1976, as mentioned,
results of double-blind experiments confirmed that Indigo Buntings used a magnetic
compass.?6

In 1978, Klaus Schulten, who was then at the Max Planck Institute for
Biophysical Chemistry in Gottingen, Germany, put forth a remarkable idea: The avian
compass relies on magnetically sensitive chemical transformations. He submitted a paper
proposing his thesis to the American journal Science, which rejected it with a dismissive
note from the editor. At first glance, Schulten’s proposal seemed preposterous because the
energy available from Earth’s magnetic field is millions of times too small to break, or
even significantly weaken the bonds between atoms in molecules. But he was inspired by
the discovery a decade earlier that short-lived chemical intermediates known as radical
pairs have unique properties that make their chemistry sensitive to weak magnetic
interactions. Over the past 40 years researchers have conducted hundreds of lab studies of
radical-pair reactions that are affected by the application of magnetic fields.

In 2000 Schulten and other researchers proposed that the recently discovered
photoreceptor cryptochrome, found in plants, insects, birds, and humans, was part of the
magnetoreception system.?’?® Cryptochromes have a variety of functions, including
light-dependent control of plant growth and regulation of circadian clocks. What makes
them attractive as potential compass sensors is that they are the only known naturally
occurring photoreceptors in any vertebrate that form radical pairs when they absorb blue
light. Six types of cryptochromes have been found in the eyes of migratory birds, and no
other type of candidate magnetoreceptor molecule has emerged in research in the past 20
years.”

To isolate the importance of cryptochromes, scientists compared a particular
cryptochrome, robin Cry4a, with the extremely similar Cry4a proteins from two
nonmigratory birds; pigeons and chickens. The robin protein had the largest magnetic

sensitivity, hinting that evolution might have optimized robin Cry4a for navigation.
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Scientists appear to be nearing a breakthrough on the exact physiological pathway that

enables migratory birds to visualize magnetic fields.

4. A trip to the Arctic

In June 2025 I flew from Chicago to Edmonton, Alberta, and then from Edmonton
to Yellowknife, Northwest Territories, and on to Inuvik, NT to join three other birders on
a trip from the Arctic Sea back to Edmonton. Our guide, Tom Hince, a noted bird guide,
has been a dedicated birder for more than 50 years, starting at age 7 in England. He was
an on-air birding host and producer for the Discovery Channel for 10 years. He also
worked for Parks Canada, including 10 years as a naturalist and birding expert at Point
Pelee National Park, and for the Canadian Wildlife Service. Tom’s lifelong friend, Bruce
DiLabio, of Ottawa, Ontario, a noted bird guide in his own right, and Peter Campbell, of
Ottawa, were also on the trip.

Our flight from Yellowknife arrived in Inuvik mid-day on July 10. Tom was at the
airport to meet us and we immediately piled into the Suburban to begin our trip. Before I
could even unpack my camera, we saw a Red Fox with an adult Snowshoe Hare in its
mouth a few hundred feet from the airport. Since our time in the Inuvik region was short,
we devoted the afternoon to birding north of the town.

Bird migration is a global phenomenon—but as we noted, not all birds migrate. A
couple of the first birds we encountered that first afternoon as we traveled north of
Inuvik—the Sharp-tailed Grouse and Willow Ptarmigan—do not migrate far from their
breeding areas, preferring to tough out the brutally cold winters that can reach 20 degrees
below zero.

The next morning we were up at 4—at latitude 68 degrees north the summer sun
is up 24 hours a day—so getting up seemed easy. We began our drive north to
Tuktoyaktuk and the Arctic Sea, about 90 miles away on the Northwest Territories
Highway 10, which opened in 2017 after four years of construction.

We soon encountered several Short-eared Owls: Impressively beautiful with a
white facial disk and long wingspans. Their ranges and habits are not well-understood.
They range throughout the world and seem to migrate more at will rather than predictably

along regular routes.
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Soon we encountered two Jaegers again, probably the same pair seen the day
before. One showed no fear of us—perching on a marker post within a few feet of us. It
was humbling to consider that this bird had almost certainly flown tens of thousands of
miles in its life over the open sea through all kinds of weather.*

The terrain north of Inuvik is nearly treeless tundra peppered with thousands of
ponds and lakes—many of which were still ice-bound when we were there in mid-June.

