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By E. LAURENCE
PALMER

FRIEND of mine has a canary with which she carries

on a one-sided conversation. She insists that the

canary understands what is said. I have long been

convinced that the canary has not the slightest idea what

I say to it, although I do not indulge in the high-pitched

““'baby talk” my friend uses. It is plain that certain phono-

. graph records, and some radio music, will stimulate this

canary to sing, while others produce no such effect. What
is the story back of all this anyway?

Most of us think that others see, hear, feel, smell and
taste much as we do. It is obvious that a dog can use his
nose more effectively than we can, but since he responds
to our spoken commands we think he hears as we do. It
is another story, but Lutz and others have shown us that
insects see through a different part of the spectrum than
we, and if such variations exist in the realms of smelling
and seeing why should not there be similar differences
in the realm of hearing? If those differences exist, some
understanding of them may help us more truly to ap-
preciate some of the things that are con- .
stantly going on about us. Such mastery
might even lead us to improve some of
our techniques used in carrying on com-
munications of various types.

The pyschologists have a field day when
they get to discussing sounds. They tell
us that there can be no sound in an empty
room because there are no ears there to
hear it, but a telephone diaphragm imbed-
ded in a wall on one side of the room
would pick up a knock on a door on the
opposite side, and this could be recorded
on a phonograph disc, and when played
later could be heard. This, however, im-
plies that the room has air in it, because
if there were no air, the sound of the
knocking would not cross the room. It is
difficult to accept the idea that no sound
takes place when there is no ear to hear
it. If this were true a person who has be-
come deaf might deny that there was any-
thing such as sound, even though his mem-
ory told him differently.

As a matter of fact, there are plenty

The author's friend gave her

canary credit for acute hearing.

The range of the goldfinch (be-

low) is between 2750 and 7400
cycles,
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The range of the horned owl's hoot is a most
restricted one as is shown on the chart on
pages 84 and 85,

of sounds that none of us ever hears, or ever will hear,
and there are some that only a few of us can hear. With-
in certain limits, we can improve our powers of hearing
and ‘interpreting sounds, and the rewards are almost in-
variably worth the effort.

Everyone should know how the keyboard of a piano
looks, and where to find Middle C on that keyboard. This
Middle C is pitched at the same key as the “hoot” of a
great horned owl. The physicist tells us that sound waves
pitched at Middle C would reach a given point at the
rate of 256 a second. While the Middle C tone is produced
by striking a key in the middle of the piano keyboard, it
does not represent a point between the extremes of high-
pitched or low-pitched sounds capable of production by
the human voice or heard by the human ear; and while a
domestic pigeon may hear it, it is doubtful if my friend’s
canary or the English sparrow or starling in my front
yard ever heard or ever will hear 2 Middle C tone. This
means that these birds would not be affected in the least
by the hooting of a great horned owl be-
cause they could not possibly hear it. If the
statlings were psychologists they might
even deny that the owl hooted because they
could not hear it do so.

The chart on pages 84-85 of this in-
sert shows the range of hearing of some
common animals and the range of pitch ‘
of the songs of some common birds. Some
of the things shown on that chart may be
surprising. One of the things that may
surprise my friend who talks to her canary
is that the lowest pitch at which a canary
can hear a sound is the highest C at which
a soprano can ever reach with her voice.
Maybe some of my friend’s “baby talk”
hits that point but I have my doubts. And
while the canary could get no information
whatever from the sounds we produce in
our ordinary conversation, neither can we
get any information at all through our ears
about some sounds that are perfectly
audible to the cats, rats, bats and dogs of
our neighborhood. While we can hear no
sounds ordinarily above six octaves above
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Middle C, bats produce and hear sounds in the eighth
and ninth octaves above that point. Dogs can hear sounds
an octave above our uppermost limit. Thus a whistle can
be made that will call a dog but be soundless to us. Rats
can hear sounds in the second octave above our uppermost
limit, and it is quite possible that they can carry on com-
munications by sounds that we can hear no better than can
the canary hear our conversation. Dogs can hear sounds
pitched up to 35,000 cycles per second; cats, up to 50,000,
rats up to 40,000 and bats carry on their acquaintance with
the world with some sounds pitched as high as 90,000
cycles per second. These last sounds are at least two oc-
taves higher than anything we could hear when we were at
our best.

