time without any sensory cues from the outside world,

ey
~ and the discovery of this innate biological clock caused
great excitement. It was clear that the inner clock was in-

volved in the compass sense that many animals had been
found to possess, They could use the position of the sun,

or the stars, along with the time of day, to find north,
But simple compass sense is not enough to account for
the ability of a bird to navigate the open ocean. If a petrel

flying east is blown of f course hundreds of miles south in
a storm, the new course it must take is not simply east,

THE MYSTERY “_“Im“m ; but northeast. When furmnan navigators are blown off
Robin Baker, Chief Coniributing Editor course at sed, they can determine their exact position an
Viking Press, 256 pages, 529,95 the face of the Earth by celestial navigation, which re-

quires a good clock and a set of astronomical tables, Per-
haps, scientists thought, since the animals are able to use
the biological clock to glve them compass sense, they also
use it to find their precise position on the Earth, fixing
their latitude and longitude by celestial navigation almost
the way human navigators do. In the heady days of the
fifties, when such research was booming, Gustav Kramer,
Franz Sayfr, and G.V.T. Marthews seemed sure to ex-
plain how these biological clocks made celestial naviga-
tion possible.

Albert Bierstadt, The Buffaie Trall (1867-58)
REVIEWED BY ARCHIE CARR

TGRATION i3 rife with mysteries. The ability of some

species to make long-range, overseas journeys and
arrive on schedule at pinpoint destinations ranks as a pin-
nacle of natural selection. The orienting senses and cpes
used in these journeys have received a great deal of atten-
tion from biologists during the past thirty years, but they
are still not well understood. It is not even clear why some
species make outlandishly long voyages to breed, passing
by, en route, what a human might consider perfectly suit-
able habitats, Where long, open-ocean flights are made
o nesting siles on tiny islands, it is difficult to reconstruce
the evolutionary origin of the hazardous habit, when the
first colonizing waifs were few and obstacles to survival
and return were—seemingly —insurmountable, We simply
do not know how animals navigate,

Experimentally, the most baffling migratory phenom-
enon is the ability of an over-water migrant, displaced by
wind, wiaves, or human experimentation, (o reorient on a
correct course of travel, Twenly-five vears ago it seemed
likely that we had at least part of the answer. Birds, bees,
and other species had proven capable of keeping track of

Archie Carr is in the department of zoofogy, University of
Florida, Galnesville, He i Technical Divector of the Caril
fean Conservation Corponation and Chairmon of the Marine
Tirtle Specialist Growp of the International Unior for the
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opy and mrigration of marive furiles, One of his eight books,
Tue Winnwarn Roan, originally published by Alfred A,
Knopf, was recensly reissued in paperback by the University
af Florida Press.
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Bul today, confidence in theories of celestial naviga-
tion has waned. The early, groundbreaking experiments
were exciting, bul scientists have besn unable to repeat
cach others’ resulis, Slowly, they have turned away from
the investigation, and only two or three still have the con-
fidence to continue, Celestial navigation could still turn
out to be at least part of the answer, although it does de-
mand of the animals an altogether fantastic map sense—
it requires that almost every hit of the zodiac—the orbits
of the sun, moon, and stars—be associated for the ani-
mals with a specific position on the face of the Earth.
How this map sense could be either inherited or learned
seems almost incomprehensible.

Even though position-finding navigation remains un-
explained, many advances have been made recently in the
study of migration. Several vears ago, for example, the
winter haven of the monarch butterfly was discovered —
one of the most spectacular finds in animal behavior and
migration in some tme. In one small part of the Sierra
Madre Oriental range in Mexico, the butterflies cluster so
thickly on the trees that one can hardly zee the branches,
People had long wondered where the southward migra-
tion was leading the monarchs, and this Mexican locality
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may be the meeting place of the entire species, through-
out Morth America,

Perhaps even more exciting is the news that butterflies,
bess, birds, and even bacteria have been found to have a
magnetic sense, and that tiny partickes of magnetite, which
appear bo mediate the sense, have been discovered within
the creatures. Because bacteria carry these grains of mag-
nelic material within them, even they are able to.guide
themselves, traveling along the lines of force of the Earth's
magnetic field.

While it 15 by no means true that the discovery of 2 mag-
netic sense explains how animals navigate, it is an cxciting
advance. A number of studenis are now irving oo extend
the data and to learn how many different species of ani-
rmials possess the magnetic particles and whether they use
them only to find compass direction or also in finding geo-
graphic position, It has been suggested that, using varia-
tions in the strength of the magnetic feld, they can deter-
ming where they are on the face of the Earth. Pigeons,
for example, are able to navigate through fog, conting-
ing on their course when they can see neither the sun abowve
nor Earth beneath, This suggests a use of magnetic fields,
but nobody has been able to prove it If some species ac-
tually do have the inherited ability to use an awareness of
magneti forces (o fgure oul their precise geographic po-
gition, the phenomenon would seem no less fantastic
than a map sense based on positions of the sun and stars.

