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Particle physics is devoted to the search for basic laws
governing the structure and behavior of matter. Physi-
cists, breaking matter down into ever smaller parts, have
had to employ machines of correspondingly increasing
energy: at most, some tens of thousands of electron volts
for the examination of atomic structure, millions of elec-
tron volts for investigating the structure of the atomic
nucleus, and finally billions of electron volts for the study
of the subnuclear particles. The number of particles dis-
covered at the highest attainable laboratory energies has
risen steadily in the last several years, and their abun-
dance and complex behavior have not yet been satisfac-
torily explained. There is evidence, however, for an un-
derlying order that may ultimately lead to a simple
understanding of the fundamental laws of subnuclear
structure. These trends were reviewed in a half-hour
film, “The Particle Jungle,” recently produced for general
television viewing by the American Institute of Physics
in cooperation with Channel 13/wNpt, and shown in
Caspary Auditorium last November. The participants in-
cluded Dr. Puais, together with Maurice Goldhaber of
Brookhaven and L. M. Lederman of Columbia. The com-
mentary by Dr. Pais has been adapted from the film tran-
script for publication here.

THE PARTICLE JUNGLE

BY A.PAIS

THE PRESENT STATE of particle physics is reminiscent
of the situation in chemistry about eighty years ago,
at which time there were some ninety elements or-
dered in the periodic table of atoms by similarities in
their properties. There were gaps in the original ta-
ble which led one to suspect unknown elements, and
these, indeed, were found later. In physics we now
have some one hundred subnuclear particles, and
here also we try to order them in groups of particles
with similar properties. For this purpose it has been
necessary to invent by trial and error entirely new
rules of similarity. If one such rule leads us to sus-
pect unknown particles, and if these are subsequent-
ly found, then we say that the rule looks good. And
we go on to find even more comprehensive rules.
Well, let me go back a little bit and let me talk
about the atom. When the periodic table was con-
ceived, atoms were still thought to be something in-
divisible and about 10— inches in diameter. Then,
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early in this century, beginning with Rutherford and
Bohr, man learned to look inside the atom and found
it to be a very structured object with the electrons
orbiting around the central body, the nucleus. A re-
fined kind of mechanics was needed to understand
this structure. This revolutionary new mechanics is
the quantum theory.

The core of the atom, the nucleus, is a hundred
thousand times smaller than the size of the atom.

ORBITING

ELECTRONS

% NUCLEUS

N

And at first, little was known about the structure of
the nucleus. But man learned to look in even closer,
and as early as 1932 it turned out that the nucleus
also was quite complex. It consists of two kinds of
particles — the proton and the neutron — which col-

NUCLEUS

lectively are called baryons —meaning in Greek
“heavy particles,” heavy, that is, compared to the
electrons. These two kinds of baryons have about
equal mass but a different charge.

And so by the forties we had the idea that maybe
matter had been broken down to a few ultimate

building blocks, the electron and the two baryons —
the proton and the neutron. But then, starting some
fifteen years ago, a sequence of discoveries began
that had not been dreamt of in anybody’s philosophy.
We found that there are not just two baryons but a
whole family of them —shown here with their code
names. These new forms of matter are all quite un-
stable; they live for only 107'° seconds, or even
much less.

So life was fairly simple before these additional
baryons were found. We thought we were on our
way to the ultimate in the structure of matter.

How were these baryons found? In a figure of
speech, by looking very closely. We look into the
atom by making it glow; we excite it by collisions
with projectiles and then study the effect of the im-
pact. It is a rule of physics that the smaller the object
one wants to look at, the higher the energy of the
projectiles must be. To look in detail into the nucleus
requires much higher energies than ever before be-
cause the nucleus is so much smaller. So physicists
have been building machines at higher and higher
energies for close examination of the heart of mat-
ter. The first new baryons were found with high
energy cosmic rays which hit the earth from outer
space. In the early fifties the first sufficiently ener-
getic accelerator was available to study these new
forms of matter under controlled conditions.
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Around 1950 we knew of a second small group of
particles — the mesons. We thought there were only
three of them in the early fifties. But again, the new
accelerators soon showed that there are many kinds
of mesons.

Finally, in another very significant development,
we discovered that there is in fact a third family, a

m‘:: — "!7? “ 5 o
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small one, the so-called leptons or light particles.
The two more familiar ones are the electron and the
neutrino. In addition there is the muon, and now it
turns out that there exist two distinct kinds of neu-
trinos.

Finding these new forms of matter is exciting. It is
also disquieting. Things are not nearly as simple as
they seemed in the late 1940’s. It is a basic creed of
physics, as of other sciences, that Nature’s ultimate
design is simple. If somefhing does not look simple it
usually means that we have not reached the bottom
of it. No one can prove that Nature must forever be
simple, b}lt this drive to simplicity has been an un-
failing guide for 300 years of development in phys-
ics. We must continue to follow its lead.