At the lower end of the range
of hearing, we apparently can do
better than the dogs, cats and
rats. Just hit the bottom key on
your piano and you will hear a
sound that your dog or cat can-
not hear. Try some time to see if
you can make your dog or cat re-
spond to that sound.

Of course, just being able to
hear a sound is not wholly im-
portant. We happen to be at our
best in enjoying sounds around
Middle C,.but that is not the case
with the dogs, cats and rats. All
of them are at their best listening

The bat makes sounds that go beyond the range of
human hearing.

in the night, or with our eyes closed, we can tell something
of what surrounds us by the echoes that come to us when
we yell. In the old days, we used to yell down the rain-
barrel to notice how differently our voices sounded; but
for the most part we use our eyes instead of our ears to
help us find our way around in the daytime, and we hold
our hands before us to feel our way past the furniture at
night. Bats, on the other hand, let out a series of high-
pitched sounds as they fly about at night. Their hearing
is so keen that they can pick these sounds up as they are
reflected to them from objects and can fly to avoid touch-
ing even twigs and branches of trees. When bats fly in
the open, they give these sounds at the rate of about
twenty-five a second, but when
they are flying among obstruc-
tions they increase this to fifty
a second.

We must remember that not
all sounds produced by mammals
are produced by the vocal cords.
We clap our hands, stamp our
feet, grit our teeth and smack our
lips to make noises. Not a few
mammals produce sounds simi-
larly. Rabbits stamp their feet, as
do horses, bulls and some other
mammals, but it is difficult to
state definitely that they do this
to warn enemies or to inform
friends, or whether this com-

to sounds pitched higher than
those we enjoy. A dog is more
likely to be distracted by sounds
of a certain pitch. Cats are not so
easily disturbed. Cats are slightly
more able to distinguish minor
differences in pitch than are dogs,
but they lose that ability sooner
than do the dogs.

If we were to classify our com-
mon mammals, including our-
selves, on the basis of pitch of
sounds that they can hear, we
would have to put ourselves at a
lower level than the cats, rats,
bats and dogs.

We might ask at this point
why mammals make the noises
they do. Undoubtedly we have listened to political
debates, gossip parties, pep talks, and even some college
professors, and wondered why it was necessary for them
to make so much noise. Undoubtedly, it is for the purpose
of communicating something to some other animal, but
we know that is not always the case. Most of us like occa-
sionally to get off somewhere where we can just yell for
the sake of yelling. We like to sing our heads off in the
bathroom in the morning, and those who hear us may
wish us success in this effort. But few of us use sounds
for the same purpose that bats use it. If we move about
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The rat has a range in the high brackets, while the
crow (below) operates on a much more restricted
cycle.

munication is purely incidental.
We of course excel these other
mammals when it comes to
using tools to make sounds,
whether these tools are primitive
jungle drums, “hot” bands, or
exquisite violins.

Of course, the artists in the use
of sound among mammals are
the poets, the musicians and some
of the literary geniuses. To
them sounds are the vehicles
for the expression of the high-
er emotions. One of these writ-
ers exquisitely defines the
limit of his hearing when he
says:

“I hear a sound so fine there’s nothing lives
"Twixt it and silence.”

Poe either stretched his imagination, or was able to
hear some of the finer sounds of Nature, when he spoke
of “the murmur that springs from growing grass.” But
I think that Pope best considered the role of the artist
in the realm of sound when he said:

“Music resembles poetry; in each
Are nameless graces which no methods teach
And which a master-hand alone can reach.”