Su The Mystery of Migration is a timely book. It was
assembled by & team of six contributing editors, chief
among them Bobin Baker, lecturer in zoology at the Lini-
versity of Manchester. Baker is well known for an earlier
massive treatise on migration [ The Evolutionary Ecology
of Aniral Migration, Holmes and Meier, 1978] and for
recent investigations of the possibility that humans (oo
an defect —and sense the intensity of —the Earth’s mag-
netic field,

The book begins with a review of the myths, legends,
and theories that have arisen during our age-old bemuse-
ment over migration, There follows a chapber examining
the biological basis of migration and proposing a new,
greathy expanded definition of the phenomenon. Succes-
sive chaplers then treat, in varying detail, the migratory
lives of plants—yes, plants—insects, fish, amphibians,
reptiles, birds, bats, aquatic mammals, land mammals,
and, finally, people. The book iz big, well written, copi-
ously illustrated—in short, the most ambitious volume
on migration ever written for the general reader. It is
pleasant to read and replete with engaging natural his-
tory. However, the authors make fundamental reinter-
pretations and revisions of the field, and this is a guestion-
able procedure in a book for lay readers, especially when
the subject is already as elusive as animal navigation.

Many of the problems occur in chapter two, which
amounts toa review paper on the status of this difficult
field. I does some helplul stock-taking, but if also secms
to mee to introduce some confusion. [ am not sure, for éx-
ample, what is gained by the curious distension of the
term migration. In this "bold, radically new concept,” as
the cover flap calls it, migration is equated with mowve-
ment. "Plants,” we are told, “in the same way as animals,
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are adapied For movement; bul instead of legs and fins
they have adapiations such as wings and floats to carry
them away from their parents, enabling them o establish
A separate existence.”

In justifying this redefinition, the editors point out that
some animalks, such as birds and whales, move thouzands
of miles in migration, while plankton accomplish similar
aims by moving through a few fathoms of vertical dis-
tance, From there they reason that *since we neither use
the form nor the length of an animal’s journey to decide
whether it is migratory, . .migration must embrace all
movements animals make from birth 1o death.” I doubt
that many biologists will find irresistible bogic in this. It is
hard to see how any order is brought (0 an already compli-
cated field by amalgamating the ecological phenomenon
of migration with the reproductive dispersal of dissemd-
nules and with the long-term zoogeographic spreading of
specics across space and barriers, It is perhaps worthwhile
to show that all forms of locomotion and travel run to-
gether at the edges; but once this is noted, it surely pays to
keep apart the ideas of ecological habitat-shifting and
biogeographic spreading.

In a few other rough places the problems may be mainly
semantic, bul they nevertheless make one uneasy. In de-
fining and giving examples of the “familiar area” of the
“lifetime track” of an animal, for example, the editors
zay that even a global migrant such as the arctic tern is
traveling in familiar territory, not just in its summer and
winter ranges, but also all along the vast open-ocean route
between the two. Familiar territory is usually defined as a
region in which the animal has landmarks it has seen,
heard, or smelled before. When the Golden Plover, for
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example, travels thousands of miles across the open Pa-
cific from Midway Island (o Saint Lawrence Island, it is
crossing territory without a simgle fixed landmark. It can-
not look down and say, 0h, T remember those waves from
the last time." | hope that the editors mean that a bird mi-
grating over the trackless Pacific is not fosr—that it will
eventually reach the right destination. But to equate "not
being lost™ with being in *familiar territory™ seems an ob-
stacle to rational analysis,

In the section on navigation, orientation, and piloting,
it 15 suggested that the “preferred direction™ sense of ani-
mals may be the same as the feeling that some people have
of always being drawn to & particular area. 1 am nod one
to cavil at anthropocentricity —some animals are obvi-
ously more anthropocentric than people—but it can cause
trouble, The danger in this use of “preferred direction™ is
the implication that navigating animals are being drawn
toward gogls, To toy with that thought is bound to hinder
any orderly analysis of guidance mechanisms, Animals
in long-range migration are not traveling toward goals;
thew are merely reacting Lo successive environmental sig-
nals, in ways appropriate to fake them to goals. The two
ideas are worlds apart, and ought to be kept 50,

The editors of The Mystery af Migration have of fered
few solutions to the problems they raise, and they may
have created a few problems themselves, But the book
seems sure (o find a wide audience and to stir its readers
with a healthy uneasiness over our feeble understanding
of the imposing puzzles that it describes, Even if some of
the mysteries are solved by future generations of sclen-
tists, migration will always remain one of the most armest-
ing leatures of animal behavior, O



