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Foreword

It is my bdief that Man and Mammals will delight and instruct ordinary
readers, and it is my hope that it will set before serious students of biology
not only a host of problems that deserve further inquiry, but valid clues to
the mogt fruitful method for such inquiry. This book should be read in homes,
in high schools and colleges, as well as by professiona students of zoology
and anima behavior. Its methods and conclusons are an important step
towards the holigtic biology that will give us a better perspective than we
have at present on man's place in the natural order and will open the way to
auspicious new beginnings in anima husbandry, medicine, agriculture, and
education.

By concentrating on the living form and structure of the mammals—their
morphology—Schad studies these animals in their wholeness, just as they
appear in the natural world. To him, every aspect of living form reveds
something significant about the animal's nature as a whole. He raises
questions so fundamental that many of them must have occurred to us before,
perhaps in childhood.

Why, for example, do the cattle have horns and the deer antlers? Why
shouldn't mice or lions have such organs as well? Why do leopards have spots?
Why are zebras striped?

Is there some meaning in the contrast between the nervous, tiny,
beady-eyed rodent, with its tenuous hold on life, and the large, sdlf-sufficient,
rather complacent ungulate—the cow, for example—whose grasp on life is
so strong? And what of the carnivores, medium-sized but aggressive, who
must belong, we fed, somewhere between these other two groups?

Why should carnivores eat meat, mice grain, and cows grass? And how can
an animal of the cow's enormous size sustain itsdf on such a poor diet?

Why are the whaes so thoroughly adapted to water that they were thought
for centuries to be fishes, rather than mammals? Why does the porcupine, a
rodent, live in a burrow degp underground, while the tiny harvest mouse
weaves an intricate nest of grass high up in the bushes?

What is man's relation to the natural world? Is he a highly developed
animal, or does he have an ingredient the animals do not have, that gives him
a unique potentiality and opens him to greater responsibilities?

Schad's answers to these questions and many others are often surprising,
and aways fascinating. His approach to the mammas is humane, but



objective. His observations are accurate, beautifully illustrated, and eadly
validated by any careful observer.

Such an approach is certainly not without precedent. As early as the
eighteenth century, Goethe presented a method of observing nature lovingly,
scrupuloudly, non-theoretically, asking only that the observer have patience
and the expectation that perception will become thought and phenomena
will eventually organize and declare themsdves as idea. More recently,
scientists such as Adolf Portmann, of Basd, have interpreted the external
form of an organism both in relation to its biologica function and to what
Portmann has caled its "sdlf-expression,” by which he understands a kind of
signature of the animal's essentid nature.

What is new in Schad's method is the extensive system of classfication he
builds upon the bass laid by Goethe and especialy by Rudolf Steiner. The
Goethean-Steinerian approach to natural phenomena requires the observer to
be objective, as a scientist must be; but at the same time it calls upon him for
an intuitive power of sympathetic identification. Every step forward in this
kind of knowing strengthens the observer's rapport with the created world
that confronts him, even as it awakens his own potentialities for experience.

It must be emphasized that the intuitive relationship to the animal
kingdom which this new approach cdls for is by no means either subjective
or sentimental. On the contrary, because the cognitiona effort involves the
full participation of the whole man, it leaves sentimentality behind. And
because it seeks to have its thinking issue directly from the observed fact
rather than be added to it, its claim to objectivity must be respected.

Such objectivity is dmost frightening to current scientific thought; yet a
child, on his level, perceives the world in this way: knowing nothing, he
smply looks;, simply looking, he sees what is really there. Of course, we
cannot stop at childhood; nor can we idedlize innocent gazing to such a
degree that we refuse to understand what we see First comes accurate
observation; this awakens sympathy and stimulates to further perception. As
sympathy broadens and deepens, it feds itsdlf taken hold of by an objective
reality. In the patient, expectant mind this reality eventually coins itsdlf into
thought. Such thought appears less as a hypothesis to be tested against
observation than as the form that sympathetically made observations take of
themselves when by the necessty of their own nature they pass over into
idea

The basic idea a the heart of this book is one formulated by Steiner. He
proposed that the proper way to understand animal forms is by first com-
prehending the human form, for to his intuitive perception the nature of man
showed itsdf to be a kind of compendium or summary, on a higher level, of
the entire animal kingdom; and for him this truth came to expresson in the
harmonious, omnipotential form of man's body. So understood, man is the
central and balanced configuration of which each mammalian animal species
appears as a partial, one-sided devel opment.



In the second chapter of this volume, "The Human Organism as
Threefold," Schad sets forth and elaborates with physiologica and
anatomical detail his concept of the organization of the human form. He uses
this concept as the bads for the new, threefold classification of the mammals
that forms the substance of his book. The rodents, for example, he finds to be
peculiarly related to man's upper pole, the 'nerve-sense system’; the
ungulates, to the lower pole, which he desgnates as the 'metabolic-limb
system’; and the carnivores, to the middle, or 'respiratory-circulatory system.’

It is the author's contention that through a consideration of animal
morphology—which includes the color, size, and shape of esch species; the
characteristics of its embryonic development; its diet, habitat and behaviora
'personality'—one gains an understanding of what it means to say of the
animal kingdom, as Oken did, that it represents "man dismembered." Indeed,
using this threefold concept as a key or cipher, Schad sheds extraordinary
light upon what has hitherto remained, despite all our biological knowledge,
a bewildering array of mammalian forms.

Inevitably much of the material presented in Wolfgang Schad's courageous
study will come as a surprise to many scientists. But any nature lover who
dlows it to stimulate his own observation will find his eyes opening to new
wonders. Through it he will learn to s in the tangible form of living
organisms the external expression, the finished result, as it were, of the
intangible formative eement, the living ideas, that underlie these forms.

John F. Gardner

Director, Waldorf Institute
Adelphi University
Garden City, New York



Preface

This book arose out of two activities. First, 1 have always found joy in
observing mammals in the wild, just as | chanced to meet them, so that |
might come to know them better and develop a sympathetic understanding
for them in al their uniqueness. Second, | wanted to see if | could find in the
mammals, the animals most closely related to man, the threefoldness Rudolf
Steiner had discovered in man's organization. Eugen Kolisko, Hermann
Poppelbaum, and Friedrich Kipp had already made beginnings in this
direction, but it remained to apply the idea of threefoldness to a
comprehensive study of the mammals as revealed in their form.

My primary method of studying mammalian form was aways the
attentive, sympathetic observation of the living animal in its own natura
surroundings. Only after making such observations did | supplement my
direct experience of these animas with exigting factual information about
their anatomy, physiology, and ecology. Because | proceeded in this way, it
was necessary for me to limit my study primarily to the mammals of Europe,
with the exception of the bats. As it happened, non-European ungulates
received more attention than the profusion of rodent species found outside of
Europe; yet my sdection was not made subjectively, in an attempt to 'prove’
the idea of threefoldness as some kind of preconceived schema Rather, the
reverse has been true: the anima forms themselves bring proof of
threefoldness; it is a reality inherent within them.

In earlier times, men believed that the living world was made by God, its
transcendent creator. Today it is customary to trace its existence back to the
non-living world of matter, which is governed by immutable physical laws.
Each of these conceptions may be valid up to a point. Yet both are
insufficient for the study of life, Snce neither saeks to understand the living
organism as a whole, but only those aspects of it which seem to support one
or the other premise, divine or material. The threefold approach seeks to derive
the living organism from nothing but itsdf. Such objective observation
reveals an ordered diversity that aways permits antagonistic opposites to
exis within it. Moreover, this universal order requires balancing, mediating,
regulating functions to exist, in which the opposites come together. Polarities
and their active mediation are the fundamental processes that constitute every
living organism. Threefoldness is therefore one of the universal sgns of life.