I do not care for Fuller’s attempt to bring Nature and
modern music together by saying: “Music is nothing
else but wild sounds civilized into time and tune.” Rather
I prefer such a viewpoint as was Carlyle’s when he said:
“See deep enough, and you see musically; the heart of
Nature being everywhere music, if you can only reach
it.” Possibly this attempt to get music and happiness
from Nature is what unites so many of us who have been
long interested in Nature Magazine. But we should not
try always to rationalize everything. As one writer has
said: “Music is not a science any more than poetry is.
It is a sublime instinct, like genius of all kinds.” Possibly,
this may help us understand
some of the sounds of Na-
ture although it admittedly
evades answering such ques-
tions as those dealing with
why birds sing, why crickets
chirp, why frogs croak and
what do songs, chirps and
croaks mean to anyone, any-
way.

Bird Sounds

It might be nice to think
that all bird ‘sounds were
purely expressions at the joy of living.
Surely the poets would have us think this.
But anyone who has listened to a barnyard
fowl knows that the sounds produced are
associated sometimes, at least, with an emo-
tional state, but that there are also more
practical uses, A mother hen calls her
chicks to her. She gives another sound
when a hawk goes by. When she is caught
before being killed for supper she gives
an entirely different sound, and when she
is bored with life you can tell it by the sound you hear
from the henyard.

It is absurd, with all these examples of different
sounds associated with different states of mind in a hen,
to assume that sounds produced by other birds are lim-
ited to any one purpose. It is true that probably the most
vigorous of bird songs are those given by the male bird
during the time of year when it has staked out and is
defending a home territory against the encroachments of
rival males of the same species. The intensity with which
these defense songs are given varies during the breeding
season, being most emphatic at the height of mating vigor.
Rather than being a song to please the mate or to win
her, it is probable that most songs are given for the pur-
pose of daring other males to come and fight, or in warn-
ing them against invasion of reserved areas. With many
species of birds, these songs are given from the highest
perch available, but this is by no means always the case.

Just as was the case with the mammals, many of the
sounds made by birds are not made with the vocal cords.
The best known exception is the drumming made by wood-
peckers on dead stubs or on metal roofs or even on metal

The red-eyed vireo has a good
call range.

Vespor sparrows have a versatile range, while
the wood peewee (below)} covers a more re-
stricted range.

cans. The drumming on the wood might be thought to
be secondary and merely associated with seeking food,
but this explanation does not help us understand the per-
sistent drumming of a flicker on the metal eaves trough
over our heads on an early spring morning.

It used to be thought that grouse produced their boom-
ing sound by actually beating the log on which they stand
when the noise is made. Then, it was thought that the
drumming was made by beating the wings against the
body. Motion pictures show us that neither is the case and
the wings merely beat the air without touching body or
log. The sound is produced by the vibration of the feathers
and similar sounds are produced by feather vibrations in
other birds. The snipe, the woodcock and the nighthawk
are among the other birds that produce sound in this way.
Of course quail and pheasants rising into the air also pro-
duce a sound with their wings, but this is probably differ-
ent from the more definite sound produced by the other
birds mentioned.

One of the most unique sounds produced by birds is
that made by prairie chickens during their courting season
when they precede the vocal booming characteristic of
them by a pattering beating of the ground with their feet.
This has been reproduced splendidly in one of the records
of "American Bird Songs” issued by the Comstock Pub-
lishing Company and prepared by the Al-
bert R. Brand Bird Song Foundation. With
the use of these phonograph records, the
important sounds produced by seventy-two
North American birds may be produced at
will in any home or school room. This of-
fers a distinct opportunity to those inter-
ested in learning to recognize these partic-
ular sounds as they occur in Nature.