The vast landscape and many lakes and ponds drove home to me what the Arctic
offered migratory birds: open breeding habitat, and limited predation. The Red-Necked
Phalarope, which spends nine months of the year at sea, breeds in the Arctic and winters
at sea off the northwest coast of South America—riding on a raft of dense belly plumage
and feeding on tiny planktonic invertebrates. They demonstrate sexual role reversal
compared with most birds—females court and fight over males, who provide all
incubation and parental care. Female coloration is brighter than that of males.

Throughout our trip we encountered Savannah Sparrows, widely distributed
throughout Canada and highly migratory. As I mentioned, these sparrows’ navigation and
orientation capabilities have been well-studied. They usually migrate at night—although
some may continue during the day. They have been demonstrated to have magnetic,
stellar, and solar compasses. Like many songbirds they use polarized light to assist
direction-finding. The setting sun (including patterns of polarized light) is a critical
source of day-to-day directional information in both spring and fall migrations. Stars may
be used as celestial reference points, with the directional information assessed from the
sun being transferred to stars on a nightly basis. Solar and stellar cues are apparently used
hierarchically, and visual experience with either cue is sufficient to calibrate the magnetic
compass in young birds.>!

In our hemisphere migration tends to occur on four primary flyways that
stretching from the Arctic to Tierra del Fuego at the southern tip of South America. The
African-Eurasian Flyway connects those two continents, and the East Asian Flyway
stretches from Russia and central Asia to Australia.

Pressure on migrating birds exists in every flyway, especially coastal China. The
Paulsen Foundation, started by former Treasury Secretary Henry Paulsen and his wife,

Wendy, has been able to move the needle somewhat to protect Chinese coastal wetlands
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that are essential to the survival of Asian shorebirds—including the Red-Necked Stint,
which was the most surprising discoveries of our trip.

On our way out of Tuktoyaktuk we stopped by a mud flat to scan for shorebirds
using the spotting scope. Tom and Bruce saw one bird they were having trouble
identifying—suddenly Bruce realized it might be a Red-Necked Stint—an Asian bird
occasionally seen in coastal Alaska. A long-distance migrant, with many individuals
commuting more than 6,200 miles between breeding and nonbreeding areas, until our
sighting the Red-Necked Stint had never before been recorded in the Northwest
Territories!

The migration routes of the Red-necked Stint stretch from its arctic breeding
grounds south along the along the eastern shores of Siberia to Japan or across the
Siberian interior through Russia and Mongolia. Both routes appear to converge along the
coast of northern China, especially around the Yellow Sea. Thereafter, the Red-Necked
Stint moves south along the Chinese coast and then follows coastlines on to its
nonbreeding grounds throughout coastal Australia.>?

Most birds, especially small songbirds, migrate at night. Radar tracking of bird
migration has become information easily accessed on the Internet. The night air tends to
be calmer, and night flights reduce the threat of predation. Cooler air and the lack of
sunlight enable birds to regulate their body temperatures better than daytime flights.
Hawks, on the other hand, migrate during the day, when thermal winds can aid their
flight. Swallows and swifts, who can eat insects on the wing, also migrate during
daylight, as do Hummingbirds. Birds adjust their itineraries to take advantage of food
sources, and wait for more favorable winds.?* Birds socialize to some extent with other
birds during migration to share information, according to recent research.>* Until recently,
birds were thought to migrate more or less independently, steered by internal clocks and
guidance, and experience. Many birds migrate collectively, apparently in concert with
other bird species.??

Recent investigations of bird vocalizations during migration flights provide the
first quantitative evidence of cross-species social associations during nocturnal bird
migration. "We found evidence of meaningful social relationships among migrating
songbirds that have generally been thought to undertake solitary, independent

journeys," according to the lead researcher, Joely DeSimone.*¢
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After a long day of birding, we had dinner at the MacKenzie Hotel in Inuvik and
flew to Dawson City on an evening flight. With a population of just under 1,600, Dawson
City is the second-largest town in the Yukon. Located at the confluence of the Yukon and
Klondike rivers, Dawson City grew to 17,000 people in a matter of months after the
discovery of gold on the Klondike River in 1896.