So we are led to the belief that behind the complex
code of the particles there is a newer, grander design.
Just as we could not understand the periodic table
until we learned to look inside the atom, so we now
believe that we will not understand the particle table
until we can look closely inside the particles, inside
such extremely small objects as the protons them-
selves. This exploration is now underway, and the
time is near for building still stronger accelerators
for an even more penetrating closeup view of matter.

What do we hope to find this way? Perhaps there
will be further additions to the particle table. But
that is not the essence of the search. We are traveling
inward because we want to find the new laws of na-
ture that rule this subnuclear world. These new laws
should comprehend and refine the now familiar ones.
They should explain the rules of similarity or sym-
metry which I mentioned at the beginning. We also
seek for more unity. A hundred years ago we learned
that two kinds of forces— electric and magnetic
forces —are really one and the same thing. We now
seek likewise for a unification of different subnuclear
forces, a unified idea that may show these forces to
emerge from one much more comprehensive princi-
ple. We want to know if there are more ultimate
forms of matter, never yet seen.

And so we have been traveling from molecular
physics to atomic physics to nuclear physics to the
present frontier of particle physics in order to an-
swer the age-old question: what is the stuff that mat-
ter is made of? We have made good progress in
the last fifteen years. But there is still very much to
learn.
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INSTITUTE FOR
RESEARCH

IN ANIMAL
BEHAVIOR

AN AUSPICIOUS COLLABORATION

THE BIOLOGICAL BASIS of behavior — why men and
animals behave as they do —will be intensively in-
vestigated through a unique program of cooperation
between the New York Zoological Society and The
Rockefeller University. After a year of discussion
and planning, President Bronk and Fairfield Osborn,
President of the Zoological Society, announced on
December 10, 1965 the establishment of an Institute
for Research in Animal Behavior which brings into
active partnership two institutions with great poten-
tial for mutual reinforcement in a symbiotic approach
to some of the most significant questions that face
biologists. This institute will be a group of scientists
holding joint or separate appointments on the faculty
or staff of the University or the Zoological Society
who cooperate in research and teaching in the field
of animal behavior. The Institute will seek to make
more effective use of the resources of both institu-
tions rather than set up any sort of separate cor-
porate structure. This collaborative enterprise will
make available to the faculty and students of the
University living material and research opportunities
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not available to any other university, and at the same
time enhance the scientific utilization of the Zoolog-
ical Society’s collections of living animals by facil-
itating their contribution to behavioral research.

Most of the exciting new developments in biology
during the past twenty years have involved more
and more sharply focused analysis of cells and their
molecular components. But no matter how perfectly
they function internally, billions of cells fail to make
up a living animal unless organized into an appro-
priate biological pattern. This kind of appropriate-
ness involves properties of whole animals not readily
predictable from analyses of such components as
mitochondria or enzymes. Physiologists and devel-
opmental biologists are also deeply concerned of
course with the “sociology” of cells and organs, but
beyond their customary level of analysis lies a whole
spectrum of truly biological problems involving the
uses made by animals of the complex machinery at
their disposal. It is at this level that a new biological
discipline is taking shape. Some of its roots lie in
comparative psychology, sometimes it is called “ethol-
ogy, but it is more often known simply as the study
of animal behavior. Regardless of semantics, the
basic goal of this kind of biological investigation is to
understand why, out of all the actions an animal is
capable of carrying out, it usually does in fact select
certain characteristic patterns of behavior.

The optimal investigation of animal behavior re-
quires appropriate institutional ecology which dif-
ters in some respects from the combinations of human
talents and physical facilities assembled in conven-
tional universities. A first prerequisite is an abundant,
diversified pool of healthy, normally behaving ani-
mals for study. Another requirement is close contact
with the whole cluster of resources essential for
modern research in experimental biology — includ-
ing biochemistry, neurophysiology, electronics —
plus extensive library resources. Equally essential
are two intangible ingredients: a flourishing intel-
lectual climate conducive to creative investigation
and scholarship, and the indispensable insights of
zoologists who know the animals they study.

These considerations have led to a recognition by

the Trustees of the two collaborating institutions that
the basic purposes of the Institute for Research in
Animal Behavior are “first, to combine the relevant
resources, both physical and scientific, of the New
York Zoological Society and Rockefeller University to
carry out cooperative investigations of the behavior
of living organisms, the influence of environment on
behavior, and the relevance of animal to human be-
havior; second, to enhance the effective use of the
New York Zoological Society’s large and diversified
collections of living animals, both terrestrial and
aquatic, in scientific research into their normal pat-
terns of behavior and the influence of environmental
conditions on behavior; third, to provide opportuni-
ties for the faculty and students of The Rockefeller
University to study animals in varied environments,
including their natural habitats and approximations
thereto; and fourth, to strengthen the combined
staffs by joint appointments to the faculty of The
Rockefeller University and the staff of the New York
Zoological Society.”