Some excellent studies
have been carried on to de-
termine the hearing range
of such birds as the star-
lings, English -sparrows, ca-
naries and domestic pig-
eons, but we need more
of them. The techniques
for determining this range
have been worked out and
all that is needed is the pa-
tience to follow similar pro-
cedures with other species
of birds. Possibly, when
this has been done, we
will find that we have made
many false assumptions about the reasons why birds sing,
and why they produce other noises, and it is altogether
probable that the world as experienced by a bird through
its ears is a vastly different place from what our ears indi-
cate. We have assumed that the prairie chicken beats the
ground with its feet to produce a sound which will affect
other prairie chickens, but we do not know if the prairie
chicken’s hearing range is such that it can even hear itself
beat the ground. Certainly, it is doubtful if a canary could
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hear this prairie chicken sound. As indicated at the begin-
ning of this article, we have been content to take too much
for granted in drawing conclusions about what goes on
in Nature. Here is a chance for those who have an inquir-
ing mind to go on some delightful excursions in experi-
mentation. One of the most interesting papers published
in this field is “Auditory Responses of Starlings, English
Sparrows and Domestic Pigeons” which was prepared by
Albert R. Brand and P. Paul Kellogg. It appeared in the
March, 1939, issue of The Wilson Bulletin. These men
conclude that the hearing range of birds is more limited
than that of most mammals.

Sounds From Cold-blooded Animals

Most of us associate frogs with ponds because it is
_ from pond areas that we most frequently hear their croak-

ings. One of the greatest joys a teacher of natural history
gets is associated with showing some student a peeper in
full song. Most of us can remember with considerable
accuracy the first time we ever witnessed the act, and once
it has been witnessed hearing the sound brings again a
vision of what looks like a little bubble giving forth a
tremendous sound.

The calls of frogs and toads are produced for the most
part by the males though the females are usually able to
produce a sound if necessary. The spectacular choruses
of sound are undoubtedly the products of male choruses.
Since each species has its own call, one can get some idea
of the kinds of frogs and toads to be found in an area
merely by listening to them through a season. There is no
month in the year even in the northern part of the United
States when some frog cannot be heard. In general, the
group to which the peepers belong are among the first to
be heard. They are followed by the group which includes
the meadow frogs, then the toads, and finally the bull-
frogs and green frogs.

Literature on the pitch of the calls of frogs and toads
seems to be lacking but it seems certain that studies would
show that as the season advances from the winter, the
pitch of the frog choruses goes down beginning with the
high-pitched peepers and ending with the basso-profundo
bullfrog. : :

A number of attempts have been made to learn if there
is any coordination between the frequency with which
these animals call and the temperature. Most such
studies have yielded nothing of importance except to
point out that the frequency is more dependent on the
readiness of the individual to breed than upon the tem-
perature of his environment. We know that when the
first frogs or toads come to the breeding ground in spring
the eatliest arrivals are the mature males. They are fol-
lowed by the immature males, and then by the mature
females. The immature females bring up the end of the
procession ; at least this is the case in some species of frogs.
It happens that this sequence compares favorably with
the sequence to be observed in migrating birds.

It may be dangerous to attempt to correlate the reasons
why frogs sing with the reasons why birds sing because
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there is a correlation between the order in which they
migrate. However, it may be that our male frogs and toads
are merely cussing out the other fellows of their sex than
singing love songs to the female. Some day we may know
the answer to this, but if it is known now it is not com-
mon knowledge.

While sounds are produced probably by all of the frogs
and toads, their relatives, the salamanders are quiet. Many
salamanders have what are recognized as hearing organs
on their feet but these are more likely to record vibrations
in the earth than the sound waves which pass through the
air. It is doubtful if these animals have any way of com-
municating with each other by sound.

The reptiles are for the most part quiet. As exceptions
we have the hissing of such snmakes as the hog-nosed
snakes, the rattle produced by the shaking of the tail of
rattlesnakes, and a murmuring sound that some turtles
have been known to make at breeding time. The turtle
sound has been described as a little like that produced
by a tea kettle when the water in it is boiling gently.

When we remember what we have found out about
sounds produced and heard by the bats and how the hear-
ing range of dogs and cats and rats is higher than our
own, it is foolish to say that turtles and snakes do not
make and hear sounds that we cannot possibly hear.
We might readily assume that the bats must depend on
hearing to some extent because of the elaborate develop-
ment of their ears. No such development is present in the
snakes and turtles, The bats must, when they are in flight,
depend upon sounds travelling through the air, while the
snakes and turtles remain for the most part in contact with
the earth or with water. Sound vibrations pass’more readily
through earth and water than through the air, so ears
might not be so necessary with the animals that remain
independent of air-carried sounds.