In writing this book | have tried, insofar as possible, to make my material
readily understandable to the genera reader. Thus, the first three chapters are
based primarily upon smple descriptions and deal with abstract philosophical
questions only when this ssems unavoidable. Chapters IV through IX st forth
the diversity of mammalian forms, while Chapters X through X1V present an
overview that is possible only in light of the detailed descriptions contained
in the previous chapters. Each chapter builds upon the others, so that no
single one forms an independent unit. Thus, the divisons marked by chapter
headings are often only supeficid. Chapter VI, for example, "The
Ungulates," contains much that pertains to the rodents form; Chapter VIII,
"The Antlered Animals," a description of the carnivores coloration; and
Chapter IX, "The Giraffes” generd discussons of both mammalian
coloration and limb formation.

Many details of the present, American edition of this book have been
revised. For example, the highly technica discusson of early embryonic
development has been dropped from Chapter X, in order to make the entire
chapter accessble to the general reader. Mot of the illustrations have been
improved, and some new drawings and photographs have been added.

| welcome ongoing criticism of this book. Of course, in order to judge
fairly, one must entertain with an open mind al the arguments that are
presented here, many of which are quite new. It may happen in time that one
interpretation or another will need to be revised;, nevertheess, | have
endeavored to present only what | thought could stand the test of time.

| should like to thank John Gardner, president of the Waldorf Press, for
publishing this book, Carroll Scherer for translating it, and Ulrich Winkler
for making the new illustrations. They have made it possible for this book,
first published by the Center for Educational Research, of the Association of
Waddorf Schools in Germany, to become available to English-speaking
readers.

Wolfgang Schad
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| Method and Theme

If we observe the world of nature as it unfolds before our eyes, and at the
same time study natural science with its abundance of information, we shal
sooner or later, conscioudy or haf-consciousy, come to the following
realization: Today the immediate observation of nature and the study of
natural science have generally become separate activities.

Natural science started at the beginning of the modern age, when men
established a closer contact with the visible and tangible world that surrounds
them. The first scientigs—such as Leonardo da Vinci, Harvey and Linnagus
—trained their powers of observation to that end; soon these powers of
observation were enhanced by the microscope and telescope; today the fidd
of observation includes the knowledge that electron microscopes and
radiotelescopes supply. At the same time, ways of thinking were developed
that reduced the meaningful content of thought to patterns and eventually to
mathematical formulag, a kind of shorthand thinking that needs no
imaginative picture. The scientist no longer uses his eyes to look directly at
nature but views it only through instruments designed to increase his ability
to e He is less and less inclined to think about the abundant phenomena
before him; instead he calculates correlations, probabilities, and approximations,
in order to find out whether or not even considering a given object is worth
his while. Instruments of observation intervene between man and the world
of phenomena around him; computers have replaced his power of judgment.
The advantages are obvious: in space, the area of the world that can be
investigated has widened; in time, the results of invegtigation are quickly
available.

What are the disadvantages? Those to whom specialized methods of
observation and thinking are unavailable become less and less able to follow
the thought processes that have led to the results attained by scientists. These
results are relevant to most people only because they affect civilization, since
they do not influence most people's conscious thinking. Thus the achievements
of today's scientific investigation have been gained a the expense of an
excessve degree of isolation from the understanding of the common man.

Strangely enough, today's specialist loses contact even with the object of
his own research, with nature itsdf. The perfection of the crutches he uses for
his senses and for his thinking has placed him in the position of no longer
studying nature as such, but only that part of it which can be caught in the
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meshes of his instruments (Bunning). He does not pursue a science of nature
in its own right, but attends only to what he isolates from it by his specia
methods. In this respect, the term 'natural science has become a misnomer
(Heisenberg)™.

The theme of this book results from the above observation. Its purpose is to
place in the absolute center of inquiry the direct perception of the animals
most closaly related to man, the mammals, just as they stand in their natural
environment. We shal approach them with confidence that their very lives
openly and plainly convey most of what is necessary for our understanding
of them. As we recognize the unique quality of each anima form, it raises a
question whose answer, like the meaningful word of an uncomprehended
language, can be supplied only by the living form of the animal itsdf.

It is strange, yet indicative of the developments mentioned above, that
stience has taken little interest in the manifest shape of the living animal. We
know a great deal about genetic factors, basc physiologica processes,
predictable instinctive reactions, and the group behavior of animals. But no
one can tell us why well-known animals like cattle, deer, and rhinoceroses
have head protuberances, while horses, donkeys, and tapirs do not. Neither
molecular biology nor behavioral research pays sufficient attention to the
dgnificance of an animal's shape. One view regards it as randomly ac-
quired adaptions, while the other sees it as the product of environmental
influences. But human consciousness will never rid itsdf of the suspicion that
a living being's form expresses more than conventional scientific methods can
discover. An animal is visibly material, but it is aso living form, and it
expreses soul faculties as well. How are these three things related to each
other, and how does this relationship show itsdlf in the bodily form? Such are
the questions that arise whenever we observe animals.

We shall limit our discussion to the living form, which we ourselves must
draw out from the multitude of its individual manifestations. In undertaking
such a task, we owe it to oursslves to be clear about the nature of our
method. This method is basic, for it determines the way we shall answer the
question that underlies every biological study: What is life? Everyone knows
what life is, in that he lives. Yet this unconscious proof of existence does not
satisfy our desire to know. Many interpretations of life have been made, but
they cannot replace the reader's own outlook and judgment. Of course, the
same is true of the following effort.

Life is aways formed. It is dways a definite, present form, yet it aso
changes through the course of time. In general, we consder those phenomena
to be alive to which we ascribe an ordered relationship with space and time,
although we may not aways comprehend fully what this relationship is. In a
living being such a relationship is aways a matter of the present moment.
Ortega y Gasset once said, "Life means the same as the present.” There is no life
that is not presence: in and of the present. In the lifeless world, we are dealing
only with past and future. In inorganic matter, these qualities of time pass over



from the one to the other by an infinitely smdl step, i. e, by a nothing. In
that we live and perceive the world of life, however, we know the present, and
we experience, as it were, the presence of the present moment.

This peculiar relationship between life and time is the source of many of
the difficulties biologists deal with. Mogt follow one of two trends of thought
and arrive a ether a causad-mechanistic or a teleological-finaligtic
explanation. The causad way of thinking observes the effect upon the present
of causes that lie in the past. It consders a phenomenon to be merely the
predetermined product of its past. The teleological way of thinking proceeds
in the opposite manner. It regards a phenomenon as a transitional stage
toward an expected future, a future that will provide the explanation of the
present; an aim, a purpose that will be redized only in the future, is
therefore the cause of the present phenomenon.

Neither explanation encompasses fully the complexity of a living organism,
although both may lead to certain results. There are areas of science where
these explanations can be applied to better effect. For example, laws that
make it possble to deduce present effects from past causes make much of the
inorganic world comprehensible. The causa method of thinking has been
effective dso in clarifying certain relationships in nature whose processes are
based entirely upon past events. Teleologica interpretations, on the other
hand, are helpful where the future creates the conditions of the present, as is
true of al basic psychological phenomena. Desres, yearnings, longings and
cravings are always directed toward future conditions; their manifestations
can be understood only when this future is taken into account. They are
characterized precisdly by being the preliminary stage of an expected future.