Joint Appointments

The joint appointments include Professor Donald
R. Griffin, who is the Director of the new Institute
and is already at Rockefeller (July-August 1965 Re-
view, pages 1 and 11); together with Professor Peter
Marler, Assistant Professors Fernando Nottebohm,
Richard Penney, and Roger Payne, who will arrive
this summer (see “New Appointments,” page 21).

At Rockefeller University where experimental bi-
ology has flourished over the same period of time
that the Zoological Society has been in existence, the
Institute for Research in Animal Behavior is related
to the overall development of research and teaching
in the behavioral sciences under the general cogni-
zance of Dr. Carl Pfaffmann, recently appointed Vice
President of the University. In addition to his ad-
ministrative concerns Dr. Pfaffmann is also pursuing
his own investigations into physiological psychology
of the chemical senses with particular reference to
the behavioral patterns motivated by taste and ol-
factory stimuli in animals and men. Another senior
appointment in psychology is that of Professor Neal
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Presidents Osborn (left
and Bronk (right)

with Professor Griffin
at a press conference
for the new Institute
for Research in
Animal Behavior

The creation of this new Institute means more, we may
hope, than the launching of but one more effort to ana-
lyze animal behavior as such. The horizons it intends to
explore are less limited than those that may be viewed
within a laboratory and, in turn, more specific than those
within the boundless expanses of nature. The goals of
understanding the Institute seeks to reach concern the
behavior of all living organisms, whether animal or hu-
man. It recognizes the many similarities between both,
inherited and melded through countless past ages.

The arrangement by which The Rockefeller Univer-
sity, with its great reservoir of scientific talent, will work
in partnership with our Zoological Society fustifies the
hope that our combined efforts will yield rich results
through gaining greater knowledge of the motivations
and actions of all living organisms, and thus add to the
betterment of human life.

FamrieLp OsBORN, President
New York Zoological Society

Man’s enduring curiosity about the behavior of animals
is reason enough for the creation of this Institute. But it
has an especial and urgent significance too in these times
when science and technology enable man to change and
profoundly reshape the surface of the planet on which we
live with other creatures. As we thus alter the physical
and social forces to which all living beings are subject,
we affect the processes of life and the patterns of behav-
ior. From the study of how animals behave in their nat-
ural environment and how changes in the environment
affect their behavior, we may gain precious clues to the
determinants of our own behavior. And then perhaps
man will use more wisely his vast new powers to plan the
modification of his surroundings and the forces of nature
that control him.

When I first discussed this cooperative undertaking
with Professor Dubos, his perceptive vision moved him
hopefully to say: “I have no doubt that we shall soon wit-
ness a new revolution in biological thought and a reorien-
tation of biological research if we can provide an intel-
lectual home and research facilities for the study of the
response of the living organism to its total environment.”

DeTLEV W. BrONK, President
The Rockefeller University



E. Miller (see page 21), who will continue his stud-
ies on the mechanisms of learning and motivation
and on the behavioral effects of direct brain stimula-
tion in freely moving animals. New laboratories in
Theobald Smith Hall and East Laboratory (still un-
der construction) are either already in use or al-
located for research in physiological and experimen-
tal psychology, behavioral biology, neurophysiology,
and related fields.

These new appointments and facilities will assure
a significant extension of the University’s graduate
teaching and research into the behavioral sciences.
As biological investigators come to grips with the
problems of behavior during the next several years,
they may confidently be expected to rely upon dis-
coveries of biochemists, neurophysiologists, and en-
docrinologists just as molecular biologists have based
their work on previous progress in the physical
sciences. The graduate students of The Rockefeller
University form an ideal company of future investi-
gators from which leaders in this important field of
biology are likely to arise. Thus the laboratories of
The Rockefeller University, and their many distin-
guished occupants, provide an ideal base from which
investigators can explore the unknown and difficult
territory of behavioral phenomena.

But a secure base does not suffice to assure crea-
tive exploration. There must also be a potentially
fruitful wilderness accessible for conquest. Experi-
mental investigation requires abundant and repre-
sentative samples of the phenomena under scrutiny.
It was because marine organisms provide invaluable
research material for many areas of experimental
biology that the Marine Biological Laboratory at
Woods Hole, and many similar institutions else-
where, were established to bring together the ap-
propriate scientists, living material, and environment
for creative research. The optimal study of animal
behavior requires innovations comparable to Agas-
siz’s first marine laboratory on Penikese Island in
Buzzards Bay in 1873.