Hold a pencil lightly between the lips. Scratch the free
end with your finger-nail. You will probably hear noth-
ing. Now close your teeth on the pencil. Again scratch it
with the finger-nail. This time you should get a distinct
sound. In the latter case, the sound is carried through the
pencil to your teeth and to the bones of your head to your
ears. This use of bony structures to carry sound is probably
highly important in such cold-blooded animals as the fish.
Sound waves passing through water to fishes are undoubt-
edly slightly significant to a fish. All this provides a fasci-
nating field for research for the inquiring mind.

Sounds and the Invertebrates

With many invertebrate animals, it is difficult to dete-
mine to what things they are sensitive. Particularly is this
so with those animals that live close to water and the soil.
With these, how can we be sure that the animal hears a
sound as we understand it, or feels the vibrations in the
earth or water that may accompany the sound waves?
Possibly this very difficulty is what has led our psychol-
ogists to define sound. When they say sound, they mean
“sensations due to stimulation of the auditory nerves and
auditory centers of the brain usually by vibrations trans-




mitted in a material medium, commonly air, affecting the
organ of hearing especially through the tympanic mem-
brane, or sometimes by internal disturbances affecting the
nerves or nerve centers directly.” If an animal does not
have a tympanic membrane and special auditory centers
in the brain he is just out of luck so far as sounds are
concerned. '

However, there are plenty of invertebrate animals that
do respond to sound waves, and some that deliberately
produce them with significant effects. We can hear crickets
chirp and katydids repeat their calls from the treetops.
We can bring tuning forks near
spiders or play violins near them
to see what they will do. These
animals definitely respond to cer-
tain sounds in certain ways.

Dr. Frank Lutz of the Ameri-
can Museum of Natural History is
one man who does not believe that
the crickets should be allowed any
privacy in their conversations. Ac-
cordingly, he has experimented
with them widely. He has had
photographs made of their songs
on a movie film. He has put indi-
viduals together and kept them
apart under varying conditions in
varying combinations of sex, age
and health. Out of his experiments
he has come to the conclusion that
in general the chirping of male
crickets is a matter of defiance of
other males rather than an invita-
tion for a date with a member of
the opposite sex. By this time, this suggestion should
sound familiar because it is obviously similar to what
happens with the birds.

One of the most delightful accounts of insect music is
to be found in the Smithsonian Publication, Number 2775,
by R. E. Snodgrass. In this bulletin on “Insect Musicians,
Their Music and Their Instruments,” we find excellent
sketches and discussions of the instruments used by com-
mon insects in making sounds. We see the location of the
“ears” on the legs of many grasshoppers and the loca-
tion of these ears on other species on the sides of the
abdomen.

The photographic records of the songs of some insects
show us that the cricket-on-the-hearth chirps at a pitch
of E just above the highest key on the piano keyboard.
The snowy tree cricket on the other hand chirps in the
last actave represented on the piano keyboard and up to
D just above the range covered by the piano. This is
something you can check in part on your piano. More
interesting yet will be your attempt to detetmine the
temperature by the frequency with which snowy tree
crickets call. If you will add 37 to the number of calls
given in 15 seconds you will be surprisingly close to hav-
ing the same number as would be indicated on a thermom-
eter placed about where the animal is making its sounds.

The catbird has a moderate range while the

hearing of the common pigeon {below) has been

measured and reveals a good capacity to hear
sounds,

" It may not be easy to follow the suggestion that you find

where an insect is chirping. Again our ingenious Dr. Lutz
comes to our assistance. He suggests that one use a doctor’s
stethoscope with the terminals provided with little funnels.
If these are held some distance apart and directed in the
general direction of the insect sound and are so adjusted
that the sound comes in equally strong over each, the
insect will be found at the point towards which each fun-
nel is pointing. This same result can be approximated by
asking a number of people to point to where the insect
is singing. The pooled judgment will be relatively near
to the desired place.