The dying matter that is always present in an organism can be explained
causally; a teleological explanation should be used in so far as psychological
processes take place. The manifestations of the organism's life, however, stand
between its lifdess and its animated aspects; this fact becomes evident in the
specid relationship of life to time. Life is determined in the first instance
neither by its past nor by its future, but by its own present. At every
moment, it exists by the natural necessity of its present being. Today we try
to imitate life in cybernetics, every feedback brings effects that become
causes, bending time into cycles. Nevertheless, every mechanica pattern till
operates in a causa way.

It is no less comprehensible to accept the conditions of life in the present
than it is to explain the inorganic world on the bass of past causes, and
psychologica phenomena on the basis of an expected future. No one has ever
felt it necessary to prove that most facts in physics are determined by their
past. They smply are 0>

In life, causes and effects take place simultaneously and complement one
another. For this reason the organism always presents itsdf as a whole.
Correlations, not causes or aims, determine the order of the life that forms a
single whole, because life exists only as a continuing present.

11
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The processes of life, therefore, cannot be understood by either causa or
teleological ways of thinking; they must be discovered as an active connection
existing necessarily among phenomena in the present. It follows from this
basic discovery that in trying to understand an animal, we must take form as
the main thing the animal can tell us about itsdf. For form is smply the way
any living being revedls to us its present order in space. Yet this present order
is only one aspect of its life, because life is also ordered in time. We can keep
a stone in a box and it will not change for centuries unless externa factors
act upon it. A living animal, however, cannot be preserved unchanged. It has
its own rhythm and course of development in time, never modified beyond a
certain point by outer factors. So we must study not only the organism's
order in space, but its order in time as well.

Strangely enough, our consciousness is accustomed to distinguishing
between space and time, between a living being's shape and the course of its
life. But in life itsdf space and time permeate one another: every living shape
changes continually—and we can se this change if our observation is
sufficiently accurate. Life in time does not simply unfold in irreversible stages
but occurs in cycles, so that it becomes a surveyable tableau. Thus ontogeny
and phylogeny, as ways in which a living being's 'shape in time' may be
described, must complete the mere 'shape in space’ dealt with by traditional
morphology. In Chapters X and XIV this shape in time will be taken into
account.

The natural world thus has many different relationships with time. These
distinctions become quite evident when we examine our own scientific
knowledge of reality: the chemo-physica world is determined by factors
from the past, the animated world awaits the future and tries to attain it,
while organic life conditions itself during every present moment.

Insofar as an animal has to do with these three ways of being, dl three
methods of science can be and have been applied to its study. Yet, the method
we have just described, that of studying life as revealed in form, has often
been omitted in favor of the other two. We shal therefore focus our attention
upon this method and restrict our study of the mammals to their biology of
form.

It is not our intention to oppose mechanica or psychological methods of
mammology, but to supplement them with insights neither method has been
able to provide. We shal not analyze mere details for their own sake, nor
shdl we attempt to reestablish a vitalism that loses touch with visible reality.
It was Gebser who stated that the biology of form finds its place between
mere mechanism and vitalism.

This biological method, which focuses upon the visible forms of life, is
based on Goethe's way of observing nature. Though some of his procedures
may be dated, Goethe's fundamental attitude in the matter of biologica
research is timeless. He did not measure nature by man, but said, rather, that
"man must prove worthy of the products of nature." Mankind requires, for



the study of life, a training that will lead not only to more exact observations
and clearer concepts, but above al to the continuous interweaving of both.
As the result of Goethe's pioneering effort, the direct observation of
immediate phenomena takes its rightful place in human cognition.

The greatest achievement would be to understand that everything factud is dready its
own theory. Do not look beyond the phenomeng; they are themsdves the teeching
(Goethe, 1829).

On a walk through the woods we meet a deer. We watch it lesp across
our path, run for a moment, then stop and observe us with large eyes head
thrown back, ears erect. Or we s it afar as it wanders over snow-covered
meadows. Or perhaps we have only a glimpse of it through the window of a
train, as it stands in the evening light a the edge of a forest. Although the
deer is so much a part of its own environment, we fed an inner connection
with it. This animal, with its experience of joy and fear, is coser to us than
the tree beside it or the anonymous forest behind it.

Our relationship to birds and mammals is closer than to any other animals.
Like men, birds and mammals maintain a constant body temperature. In
flight birds overcome the other animals heaviness and too-close connection
with the earth. The ddlicate coloring of their feathers, the great diversity of
their voices, their skillfully wrought nests, are prototypes of beauty and
craftsmanship. Moreover, they can be observed fredy, particularly during the
day. Mammals are seen much less frequently; most of them become active
only during the twilight hours or a night. They tend to hide; their coloring,
compared with that of the birds, is smple and inconspicuous. In Europe their
goecies number only one third as many as those of the birds. When we
wander through fields and woods, we can always observe birds, mammals are
rarely detected, though they aso live all around us.

When we s the many gpades of mammas move laborioudy, dose to the ground over
which the birds dlide <0 eedly in flight, or when we s them spand the greeter part of
their lives adegp under the roots of the same tree in whose branches these winged
ongders leed a caefree and joyful life; when we compare the birds varied, expressve
g with the modly uniform and often raucous cdl of the mammds it may ssam to us
that the stage of the latter is less perfect than that of the birds.

In the visble world, however, the outwardly happier being is nat dways the more
pefect one The richest inner life is often hidden by outward poverty; the mog active
course of inner devdopment, by the gppearance of outward cam.

Thus in 1837 Gotthilf Schubert, a scientist well-known in his day, described
the higher rank of the mammals. What shows itsdlf in the outer appearance of
birds is evident as inner activity in mammals. Although the bird's song is
beautiful in rhythm and melody, its virtuosity ssems relatively impersonal
and dmost stereotyped in form. The voice of the mammals, on the other
hand, sounds awkward and raucous, but the emotion behind it is more

13
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evident and considerably more individualized. A painful urgency is expressed
in the hungry bellow of a cow, the roar of a stag during rut, the sharp bark
of an angry deer, the screech of a cat defending itsdf. The mammal's
unpretentious appearance is merely a cover for the most active inner life
experienced by the animal world. In the birds we observe an impersona yet
all the more enchanting receptiveness to the world that surrounds them; in
the mammals, a strength of soul that separates itsdf from the environment
and enjoys its inner life. Something of each lives in us and connects us with
them.

The mammals are the anima kingdom's most highly developed group. Let
us recall some characteristic qudities of their organic construction. They are
the only animals whose skin has hair and sweat- and milk-glands. Milk
represents a transition between the prenatal nourishment supplied by the
mother's blood and the food the environment later on will provide. Milk
leads harmoniously from the one form of sustenance to the other: though it
sems from the maternal organism, the infant recelves it from outside. It
represents both an inner and an outer nourishment; yet, since such a
differentiation cannot actually be made, we may also say that it is neither
one. Rather it is a universal kind of food that simultaneously nourishes the
body of the newborn and establishes harmony in his soul. Schmid reports, for
instance, that the fawns of deer and chamois, after a terrifying experience,
seek and find solace in suckling the milk offered by the mother; he spesks of
‘comfort suckling.' Through suckling, a strong inner contact is maintained
between mother and child, even after birth; and it is from this contact, after
al, that the name of the entire mammal group is derived®,

Not only the skin with its glands, but al other organs develop
characterigtic traits in the mammals. For instance:
Mammals grow two sats of teeth.
The auricles develop externaly, the three auditory osscles
develop in the middle ear, the cochlea in the inner ear.
The lower jaw is formed by one pair of bones.
There are paired occipital condyles at the base of the skull.
The cecum is unpaired.
Bladder and rectum end separately®.
The red blood corpuscles are not nucleated.