Enterprising explorations are traditional in the
New York Zoological Society’s studies of animals in
their natural environments and in the very closest
approximations to nature that ingenuity can devise.
For more than fifty years the Society has sponsored
pioneers in the study of animal behavior, and many
of its operations have opened up entire new areas of

investigation previously considered as wholly vision-
ary. Beginning in 1899 and continuing until his death
in 1962 William Beebe led expeditions to places as
far apart as the Galapagos and the Himalayas, estab-
lished several successive tropical field stations, and
descended into the ocean to record depths during
the 1930’s in his famous bathysphere. The basic ob-
jective of all these expeditions, and of the Society’s
Department of Tropical Research which he directed,
was to understand how animals actually live and be-
have under natural conditions. This tradition of ad-
venturesome research extended from the social be-
havior of(birds in tropical rain forests to the lumines-
cence of deep-sea fish. Within the past few years the
Society has sponsored Margaret Altmann’s observa-
tions of the social behavior of moose in Wyoming,
George Schaller’s investigations of gorillas in Africa,
and Carleton Ray’s studies of acoustic communica-
tion and diving behavior of Ross and Weddell seals
under the Antarctic ice shelf.

Park and Aquarium

The Zoological Society will also provide the new
research institute with an invaluable background of
practical know-how in the care and maintenance of
animals. This reservoir of experience is based not
only on the reptiles, birds, and animals at the Bronx
Zoological Park, but also the fresh and salt water
fishes and marine mammals at the New York Aquar-
ium, which is just expanding its research program
through the construction of the Osborn Laboratories
of Marine Sciences. The Society is remodeling a
building at the Bronx Park which will provide about
3000 square feet of working space that is well adapted
by construction and location for experiments with
living animals other than the conventional labora-
tory animals that can be properly cared for on the
University’s midtown campus. In this behavior labo-
ratory close to the Bronx Zoo, and in the ample out-
door space surrounding it, animals can be reared and
maintained with the close collaboration of the ex-
perienced curators and keepers. These men have
unique abilities for creating conditions where hun-
dreds of species of mammals, birds, and reptiles not
merely survive in good health but exhibit courtship
and breeding behavior. This building is the former
Farm-in-the-Zoo, which was constructed of solid
masonry by the Works Progress Administration
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during the late 1930’s. The behavioral research area
while close enough to the Zoo to permit collabora-
tive work by the curatorial and animal caretaking
staff, including the animal hospital, will ordinarily
not be open to the public, because controlled be-
havioral experiments and public exhibition cannot
be successfully combined.

The Institute for Research in Animal Behavior will
also include from the very start a vigorous program
in animal behavior already under way at the New
York Zoological Society’s William Beebe Tropical
Research Station in Trinidad, page 10. Courtship,
communication, mimicry, orientation, and color vi-
sion are all being studied experimentally under op-
timal, natural conditions by Miss Jocelyn Crane and
by visiting scientists from several universities in the
United States and elsewhere. Miss Crane’s research
has elucidated many patterns of animal behavior
that are largely hereditary and little affected by
learning, such as the signaling system by which male
fiddler crabs wave their enlarged and specialized
claws to threaten rivals or attract mates. These dis-
plays are ritualized in characteristic ways that vary
with the evolutionary relationships between the
many kinds of fiddler crabs throughout tropical
areas.

The Beebe Station is located in forested hills of
Trinidad in the midst of an abundant fauna of neo-
tropical birds, bats, reptiles, amphibians, insects,
spiders, and many other animals. The Station in-
cludes several small buildings with comfortable liv-
ing quarters, simple laboratories, and air condition-
ed rooms where electronic and optical equipment
can be protected from the insidious deterioration so
characteristic of the very tropical climate necessary
for the rich fauna. There are numerous cages of sev-
eral sizes, some wholly out of doors, and others with
roofs to protect them from the rain (and falling ma-
hogany nuts) but otherwise accessible to the full
flavor of the tropical environment. Immediately ad-
jacent to this natural environment and fauna, mod-
ern analytical facilities such as storage oscilloscopes
or instrumentation tape recorders, are used for phys-
iological experiments when these are needed for the
well-rounded investigation of animal behavior. No
attempt is made to duplicate work better done in
ordinary laboratories, but many problems of behav-
ior are being solved by the interplay at close range