The next day we were up early to head across the Yukon River ferry and westward
up the Top of the World Highway toward the Alaskan border. One of our target species
was the Northern Wheatear—a true, long-distance migratory champion. The Northern
Wheatear is one of very few breeding songbirds (Passerines) in North America that
migrates to the Old World. Nearly the entire global population makes a 9,000-miles trip
to winter in sub-Saharan Africa. Breeders from Alaska and the Yukon reach Africa by
migrating westward across the whole of Asia and the Middle East, whereas the
subspecies from eastern Canada makes a trans-Atlantic flight eastward through Europe.®’

We found a pair of Wheatears right at the Alaska border, within shouting distance
of the border station, high in the Dawson Range. A casual observer would scarcely think
that this little bird, barely 52 inches long weighing at most roughly an ounce, capable of
flying such immense distances.

Such flights are routinely accomplished by migratory birds. But the fact that birds
are able to brave such odds does not mean their journeys are not perilous, and becoming
more so. Radar tracking technology has created a new type of conservation strategy
known as “dynamic aeroconservation” in an effort to try to mitigate the human-caused
hazards birds encounter during migration.>® Forecasting based on migration research can
be used to take conservation actions, such as temporary removal or deactivation of
terrestrial or aquatic barriers, such as fences or dams, aerial obstacles, such as wind
turbines, or point-source pollutants, light pollution, and chemical pollution.

Researchers have estimated that hundreds of millions of birds die from hitting
buildings every year in the United States. These strikes are believed to be one of the
factors behind an almost 30 percent drop in North American birds since 1970.
Aeroconservation, along with other mitigation measures—such as patterned appliques on
windows, can prevent massive bird kills like the 2022 and 2023 bird strikes at

McCormick Place in Chicago, which killed more than a thousand migrating song birds.>”
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As we drove farther into the Dawson Range we passed a lake where Arctic Terns
could be seen wheeling and feeding on the water’s surface. Next to Godwits, Arctic terns
are the indisputable champions of long-distance migration. Their global range extends
from the northernmost land to the southernmost open water, giving this bird longer hours
of daylight than any other avian species. Recent researchers, using state-of-the-art
trackers, have found Arctic Terns had annually traveled from 37,000 to 51,000 miles in
their migrations. Consider such mileage in the context of a potential life span of 34 years
or more. During these long migrations, most Arctic Terns are pelagic and rarely seen
from shore, but scattered inland records from diverse parts of the world suggest that
numerous individuals make long movements overland.

The scale of the topography in the southwestern Yukon seemed to dwarf all the
mountains I’d seen before. And though this area, made famous by the 1896 Klondike
gold rush, had a rich history—it was hard to imagine how crowded it must have been in
1899—it was the biggest city west of Winnipeg and north of Seattle for a while. We
continued our trip through southern Yukon and northern British Columbia, ending in
Edmonton—a boom town thanks to the petroleum industry.

Earlier we encountered a Blackpoll Warbler, which travels through Michigan on
its way to and from the boreal forest. Blackpoll Warblers undertake the longest
migrations of any North American songbird: A round-trip journey of at least 12,000 miles
to northern South America. In autumn they make a non-stop flight across the North
Atlantic from New England to Columbia, Venezuela or Guyana. Some continue
southward to Brazil. Not bad for a 52-inch bird!

I’d like to close this talk by talking about a shy, unassuming bird that probably
would escape your notice: the Gray-Cheeked Thrush. A somewhat plain-looking bird, a
little smaller than its cousin, the American Robin, the Gray-cheeked Thrush is ubiquitous
in the boreal forest—where it breeds beyond the Arctic Circle and migrates to
northwestern South America for the winter. Its song has an ethereal quality, like that of its
other cousin, the Veery, thanks to its double-syrinx, the specialized vocal organ found
only in songbirds.

Late this summer, while traveling back to Michigan through Indiana, I saw a

Gray-cheeked Thrush lying on the sidewalk in downtown Columbus. Perhaps it flew into
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a building at night during its migration. The fate of that one bird recent created an
overwhelming sense of pathos in me, imagining the perils it must have surmounted.

I came away from this trip to the Arctic changed, with a renewed conviction that we
human beings must live for all species—not just for our own benefit. If we do not our

own future is dubious, at best.
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