In dmost all mammals, a specia organ connecting the embryo with the
mother's blood stresm develops from the growing fetus during pregnancy.
This is the placenta; its function is to provide nourishment for the growing
embryo. It is absent only in the oviparous monotremes and in al of the
marsupials except the bandicoots’. All other mammas are known as
'‘placental mammals.'

Zoologists noticed early that man shares these organic characteristics with
the mammals. Goethe first established beyond doubt that the human and
mammalian organisms belong to a common type. In 1784 he discovered the



human premaxillary bone, when many zoologists were denying its existence
in order to defend the idea that man has a unique bodily structure. Although
some scientists had noticed this bone earlier, its exisence was fully accepted
only after Goethe's discovery (Schad, 1965). Since that time man has been
cassfied as a mammal; in accordance with a suggestion Linnaeus made in
1758, man and the closdly related apes were then placed as 'the first' (i.e,,
the primates), at the head of the system.

The zoological position of man, however, has sSnce been corrected. Besdes
man and the apes, monkeys and lemurs are aso primates. Other closdy
related groups are the ungulates, carnivores and rodents. The only additional
groups of mammals indigenous to Europe are the insectivores and the bats. In
Europe the insectivores are represented by the shrews, moles and hedgehogs.
Because of their many primitive characteristics, they are regarded as mammals
in avery low state of devel opment.

Anatomists and systematists have made a drange discovery. Smal,
squirrel-like animals with pointed noses have been found in Southeast Asia
Thexe are the tree shrews. They were long considered insectivores, but closer
examination has shown that their inner organization corresponds closdy to
that of the lowest primates, the lemurs. At first they were classfied
sometimes with the insectivores, sometimes with the lemurs, but today they
are generaly regarded as a transitional form between the two (Plate 106).
Thus the primates and insectivores actually form a single related sequence.
Today, however, the group once judged highest in evolution is classed, like
the insectivores, as physically the least specidlized (in this sense, the most
primitive) of mammals. The position of the human organism in the sequence
of nature thereby changes: it is no longer at the head, but much closer than
had been assumed, to the root of the basc mammalian type.

Thus a systematic ordering calls attention adso to such specific biologica
characteristics of man as his five-digited limb formation, his smple stomach
and intestina tract, his relatively unspecidized dentition, the shape of his
head, in that it retains the embryonic stage. The relative simplicity of these
features characterizing the human organism has often been noted and
described®. Man has fewer one-sided specializations of the physical body than
do most mammals. The science of man caled 'anthroposophy' regards this
absence of highly developed physical specialization as the necessary correlate
of man's psycho-spiritual attributes, which so greatly surpass those of even
the highest animals (Steiner, 1918 a).

In comparison with a human being, the rodents, carnivores and ungulates,
who will be central to our presentation, are more highly developed
physically. Their great speciadization has led to remarkable physicd
achievements, far surpassing those of man. They have more senditive sense
organs, quicker reactions, greater mobility, better tools (the nails that have
developed into claws and hooves, for example, or the hands that have become
paddies for digging or swimming), and a more highly developed metabolism.

15
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In the psychologica redm, they have more rdiable instincts. No animal
poseses al forms of specidization, of course; each has a few, usudly
combined with the reduced functioning of other organs. Each anima is fully
viable, however, dnce its specidized character is matched and supported by
an equaly specific environment.

It is understandable that man should have no such dose ingtinctive
connection with a particular environment. Thus even in prehistoric times the
species man is found to have inhabited every continent—a distribution
unusual among the higher forms of life. Man's independence of one-sided
environments must be seen in correlation with his arrested bodily
development. But even man's unspecialized organism is highly differentiated,
and this fact provides us with an important clue. For the measured harmony
that exists among the human body's several distinct organic systems shows
us how unity and diversity come to form one whole. We shdl find in the
human organization the basic form that unites the extraordinary variety and
diversity of al the mammals.

Rudolf Steiner's contribution to the approach to biology through the study
of form was decisve. Although he devoted himsdf primarily to man's
psycho-spiritual capacities, his interest in the natural sciences led him to the
question of how man's transcendental and physical organizations are related.
In 1917 (b) he published his discovery of the threefold form of the human
organism and its significance for the connection between the living body and
soul-spiritual nature of man. We shall take Steiner's concept of the threefold
differentiation of man's physical organization as the bads for our discussion
of the mammals’.

The impact the threefold idea will have on the scientific comprehension of
the entire realm of living nature cannot yet be fully foreseen. It has been
mogt fruitful, so far, in anthroposophica medicine, pedagogy, curative
pedagogy, pharmacology, and agriculture, being the bass of the considerable
work already done in these fidds (Kolisko, 1921; Grohmann, 1961). Though
the many discoveries about the human organism to which the threefold idea
has led have not yet received wide attention, the following presentation uses
them to fill the need for a better understanding of the mammals.



Il The Human Organism as Threefold

When we contemplate man's physical body, we must ask the question basic
to every organism: Is it an autonomous system, independent of the
environment, or is it essentidly identical with environmental processes and
laws? To what extent is it a 'closed’ or an 'open' system—and if it is both,
how can it be both at the same time?

When we observe the human organism directly, we see that it is organized
into the trunk, the head, and the limbs. The head raises itsdf quite distinctly
above the rest of the body, while the limbs are closdy connected with the
trunk. Rudolf Steiner classified man's physical organization, however, not
only in terms of its visible components, but aso according to its functiona
proceses. The head rests upon the body. It has little mobility within itself
and has solidified for the most part in the bony skull capsule. In contrast
with the rest of the body, it is moved but little. Above the runner's flailing
limbs and panting breast, his head quietly keeps the goa in view. In the head
are gathered most of the sense organs. those of sight, hearing, balance, smdll,
and taste. Through these senses the organism opens itsdf fully to the
surrounding world. The nervous system, too, connected as it is with the sense
organs, has its center in the brain and is the means by which the organism can
orient itsdf and find its way in the environment. Thus the head is the center
of what we may call the nerve-sense system, through which the organism
perceives and adjusts itsdlf to the requirements of the surrounding world.

The limbs and the organs of the abdomina cavity, by contrast with the
head, show a strong bodily activity that is expressed both in actual physica
movement and in an intense, chemically active metabolism. The organs of the
abdomina cavity change food, which at first is dien to the body, through
such an ‘active' chemica working that it is transformed into the body's own
substance. Thus the main function of the metabolic organs is to maintain
physiologicaly the organism's autonomy against the environment. The
abdominal cavity, the body's largest, is aso the least protected by bones; any
hardenings in the soft organs it encloses (e. g., gall stones, kidney stones, and
bladder stones) are a sgn of disease. This fact stands in contrast to conditions
in the head, where, for example, crystalline formations in the pineal gland of
the brain (brain sand) are considered normal. Though the skeleton comes
again strongly into the picture in the construction of the limbs, the placement
of the limb skeleton is obvioudy polaric to that of the cranial bones. While
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the latter form a shell directly beneath the skin and are part of the externa
skeleton that protects the soft organs within, the bones of the limbs have just
the reverse character: arm and leg bones are part of the internal skeleton;
they do not enclose but are surrounded by the softer parts. It is noteworthy
that while nearly all the head bones have fused to form the rigid cranium, the
limbs are equipped with many joints and their bones branch out into the
multiplicity of the fingers and toes. These make possible the organism's
independent movement in the environment. The metabolic-limb system, as we
are consdering it, includes aso the organs of propagation.