of behavioral and neurophysiological techniques.
For example, Miss Crane had worked out several
years ago the essential role of colors in the social be-
havior of butterflies of the genus Heliconius, in par-
ticular the genetically programed recognition of
the species-specific color patterns that release court-
ship behavior and mating, page 10. More recently
Dr. Stewart Swihart from Lehigh University and the
State College at Fredonia, New York has investi-
gated the neurophysiology of color vision in these
butterflies. While action potentials from the com-
pound eyes themselves do not differ appreciably in
any of the species he has studied, Dr. Swihart’s elec-
trodes have recorded electrical responses from cer-
tain parts of the minute brains of these butterflies
which appear to be selectively responsive to the
same wavelengths of light that release courtship be-
havior most effectively. He is thus progressing to-
wards a physiological identification of the neural
mechanism that controls a species-specific courtship
reaction to colors. Not only does his work require an
abundant supply of healthy butterflies capable of
normal courtship behavior, it received its initial im-
petus from and is continually strengthened by the
closely relevant behavioral studies under way at
the Beebe Station. Comparable opportunities await
future investigators of many other groups of animals
that display characteristic behavior patterns ame-
nable to behavioral and physiological analysis.

Noctilio leporinus

Professor Griffin has carried out many of his recent
experiments with the natural sonar systems of bats
at the Beebe Station. When his book Listening in the
Dark was published in 1958 one of the unsolved prob-
lems of echolocation behavior was the ability of
certain tropical bats to catch small fish by reaching
down just below the water surface with specialized
hind claws that form miniature gaffs. It was not
known whether these bats could project their ultra-
sonic signals through the water surface and hear
echoes from submerged fish. The best known fish-
catching bat, the bulldog bat Noctilio leporinus, is
available in Trinidad. Using facilities of the Beebe
Station, Dr. Griffin and Roderick Suthers of Harvard
and Indiana Universities showed that while these
bats failed to detect wholly submerged fish except
by random dragging, they could locate extremely
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tiny objects at the water surface and even discrimi-
nate details of surface topography by echo, page 10.
For instance, blinded bulldog bats consistently lo-
cated a wire 0.2 millimeters in diameter protruding 5
millimeters above the water, after being trained
that this tiny wire marked the location of a barely
submerged piece of fish that was otherwise undetect-
able. In further experiments bats went on to learn
that a single 1.3 millimeter wire marked the location
of a submerged morsel of fish, but that a closely
spaced pair of 0.9 millimeter wires yielded nothing.
This discrimination by echo is especially significant
because the echoes from the single and double wire
differ only slightly. Under natural conditions fish
and insects create millimeter sized irregularities at
the water surface which these bats distinguished in
the dark from inedible floating debris such as leaves,
twigs, or bubbles. Human blindness would surely
be far less of an affliction if comparable acuity of
echolocation could be transposed from the common-
place behavior of bats to a practicable procedure for
the use of blind men.

While the ultrasonic sounds bats use for echoloca-
tion are absorbed in the air too rapidly to be effective
beyond a few tens of meters, some bats migrate for
hundreds of miles every spring and fall, and homing
experiments have demonstrated returns of marked
bats released as much as 250 miles from home. Al-
though highly adapted for short range orientation
by echolocation, bats must have other means of find-
ing their way over long distances. Dr. Griffin and
Rockefeller graduate student Timothy C. Williams
are studying long range orientation of bats by means
of homing experiments based at the Beebe Station in
Trinidad. The abundant Trinidad bat fauna includes
a large (8o gram) species, the spear-nosed bat Phyl-
lostomus hastatus, that homes much more faithfully
than the bats studied previously in temperate lati-
tudes. Its size permits many procedures which would
be out of the question with the 5-to-15 gram bats
available in the eastern United States. Under favor-
able conditions half or more of these spear-nosed
bats return home from twenty miles within a few
hours. Experiments with blindfolded bats, and con-
trol animals fitted with goggles of the same size and
weight, have shown that vision is essential for rapid
homing from 15 to 20 miles. To learn more about this
poorly understood type of orientation behavior,

eight gram radio transmitters are now being pre-
pared by the Rockefeller University Electronics
Laboratory, and pilot experiments have already
demonstrated that “radio tagged” bats find their way
home and can be located from distances of a mile or
more. This concurrent circuit development on Man-
hattan Island and field zoology in the tropical rain
forest, are typical of the diversified enterprises that
must often cooperate in order to solve fundamental
problems of animal behavior.

Bird Song

Peter Marler, who will become a professor in The
Rockefeller University on July 1, and like Dr. Griffin
a member of the Institute for Research in Animal Be-
havior, is deeply concerned with the experimental
analysis of communication behavior in animals. He
will continue to investigate the relative importance
of learned and genetically determined elements in
the social signals used by a variety of animals, but
will emphasize bird songs as a favorable case for
detailed analysis. Unlike Arthropods where learning
has only a minor role, a bird’s singing at maturity
may be strongly influenced by the sounds heard dur-
ing its youth. In continuing his previous work on
bird song, Dr. Marler will have laboratory facilities
at The Rockefeller University, and also adequate
space for rearing and studying birds at the behavior
laboratory and adjacent outdoor working space at
the Zoological Park. The birds in the Bronx Zoo lay
hundreds of eggs each year, many of which are
hatched either by the parents or in incubators. Dr.
Marler can thus isolate numerous species under con-
trolled conditions before their first peep, and raise
them in experimentally devised environments with
any desired companionship or isolation from the
songs of their own or other species. Spectrographic
analysis of the songs of different species and hybrids
between closely related species with distinct songs,
along with the influence of individual experience,
will also help determine the genetics of song pattern.
Since the curators and animal keepers are experts in
the breeding and care of so many species of birds,
there will be no need to recapitulate the whole his-
tory of zoo keeping.