It should be obvious from what
has been written that people who
are interested in the sounds of Na-
ture usually specialize on definite
groups of animals. The psycholo-
gists generally confine their studies
to the mammals. The ornithologists
like Brand, Allen, and Kellogg
stick to the birds, and Lutz, the
entomologist, sticks to his insects.
F. L. Wells of the Hatvard Medi-
cal School has developed a con-
siderable amount of information
about how spiders respond to
sounds. He has worked mostly
with the common garden spider
and has noticed that certain stimu-
lating sound waves make spiders
shuttle from one side of the web
to another; others induce the spi-
der to spread its legs; others, to
seize something and still others to
drop from the web to the ground. If you have a tuning
fork or a violin, you may enjoy experimenting on your
own to see what responses the spiders in your neighbor-
hood make to the sounds you produce for them. You will
find the results interesting.

Of course, any discussion of insect sounds should re-
mind us of the significance of different sounds produced
by bees and their kin. It takes little training to appreciate
how a swarm of bees sounds when it is angered by some-
thing. And when it comes to the disturbance flies and
mosquitoes can make in buzzing about our heads, we
realize that it is fortunate that at least some of the insects
that can harm us must announce their visit by a loud buz-
zing of the wings.

We might go on with this discussion and consider the
mechanics of sound production and of sound reception
in various creatures. We might review the material found
in the science texts on the physics of sound, but there is
not enough space. It seems best this time at least to bring
together in one article some of the important things we
know about sounds as they affect the various groups of
animals including ourselves. If there is any one thing we
can conclude from the effort, it is that we do not know
much about it. We have some knowledge about bats and
cats and rats and ourselves, but there must be much that
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goes on in the realm of sound in that area of high pitch  really do understand “baby talk”; if their dogs can hear
which is above what can be significant to a sensitive human  the sound produced by striking the lowest key on the
ear. We need more careful and more simple homely ex-  piano keyboard; and what note on a violin makes a spider
periments in this field than we have had. Possibly, some drop from its web. If you do not believe trying these
will be stimulated by this article to learn if their canaries  things is fun, then try just one of them as a starter. .

l'
THREE OF OUR BIRD CHORAL SOCIETY WITH VOICES OF VARYING CHARM. THEY ARE THE YELLOW.BREASTED CHAT,
WHICH HAS A RANGE OF BETWEEN 1275 AND 4400 CYCLES PER SECOND. THEN THE UBIQUITOUS STARLING, WHICH
HAS A WIDER RANGE OF CALL, BETWEEN 1100 AND 8225. THE CARDINAL GROSBEAK FALLS WITHIN A MORE LIMITED
RANGE THAN THE OTHER TWO, ITS CYCLICAL BRACKET BEING PLACED AS BETWEEN 2200 AND 4375.

FOUR BIRDS WITH INTERESTING RANGES AND WITH CALLS THAT ARE DISTINCTIVE. THE SONG SPARROW HAS A

GENEROUS RANGE THAT LIES BETWEEN 1900 AND 7700. THE REDWING BLACKBIRD'S CALL STARTS AT 1450 CYCLES AND

RANGES UP TO 4375. THE BLUEBIRD IS IN A MUCH MORE RESTRICTED BRACKET, ITS CALLS RANGING ONLY BETWEEN

2200 AND 3100. THE MEADOW LARK SEEMS TO TAKE UP WHERE THE' BLUEBIRD STOPS AND ITS RANGE IS PLACED AS
BETWEEN 3150 AND 6025.

THE GRASSHOPPER SPARROW HAS A RANGE OF 7675 TO

9500; THE YELLOW-THROATED VIREO BETWEEN 2325 AND

3825; THE CEDAR WAXWING A RANGE OF BETWEEN 7675
AND 8950.
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