Between the relatively immobile nerve-sense system and the highly active
metabolic-limb sysem stand the organs of the chest region. Lungs and heart
are characterized by their rhythmic pulsation. In both, contraction and
expansion, tenson and relaxation, alternate constantly. The poles of the
organism, therefore, are aso present in this region: but they do not smply
stand next to one another in the middle; rather, they reach an active balance
through their rhythmical alternation in time. Thus we may spesk of this
system of respiration and circulation as the rhythmic system, or smply the
middle system.

It is typical of this sysem that the polaric tendencies within it are in no
way reduced to a passve neutrality; on the contrary, their dual character
becomes part of an actively mediating process. The two ddes of the organism
mutually complete one another in the process of rhythmic alternation. Hence
we find not one main organ in the chest area, but two: the lungs and the
heart. The lungs, within this middle system's rhythmic activity, tend to
resemble and represent the upper processes of the body. Through the traches,
for example, open at its upper end, the lungs approach the head region in
such a way as to edtablish a direct connection with the outside world. In
shape, the lungs merely fill up the free area of the chest, amost as if they had
been poured into it from outside. Their head-like passivity appears aso in the
fact that they are incapable of self-initiated motion, being moved by the
thorax and diaphragm. Since the lungs share something of the head's tendency
toward dadis, their rhythm of breathing proceeds much more dowly than the
pulsation of the heart: 18 breaths a minute, on the average, compared with 72
heartbeats.

The heart, on the other hand, exhibits traits that remind us of the region
polaric to the head. Its position is lower in the chest space than that of the
lungs. It is a salf-moving organ that has a shape of its own. As from a center,
the heart unifies the blood circulation, which is closed off from the outside
world. The largest of the arteries originating in the heart, the aorta, turns
down towards the lower part of the body, where there exists a direct
connection of blood with the processes of metabolism. Only through the
circulation of the blood do the lungs have access to the upbuilding processes
of metabolism within the organism, while on the other hand only through the
lungs does the blood have contact with the outer atmosphere. The actua



balance is accomplished primarily through the harmonious mutual
complementation of breathing and heartbeat in the time ratio of 1:4
(Hildebrandt). Out of this reciprocal relation between the lungs and the
heart, the middle system builds itself.

The thorax itsdf is shaped by polarically opposite forces that come to light
in the spatially aternating sequence of ossfying and dissolving processes—
that is, of ribs and intercostal space. The temporal rhythm of the middle
sysem here passes over into a spatia shape whose gradual modification
shows that rhythm in life is never a smple repetition of the same impulse but
an alternation between two opposing ones. The rib cage shows the
modifications we might expect, in that it is narrowest near the head, as well
as more ossfied (Plate 95). On the other hand, as the ribs descend towards
the metabolic region, they progressively fal short of encircling the trunk:
they become gradually shorter and straighter, until the last two pairs 'float'
freely and point downward. The sternum extends only part way down the
chest cavity and appears to dissolve in the xiphoid process. The manubrium,
or superior part of the sternum, is, as we might expect, the most highly
ossfied of the three sections.

When we observe that the thorax in its upper part has only limited ability
to move, while in its lower section mobility is much more pronounced,
epecially because of the action of the powerful diaphragm muscle, we once
again se how both the shape and function of the thorax mediate between the
head organization on the one sde, and the metabolic-limb organization on
the other.

An understanding of the threefold form of the human organism demands
that the three sysems not be pictured as parallel, separate organizations,
working one besde the other. For this idea is no mere schematic notion.
Rather, like every genuine idea, it is an actual process, and thought must
actively experience it as such®. It is therefore not easy for simplistic thinking
to find its way into this idea. Rudolf Steiner himsdf called attention to the
living interpenetration and interaction of the three sysems in his book Von
Seelenréatseln (Riddles of the Soul) (1917 b):

It is of utmost importance to s clearly the relationship between the function of the
nerves, the breathing rhythm, and the activity of the metabolism. These three forms of
activity do not lie beside one another but in one another. They permeate and pass over
into one another.

Nerve-sense processes, though centered in the head, are found throughout the
entire organism. Similarly, though rhythmic processes are to be observed every-
where in the organism, they have their center in the region of the chest. Meta
bolic processes dso take place in every part of the body, but they predominate
in the limbs and in the organs of the abdomina cavity. These facts should not
be confusng. On the contrary, the more we discover of threefoldness in the
processes of every system, organ, and tissue, and even of cellular construction,
the more we find that the great complexity of the organism is made
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understandable only by a point of view capable of bringing order into the
diversity it must necessarily take into account.

The head is clearly dominated by nerve and sense functions, yet in the
mouth region functions of the metabolism and limbs are also found. Just here,
in the lower jaw, the bones of the head become moveable: covered with
muscles, they even take on the character of the limb skeleton! We encounter
the first organs of the digestion in the mouth: in the saliva are digestive
enzymes, and the mouth's mucous membrane is able to absorb sugar and
transmit it directly to the blood. In the mouth, indeed, the otherwise inward
metabolic organization establishes direct contact with the outside world.

A rhythmic system is aso present in the head, particularly in its air-filled
cavities. These are found in the middle section of the cranium, between the
sensory area of the face and the brain itsdf. They include possibly the larynx
and certainly the cavities of the throat and nose, as well as the more ossfied
air-filled cavities in the upper jaw, middle ear, and fronta and sphenoid
bones. Here, in a delicate way, the head's own respiration takes place. When
the lungs exhale, air is pressed into the head's cavities, when the lungs inhale,
the cavities of the head exhae (Schmiicker). These cavities are lined with a
moist inner layer that also absorbs air. So the middle region of the head dso
takes part in the breathing process and participates in its own way in the
rhythmic functions. Although it is the larynx that uses the air of exhaation
to produce sounds, these are magnified into speech and song in the area of
throat, mouth, and nose, whereby the air-filled cavities of the head serve as
resonance chambers. Thus speech is actually created in the middle region of
the head, between the nerve center of the brain and the sense area of the face.

Turning now to the opposite pole of the body, we observe how in the
metabolic organs of the abdomina cavity the organism expresses most
strongly, in a purely biologica way, its estrangement from the surrounding
world. Through digestion, as centered in this region and as carried over into
the blood, the organism transmutes foreign matter into its own substance,
nourishes its various organs, and establishes an individual protein autonomy
that shows itsdlf as 'immune' reactions.

The limbs, as we have mentioned, however closdy they are connected
functionally with the metabolic organization, still form a certain contrast to
it. In them, the activity of the lower organism turns again towards the
environment, in an active, creative way. Thus the skeleton, although polaric
in form to the shape of the skull, in that it is rod-like and buried under flesh
rather than plate-like and lying on the surface, nevertheless comes again to
the fore.

While on the one hand digestion internally prepares the body's own
substance, and the limbs, by contrast, produce changes in the outside world,
the system of propagation lies between these two. In it, through a genuine
metabolism, new living substance will be formed—substance that in this case
does not accrue to the parent organism but will be delivered over to the outer



world, without itsdlf becoming outer world, snce it will carry within itsdf its
own inwardness. The growing organism, of course, arises only in part from
maternal substance; for the rest it derives from the father. What might be
caled the ‘foreign’ substance of the sperm is neither destroyed, as in red
digestion, nor yet reected through immune reactions. sperm and ovum
complete one another, to form a sngle whole. So the reproductive system,
just because of its intermediate character within the lower organization, has a
dual, male and femae, form. In both shape and function, the ovaries and
uterus have more the character of metabolism; the male genita organs, that
of the limbs. In male animals the limbs' influence on the sex organs frequently
leads even to the formation of bone (os priapi).