Dr. Marler and his associates plan to investigate
the neurophysiology of sound production and song
recognition in birds, studying the developmental
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Bats show remarkable ability to fish by echo-
location. Discrimination tests were carried
out in total darkness.

LerFT: Trinidad field station of the
Zoological Society, 1957. View of lab-
oratory, insectary (inright foreground)
and living quarters. Dr. Beebe is ac-
cepting a gift of insects. ABOVE: Joce-
lyn Crane paints surfaces of butterfly
wings to test color responses.



A rare Antarctic Ross seal.

Penguin at upper right is in ecstatic display.

Barn owl, photographed in the dark by
infrared-sensitive film, about to pounce.
BELOW: pattern made by claws of striking
owl maximizes its chances for fastening at
least one talon into a mouse.



stages through which the brain passes as the bird
attains increasing auditory capability. Especially im-
portant in these studies is an experimental control of
the degree to which the developing bird can hear its
own vocalizations. Dr. Nottebohm and Professor
Marler have been analyzing the role of auditory and
proprioceptive feedback in the sound production in
birds. This type of work will doubitless result in fruit-
ful new directions of inquiry when carried out in the
collaborative proximity of physiological psycholo-
gists, neurophysiologists, and neuroanatomists.

Dr. Penney has studied the celestial navigation of
Adelie penguins in the Antarctic, and he will con-
tinue these investigations on captive penguins at the
behavior laboratory in the Bronx Park. When these
penguins are transported away from their nesting
colonies and released in flat, featureless terrain, they
start walking in the direction which would take them
to the sea if they were in their home longitude,
page 11. This orientation occurs only when the sun is
visible. Although this initial heading may not be to-
wards home, if the penguins have been displaced to
distant parts of the Antarctic continent, many of
them eventually make their way home by swimming
hundreds of miles along the coast. Penguins are
highly specialized birds which are persistent and, of
course, unable to fly —qualities which make them
promising experimental animals. Dr. Penney plans
to construct in the Bronx Park a dome-shaped sun
simulator, 75 feet in diameter, in which he will study
the behavioral and physiological bases of sun orien-
tation.

Sun Orientation

Honeybees and certain other animals that display
sun compass orientation are able, in appropriate ex-
periments where they cannot see the sun, to extrap-
olate its apparent movement in an arc across the
sky. In such experiments the animal’s directional
choices with respect to a real or simulated sun are
tested after it has not seen the sun for several hours.
The direction of this extrapolated movement seems
to be learned, at least in honeybees. Of course the
apparent direction of sun movement is opposite in
the Northern and Southern Hemispheres, and one of
the experiments on Dr. Penney’s agenda will be to
determine how penguins transported from the Ant-
arctic without any view of the sun will react to the

Northern Hemisphere sun movement. This will be
of especial interest because, unlike bees, the Ant-
arctic penguins as a group have been confined to
high southern latitudes for millions of years. It would
be significant if so specific a behavioral character as
the direction in which the sun is “expected” to move
across the sky should prove to be genetically fixed in
penguins as a result of their evolutionary history.
Once the new facilities and research programs are
well established, solid facts should begin to replace
speculations.

Owls and Moths

Dr. Payne is concerned with the mechanisms of
localizing sound sources in two very different ani-
mals which are alike in that both fly and both de-
pend heavily upon auditory localization in their nor-
mal lives. Owls can fly twenty feet or more in total
darkness and impale a mouse with their talons,
guided only by the rustling sounds it makes moving
among dry leaves. They can also strike loudspeakers
broadcasting recorded mouse rustlings in total dark-
ness, page 11. The soft feathers of an owl’s face con-
ceal effective sound-collecting “horns™ formed from
stiff feathers around each ear. Unlike mammals, owls
have assymetrical external ears, which may well be
involved in producing the assymetrical patterns of
directional sensitivity which Dr. Payne has meas-
ured in his owls. He also plans to extend his previous
experiments by considering whether an owl can de-
termine the distance as well as the direction to its
prey in vertical as well as horizontal planes. And
he will continue his functional comparison of owls’
directional hearing with the rather different auditory
systems of noctuid moths which can hear the so-
nar signals of approaching bats and start evasive
flight maneuvers that sometimes enable them to es-
cape the bat’s acoustically guided pursuit. Building
on the previous work of Roeder and Treat, Dr. Payne
has shown that despite its simplicity in having only
two auditory neurons from each ear, the moth’s audi-
tory system can nevertheless achieve directional dis-
criminations. This is probably accomplished through
differences in directional sensitivity patterns as the
moth’s wings move up and down, casting a fluctuat-
ing acoustic shadow over the ears themselves. These
experiments will be significantly related to Dr. Grif-
fin’s continuing studies of the discriminative abilities
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of echolocating bats, and there will thus be adequate
representation of both the predators and the prey in-
volved in this competitive evolution of offensive and
defensive tactics over millions of years.