The three main sysems of the complete organism form such a perfectly
organized unity because esch system in turn dso has a tripartite form. In
eech part the character of the whole is present, so that each shares
functionally in the whole. This threefold organization may be characterized
as 'order in diversity." Rudolf Steiner himsdf avoided conceptua rigidity by
giving each system a double name:

Nerve-sense system

Respiratory-circulatory sysem

Metabolic-limb system.
Thus the active polarities that exis within each of the larger sysems are
already indicated by Steiner's choice of words.

On the bads of the foregoing discusson, we may supplement Steiner's
grouping as follows:

Nerve, speech and sense sysem

Respiratory-circulatory system

Metabolic, reproductive and limb system.
The upper and lower sysems show their own thregfoldness quite distinctly,
while the middle sysem does not. This fact deserves our attention. No
additional mediating organ or function is necessary between the respiration of
air and the circulation of blood, because it is in the rhythmic interaction
between the two that the rhythmic sysem is actually created. Hildebrandt
recently studied this relationship between breathing and heartbeat and found
that it varies greatly with every physica movement and psychic reaction. On
the other hand it aways tends toward a healthy norm of 1:4, as may be
observed in normal deep deep, during which the body recovers from the
exertions of the day, or in convaescence from an illness. Since it is able both
to adapt itsdf to dress and to recover a norma state of equilibrium, this
interaction really forms the bass of the entire organism's health. There is no
need for a third organ because both the lungs and heart, as the mediating
organs of the body, dso have the ability to establish harmony between
themselves.

In a dightly different way these organs also mediate between the central
functions of the upper and lower systems. Thus, respiration is closdy
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connected with the speech organization, and circulation with the function of
propagation. And the duality characteristic of the middle system is also found
in the organs of these other systems. Thus, as we have mentioned, while the
larynx produces the actual sounds of speech, it is in the air-filled cavities of
the head—particularly in the mouth, with its palate, tongue, teeth and lips
—that these sounds become speech. Similarly, propagation takes place by
means of two different processes. the begetting of the germ and the actual
pregnancy, through which a new organism is created. The former is a
masculine function, the latter, a feminine one. Thus, there must be two sexes
rather than one or three. This duality of al middle sysems is so basic that we
may state the following rule: If we find a threefold structure in an organism,
the polarities within it are real ones; if we find only dualities, the two work
together and constitute a middle system.

The heart is not a heart because the polarity of arterial and venous blood is
neutralized within it, but because the two kinds of blood come together here
in greater quantities than anywhere dse in the body—and they do so without
being mixed.

If, initially, we have designated the whole upper system as being directed
outward towards the world, and the lower system, by contrast, as being
sdf-enclosed, with the rhythmic sysem mediating between the two, this
relationship is an essentid characteristic of threefoldness in the bodily
organism as a whole. Yet, as we have aso seen, this overall pattern can be
followed into the parts and functions of the whole. The organism makes its
contact with the outer world in three quite different ways: primarily via the
sense organs but adso through breathing and limb activity. Similarly, it
establishes its private existence, its independence of the environment, chiefly
through the digestive processes, but dso in two other ways: through the
closed circulation of the blood and the wholly encapsulated nerve center. The
speech organization, as we have said, is strongly related to breathing;
reproduction, to the circulatory system. In the harmony of breath with
heartbeat, the wholeness of the organism establishes itsdf ever anew, and yet
at the same time makes possible the body's many-sided diversity.

The human organism, then, is as much a member of the surrounding world
as it is an independent world of its own; and in its mediation between the
two kinds of existence, sdf and world, it forms aliving counterbalance against
the extremes of either. It always gives the lie to any one-sided explanation of
its reality.

The threefold organization in human beings provides a reliable basis for the
whole biology of form. Primarily, physica form is the way in which space is
taken up and filled. How then are the three organic sysems related to space?
By no means uniformly. The outer shape of the human body is bilaterally
symmetrical in appearance; the right half is the mirror image of the left, and



vice versa. This bilateral symmetry applies particularly to the sensory system,
which is concentrated in the head but also extends to the skin covering the
body. We may indeed regard it as the formative principle of the system that
is open to the outside world. This symmetry can most accurately be described
in the triaxial sysem of coordinates, because the organism itsdf, in its
arrangement of these organs, distinguishes between right and left, above and
below, before and behind.

The organs of metabolism, on the other hand, are invisible from the outside
and they orient themsdaves quite differently in space. Both in their individual
shapes and in their positions in relation to the body's axis of symmetry, these
organs show definite asymmetries. Liver, gdl bladder and cecum, for
instance, lie to the right; stomach and spleen, to the left. This asymmetry is
generaly charecteristic of the way in which the nourishing organs of
metabolism fill space. Even these asymmetrica organs, however, originate,
during the embryonic stage of development, as bilaterally symmetrical forms.
Apparently the embryo is a fird an organism entirely open to its
surroundings. Then, after about the seventh week, the asymmetry of the
digestive tract begins in the form of a spiral twist (Starck, 1955) that persists
in the curves and loops of the colon. Many vertebrates show intensified spira
forms in the formation of the intestinal tract. This is the case in sharks,

1. The spirdization of the intesting, which in man occurs only as a smple twigt of
the colon, can be s veary wel in various animas. @ primitive fish (Polypterus),
b) the spotted dog fish, a smdl shark (Scyllium), ¢) tadpole of the frog (Rana),
d) the sfaca, alemur of M
1. esophagus, 2. somech, 3. ponrus,4 smdl intesting, 5. colon, 6. cacum, 7. rectum.
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tadpoles, and even lemurs among the primates. In other animas and in man
asymmetry increases during the course of the organism's growth, so that the
sndl intestine in particular (ileum and jeunum) forms many convolutions.
Other asymmetrical organs, such as the liver, gal bladder and pancreas,
develop from the upper part of the primitive gut, which itsdf undergoes
further development to become the duodenum. In a living organism, spiral
forms always indicate the transition to total asymmetry.

In the inner ear three-dimensional and spiral forms approach each other. In
the utricle three semicircular canals are placed at right angles to each other;
here the organism indicates quite clearly that it knows three-dimensiona
space. In the cochlea, however, it shows that it is adso familiar with
spird space. The one organ helps us to find direction in the outer world,
while the other dlows us to take part in the more inward, emotionaly
affecting world of sound, music and speech. This direct juxtaposition of the
two polaric forms within the ear is unique in the whole body (Sched, 1969 b).
Yet, dnce the ears are sense organs, open to the world, their placement on the
body occurs bilaterally.

Inside the head, the brain itsdlf is quite separate from the direct influence
of the outer world. Sheltered within the most completely ossfied cavity of
the body, it floats weightlesdy in its own fluid, biochemically isolated from
the rest of the body by the blood-brain barrier. The brain, like the organs of
metabolism, is closed off from the outer world. Is it therefore asymmetrical in
form? There is much evidence to indicate that it is, both in shgpe and in
function. For despite the fact that during embryonic development the initial
convolutions of the brain are formed symmetrically a certain regions, the
second and third generations of convolutions, which develop just before and
soon  after birth, become increasingly asymmetrical. (Observations of
uniovular twins have shown that inheritance largely determines the frequency
of convolutions, while it does not seam to govern their asymmetrical form
[Geyer].)