Because so many fascinating behavior patterns are
exhibited by various flying animals — birds, bats, and
flying insects are expected to receive considerable
attention in the near future, but many other kinds of
animal behavior will doubtless be investigated with
equal enthusiasm as research interests expand in var-
ious significant directions. One further type of re-
search with flying animals has been initiated, how-
ever, and this is uniquely suited to the combination
of facilities available at The Rockefeller University
and the New York Zoological Society. Dr. Griffin is
preparing to study the flight behavior of birds and
bats in an especially developed wind tunnel. The
basic idea is simply to elicit normal flight in a mov-
ing air stream where the flying animal maintains it-
self in approximately the same position and is thus
available for closer observation, photography, and
experiment than is feasible with an experimental
animal moving rapidly in three dimensions. Prelimi-
nary tests are under way on the sixth floor of Theo-
bald Smith Hall, employing the blower from a Navy
wind tunnel loaned by the Engineering laboratories
of Columbia University. This is intended only for
preliminary tests to learn what general sort of wind
tunnel will be best adapted to the behavioral reac-
tions of birds or bats. The varied collections of liv-
ing birds at the Bronx Zoo will be drawn upon,
cautiously, in an attempt to find species adaptable to
this unusual type of flight. It may prove helpful, or
even essential, to provide visual simulation of a mov-
ing ground below the bird. Variations in flight speed
will almost certainly make problems. Initially a di-
vergent air stream with a velocity that varies along
the direction of flow will be tried, rather than at-
tempting to regulate the air flow rapidly enough to
compensate for variations in air speed of a small
bird. In such a flow with varying velocity the bird
or bat should be able, within limits, to find air mov-
ing at its preferred air speed, moving forward if it
gains speed, or drifting back if it slows down slightly.

Once normal flight behavior has been elicited in
a wind tunnel, many new sorts of experiments will
become feasible. The directional pattern of the
emitted orientation sounds of bats have never been

measured in any satisfactory fashion, but this will
become much simpler if the bat flies and emits its
sonar signals from a fixed position around which
multiple microphones can be set up, rather than
hoping the bat will cooperate by flying through just
the right point, heading in the precisely desired
direction, and emitting a typical orientation sound
at just the critical moment when it is equidistant
from three or more microphones. How do the insect-
catching maneuvers of insectivorous birds, which
are presumably visually controlled, compare with
the intricate pursuit maneuvers of bats that are
guided by echoes from the insect prey? A more am-
bitious and uncertain objective in developing the
wind tunnel for bats and birds is the hope that even-
tually celestial navigation or other factors that direct
migratory and homing flights over long distances
can be studied during actual flight. Previous work by
Gustav Kramer, Franz Sauer and others with orienta-
tion cages has been confined to birds fluttering in
small circular cages that allow no appreciable for-
ward motion (July-August 1965 Review, pages 1-3).
Ideally a bird exhibiting migration restlessness
should be able to fly for long periods as it would
in nature. Can the still embryonic wind tunnel be
adapted in time to allow would-be migrants not only
to fly for some hours, much as dogs willingly exer-
cise on a treadmill, but also to allow the birds to
choose their direction of flignt?

Promising Prospects

As in the case of Dr. Penney’s penguins when they
are first faced with the Northern Hemisphere sun,
the actual results cannot be predicted with any con-
fidence. If the outcome were predictable, research
would thereby cease to be research. Investigations of
animal behavior require detailed planning to be ef-
fective, but the plans must always be subject to in-
stant, and often drastic, modifications on the basis
of current findings and new ideas.