Functionally, the left hemisphere of the brain appears to be connected with
the right side of the body, and vice versa. The tendency toward right- or
left-handedness, for example, is dictated by the asymmetry of the brain. In
right-handed persons the Ieft Sde of the brain is dominant, and the reverse
holds true in the opposite case. Modern brain research has also discovered
that in right-handed persons the left cerebrum underlies intellectua, rational,
and verbal abilities, while the right haf mediates the imaginative, musica,
artistic and intuitive capacities. Thus, to a much grester extent than the sense
organs, open to the outsde world, the brain tends toward asymmetry. This
asymmetry of the brain is so basic that morphological and functional equality
of the two ddes can even lead to verba and menta disorders
(Rauber-Kopsch, Delacato).

As we have mentioned, the body's asymmetry reaches its culmination in the
metabolic sysem's digestive organs. But the limbs, so closdly adlied to this



system of metabolism, nevertheless become bilaterally symmetrical in turning
to the outer world!

It would be instructive to trace this relationship between living function
and spatial shape into al aspects of the human form. Yet here we must
restrict ourselves to the consideration of a few additional examples. These
may at first appear to be exceptions to our basic rule, but close observation
reveadls that they, too, are consistent with our findings. The kidneys, for
example, are found in the abdomen; yet they are paired. Strictly speaking,
however, they are not true abdominal organs, since they lie outside the
abdominal cavity proper, behind the peritoneum. In addition, they are
related functionally to the dissimilatory processes of the nerve-sense system,
in that they work increasingly in states of excitement, and do not work at all
during deep deep. The organs of propagation function in a bilaterally
symmetrical way in coition, but the processes of ovulation, conception, and
implantation, as well as the physical position of the embryo within its sheaths
—far below consciousness—occur asymmetrically within the mother's body.

What spatial forms do we find in the central, rhythmic organs, the lungs
and heart? We speak of a left and right lung, a left and right ventricle of the
heart. The two organs are not atogether bilaterally symmetrical; yet at the
same time, they cannot be characterized as entirely asymmetrical. Instead,
they form a remarkable intermediate stage between the two forms of space.
During embryonic development the heart and lungs are at first bilateraly
symmetrical. The heart originates in the fuson of two parallel vessals, the
partition between the two disappears, and the tubular heart then forms bulges
that arrange themselves asymmetrically, over, under and beside one another.
After a complicated series of fusons and divisions, the heart eventually
metamorphoses into a shape that is once again more or less symmetrical: the
four-chambered heart with its left and right auricles and ventricles. The two
sdes of the heart are separated by the dightly twisted septum that, precisay
because it is twisted, describes a medial plane that does not divide quite
symmetrically. The left side of the heart has thicker muscles than the right,
and these run spirally down towards the heart's apex, where they form a
regular whorl. The heart lies more or less in the center of the body; yet,
again, not exactly in the center; rather, displaced somewhat to the left. The
apex of the heart points down towards the left and front, and the base,
correspondingly, points up towards the right and back; so the heart's axis of
symmetry in relation to the outer shape of the body is slightly askew. What a
remarkably intermediate kind of 'symmetry'!

The lungs originate as an unpaired outgrowth of the esophageal rudiment.
This outgrowth divides into the paired bronchi, out of which develop the
dightly asymmetrical lobes—two on the left and three on the right. These
lobes finally take up the available space in the chest cavity as symmetrically
as the heart permits. So the lungs are bilaterally symmetrical externally,
where they touch the inner walls of the chest; on the other hand, near the
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central limits of the chest cavity (the mediastinum), in the vicinity of the
heart, they are clearly asymmetrical. In the trachea, open at its upper end,
the respiratory tract is entirely symmetrical, while the aorta, leaving the
heart, turns downward and to the left in a definitely asymmetrical figure.
Together, heart and lungs fill space in such a remarkably differentiated way
that they perfectly combine symmetrical and asymmetrical formations.

It is curious how little the connection between life-functions and symmetry
of form has been noticed up to now. In the anthroposophical literature there
are hints, in connection with the concept of threefoldness, to be found in
Koénig (1927-28) and Paede (1948). Portmann has described an important
connection in the lower animals, between symmetrical form and perviousness
to light: transparent, and therefore sense-active, organs are aways formed
symmetrically, while metabolic organs and gonads, even in extremely
transparent animals (such as jellyfish and salps), are always protected from
the light by an opague shesth, and are therefore active only in darkness.
Asymmetrical organs are aways shielded from the light®.

Clearly, the living functions of an organ cannot play themsdves out in
space arbitrarily. The organism works not only in the three-dimensional space
we usualy recognize, but in three distinct conditions of space of which the
three-dimensiona is only one. Our waking day-consciousness is founded upon
the symmetrical nerve-sense system; thus it is no wonder that we have an
especidly clear conception of this one kind of space. We must, however,
consider the reality of space to be more manifold. Space is not the abstraction
of an empty vessd that contains the world, nor even a subjective way of
viewing things. It is a phenomenon of the natural world that mathematicians
from Rieman to Weyl and physicists snce Faraday and Maxwell have been
investigating. These scientists perceive that space is more than what we have
in mind when we spesk of the three dimensions and their rectangular axes.
Many mathematicians have felt it necessary to conceive of other possbilities
of space, and physicists, too, admit that space can be explored not only
through thought but also by means of experimental investigation and
observation. So in the field theory of Faraday, space includes physical energy
in magnetic, electric, and gravitational fields without corpuscular transfer
(Westphal). At this point we must dare to presume that in the realm of
biology, too, space must be treated as an empirical subject whose manifold
possibilities cannot be predicted in the way that earlier philosophers, such as
Kant, have tried to do. Our preliminary attempt to understand space is
founded upon our assumption that it can be deciphered in its full reality only
from the living organism.

As we have mentioned, most of us prefer the idea of rectangular space
because our clarity of consciousness is dependent upon those organs in the
human body that are symmetrically arranged. Steiner (1919) mentioned a
smilar connection when he said that our geometry arises out of the
unconscious movements that the human body makes with its limbs in space.



But when we observe the various ways in which space is taken up by our
organs, we must assume that the whole reality of space can be explored only
if we develop our constiousness to penetrate or encompass those processes of
life that are hidden from our present understanding. And because it is in the
unconsciousness of our asymmetrical, metabolic organs that the processes of
life are mogt active, it ssems only reasonable to assume that the mystery of
life as a whole cannot be understood within the boundaries of Euclidean
geometry. The biology of form must pave the way for a deeper understanding
of space, and this it does by establishing an empirical bass for its further
study. We mugt study the way life organizes itself in space. And it is just the
idea of threefoldness that gives us the possibility of feding our way into this
question of the diverse relationships of life to space.

Steiner's discovery of the threefoldness of man is not limited solely to the
physical organism, however. We may use this idea equally well to describe
the connection between a living organism and its own psychological, or soul,
faculties. Here we differ from conventional scientific opinion, which ascribes
all psychologica activity to the brain. The physical correlate of man's
thinking is, of course, the brain. And it is dso true that the brain registers
and monitors man's other psychological activities. But according to Rudolf
Steiner's view, the entire body, with all its organic systems, is the instrument
of the soul; and its diversity of biologica processes supports a corresponding
diversity of soul activity.

When something is mentally represented, a neural process takes place, on the bass of
which the psyche becomes conscious of its representation; when something is felt, a
modification is effected in the breathing-rhythm, through which a feding comes to life;
and in the same way, when something is willed, a metabolic process occurs that is the
somatic foundation for what the psyche experiences as willing. It should be noted, how-
ever, that it is only in the first case (representation mediated by the nervous system)
that the experience is a fully conscious, waking experience. What is mediated through
the breathing-rhythm (including in this category everything in the nature of fedings,
affects, passons and the like) subssts in normal consciousness with the force only of
representations that are dreamed. Willing, with its metabolic succedaneum, is experi-
enced in turn only with that third degree of consciousness, totally dulled, which aso
persists in deep (Steiner, 1917 b).