The Institute for Research in Animal Behavior is
designed to bring together inquiring zoologists, a
smorgasbord of healthy animals capable of normal
behavior, and all necessary facilities and stimulating
colleagues to encourage original discoveries. The
ingredients are unrivaled, the blend is a new and
promising one, and the prospects appear uniquely
auspicious.
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CROZIER UNCOILIQ OF FERNS
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ONE OF THE earliest promises of spring is the sight
of clusters of fiddleheads raising their coiled tops
above ground. Although once far more popular than
now, the young leaves of a number of ferns are still
collected during the early spring months, cooked like
asparagus, and eaten. In fact, one speciesis still com-
mercially available from a cannery in the province of
New Brunswick. Years ago the young coiled leaves
were served as a delicacy at the best hotels in New
England and New York but have now disappeared
from menus. Interestingly, even the name “fiddle-
head” seems to be disappearing. Although used by
the Scottish naturalist James Hardy in 1881, the
name is unknown to most botanists in Britain today.
Nearly all of the 10,000 known species of ferns
have their young leaves coiled into fiddleheads, or
croziers, as they are called by botanists. This trait of
coiled leaves seems to be very old, in an evolutionary
sense, as evidenced by its presence in many fossils.
Indeed, some of the earliest vascular land plants,
such as the ancient relatives of the ferns, Asteroxylon
elberfeldense, Psilophyton princeps, and Protopteri-
dium, had crozier-like structures. A few scattered
exceptions, such as the familiar bracken fern, the
staghorn fern, and various species of Pteris and
Hemionitis, do not have true fiddleheads.
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A small number of flowering plants do have young
coiled leaves. Some of these flowering plants are in
the insectivorous group. Also, the young floral stalks
of plants such as heliotrope, forget-me-not, and
Phacelia are coiled. The scientific name of the forget-
me-not, Myosotis scorpioides L., given by Linnaeus,
alludes to the scorpioid, or coiled, appearance of the
inflorescence. As older buds along the outer cycle of
such an inflorescence begin to bloom and develop
fruits, the coil starts to unwind and becomes a more
or less straight stalk, as illustrated on page 16.

The young leaves of many of the ferns growing
in our American forests develop underground for
as long as three or four years. Then in the final
season the leaves burgeon rapidly, push above-
ground, and in a few weeks of growth and uncoiling
are transformed into mature fern fronds. Taylor
Steeves, Ian Sussex, and James Caponetti have shown
that young embryonic fern leaf primordia may be
surgically removed from the shoot and grown ster-
ilely in tissue culture. Even in sterile-culture flasks,
tiny, immature, isolated leaves grow and uncoil in a
manner quite similar to that of intact leaves. So it
appears that at a very early stage the embryonic leaf
possesses the necessary developmental information
to complete its morphogenesis. Indeed, Steeves and
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his colleagues have succeeded in growing tissue-cul-
tured fronds all the way from tiny primordia to
fronds bearing their reproductive organs, sporangia.

Despite the centuries-old familiarity of the sight
of fiddleheads, the developmental physiology of their
formation and of their uncoiling and expansion until
the last few years has been almost unexplored. Re-
cently, Winslow Briggs and Taylor Steeves of Har-
vard University, and the present author working in-
dependently at Rockefeller, determined some of the
physiological and cellular events which underlie the
uncoiling of croziers. The Harvard group conducted
experiments with the cinnamon fern, Osmunda cin-
namomea L., common throughout the woods of east-
ern United States and Canada. My own studies were
mainly of the giant tropical tree ferns Cibotium and
Alsophila. In each of our studies, work began by ex-
amining the over-all development of the growing
frond and then the underlying physiology of the un-
coiling.

Crozier-like structure of the fossil plant Asteroxylon
elberfeldense, 350,000,000-year-old relative of the ferns.

Tightly coiled leaves of insectivorous plants: a sun-
dew, Drosera pygmaea, left, and Byblis linfolia, right.

In order to obtain an idea of the rates of growth
and uncoiling of the young fern fronds, a simple and
familiar technique was used. Just before the young
croziers were about to begin rapid growth, the dry
hairs and scales which cover the croziers were care-
fully removed. Zones of the abaxial, or back, side of
the rachis, shown on page 18, were marked with
India ink. By careful work it was possible to mark
zones almost all the way to the tip of the crozier —
the tip which would eventually be the end of the
frond. Approximately every other day, each zone
along the rachis was measured with a flexible tape
measure and the relative positions of the zone with-
in the crozier were noted. Representative results are
shown on page 17.

For example, curve 12 is parallel to curve 11 until
the twenty-fifth day, indicating that no growth took
place in zone 12 on the abaxial side of the rachis. On
the twenty-fifth day, curve 12 diverges upward from
curve 11, showing that the zone began to grow in
length. The curves continue to separate until the
twenty-ninth day. Thereafter, curve 12 is once again
parallel to curve 11, growth having ceased. In sum-
mary, these variations reflect the fact that zone 12
was quiescent until the twenty-fifth day. At that time
the zone underwent a rapid burst of elongation for
4 days and finally ceased extending.

We see from this study several interesting facts re-
garding crozier growth. For more than a week, fol-
lowing <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>