Although such a description runs counter to current scientific opinion, it
has long been understood by traditional wisdom. The heart has aways been
recognized as the realm of man's fedings, and it is certainly no accident that
willful, aggressve courage is often cdled ‘intestina fortitude,' or, les
delicately, 'guts.’

It may be no surprise to us that the head, relatively immobile, impassive,
rigid and bony, is the physical correlate of the cold clarity of man's
unimpassioned thought. Yet it should be no more surprising that the urgent
impulses of the will, rising out of the darkness of our unconscious, should be
associated with the warmth and unconscioudy creative activity of the viscera
and limbs. And between these two areas—the rigid, immovable cranium

and the active, life-supporting metabolism and limbs—lies the chest, which
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mediates between them and participates in the activities of both. In this
rhythmic activity of the chet, the fedings find their physica correlate. Here,
too, tradition has been wise, in describing the heart as the seat of man's
emotional life. We need only recall the differences in heartbeat and rate of
respiration caused by our experience of fear, grief, joy, or passon to
understand that thisis so.

In this application, too, the idea of threefoldness may at first be difficult
to comprehend. But we hope that its wisdom will prove reveding and be
substantially supported in the chapters that follow.

In closing, we shall cast a glance at the threefold structure and function as
these appear in the musculature of the human body. We perform conscioudy
influenced movements only with those muscles that are attached to the
skeleton or at least to cartilage (for example, the muscles in the larynx). Each
such muscle extends axially between two points of contact where it is firmly
attached. If the muscle contracts, the two parts of the skeleton are moved
towards one another. One of the first microscopists, Anton van Leeuwenhoek,
found as early as the seventeenth century that the fibers of such voluntary or
skeletal muscles, under strong magnification, show striations.

Diametrically opposed to this skeleta musculature is the intestina or
involuntary musculature. Here there is no striation; the muscles are 'smooth.'
These muscles never have contact with a bone; their fibers return spirally
upon themselves. Frequently these are circular muscles such as those that
surround the stomach, intestines, gal bladder and uterus. These muscles do
not move parts that lie outside themselves but rather the fluid or plastic
contents enclosed within them. Remote from waking consciousness, these
smooth muscles work as it were in a condition of deep deep.

The lungs, as we might expect, are moved by both of these polaric types of
muscle. The muscles of the chest and diaphragm are striated, and can dso be
st in motion deliberately. In the insde of the lungs, however, there are in the
bronchioles circular smooth muscles, less subject to conscious influence, that
are able to regulate the flow of air into the aveoli where the exchange of
gases takes place. (Every asthmatic person knows that it is impossible to control
the gpasms of these muscles)

The muscles of the heart cannot be associated solely with either of the
polaric types. In overlapping spirals, they surround the heart and form a
regular whorl at its apex; above, a the base of the heart, they become less
movesble, more sinewy a the cardiac valve, and, indeed, in some animals,
such as cattle, they may even be attached to a heart bone (Vaerst). The heart
muscles are delicately striated; yet they are not genuine skeletal muscles,
because in their structure they have much in common with the smooth

2. From the top down, fibers of skeletd, cardiac, and involuntary musdes of man, shown lengthwise and in cross

section.



muscles. Like these, they are uninuclear, if indeed in a characteristicaly
different way'®. Even in microscopic detail they show how it is precisay in
the heart that the organism realizes a musculature that is intermediate between
the conscioudy moved skeletal muscles and the intestinal muscles that work in
deep unconsciousness. Speaking psychologically, we may say that in the heart
we are neither conscious nor unconscious. we dream. Thus, in this case as well
as in those we have earlier considered, soul capacities, life-function and
physical form correspond to each other. A mere contrivance for the
transportation of blood could as essly be symmetrica as completely
asymmetrical. Yet the very shape and structure of the heart reveals that this
organ does not exist merely to move the blood; in it al the polarities of the
body are brought together and balanced on a higher leve of form and
achievement.
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Il Threefoldness in Mammals

Man's organic sysems are found also in the mammals, yet they relate to
one another in very different ways. Among the mammals, in the most varied
ways, one or another system is especialy wel developed. Thus high degrees
of specialization have been attained, so that in agreement with the views of
modern zoology, we may consider many of these animals to be physically
more highly developed than man. The rodents, carnivores and ungulates, in
particular, rank @dbove the insectivores, primates and man. Ther
superabundant variety of form ssems to defy any attempt to group them in
an ordered system. Yet the order inherent within each organism may itsdf
supply the key to order among them. This inherent order enables us to
discover in diversity an underlying unity that in no way contradicts the
abundant variety of nature.

When we start from the concept of the threefold human being, we find that
the mammas demonstrate what great differences are possble in the
relationships among the three main organic systems. The cow, with its highly
developed digestive processes, and its hoofed anterior and posterior limbs
adapted primarily to a single purpose, brings one of these organic systems
into strong relief. Its whole organization is determined by the specia qualities
of the metabolic-limb system, and this emphasis is characteristic of all
ungulates. Mice, in their nervous sensitivity, show the greatest possible
contrast to the bovine nature. Their extremely delicate sense organs o
dominate the other organic systems that we may cal the mice and al other
rodents nerve-sense animals. It is more difficult to generalize about the
carnivores, such as cats, dogs, and lions, but we hope that the following will
make it clear that these animals live primarily out of the processes of
respiration and blood-circulation™.

Rodents Carnivores Ungulates
Nerve-sense functions Rhythmic functions Metabolic-limb functions
predominate predominate predominate

What is brought to near perfection in the one-sided developments of the
mammals yields in man to a delicate balance that is seen in the mammals only
when they are taken together as a whole. Only in an undisturbed landscape,
when in biologica equilibrium with one another, do the mammals show the
balanced relationship that appears in the single human body.



The anatomy of the hoofed animas shows a considerable hypertrophy of
the limbs. In contrast with the penta-digital type of limbs developed by most
mammals, the ungulates' hands and feet have retrogressed to a few bones; the
latter, however, are very strongly formed. This specidization of the limbs
extends even to the powerful enlargement of the nail into a hoof, which gives
the group its name. The limbs of horses and cattle support large bodies, full of
power, and in stamping and galloping, these animas live out in a physica
way the powerful soul forces within them.

Polaric to the limbs of the ungulates are those of the rodents. Tiny and
delicate, they hardly deviate from the origina five-fingered form. The fingers
and toes are narrow and long, with nails shaped like tiny claws. The
forepaws of the squirrel, for example, are adept a grasping, handling, and
feding. Its limbs have definitely acquired a sensory function. Long sensory
hairs on the face, and shorter ones over the entire surface of the body, project
beyond the warmth-providing coat and enable the rodent, trembling and
twitching, to find its way in the surrounding world. In many rodents even
the insde of the cheek in the mouth cavity is covered with hair. Agile and
quick in its reactions, a rodent lives in constant agitation, alarmed pauses,
and rapid flight. Even in deep nervous spasms run over its small body.
Rodents must deep often, for in al animas it is aways the nerve-sense
system that in the waking state so exhausts physiological functioning that this
can be restored only in the unconsciousness of deep. The organs of nutrition,
which function outside consciousness, are indeed never aweke, and it is for
this very reason that they are able to continue working day and night. Thus
the rodent in particular, so active in its senses, requires periods of rest even
during the day, when it deeps for short intervals in order to be wakeful

again.

Hoofed animals, on the other hand, require little deep deep. One or two
hours, sometimes less, auffice for horses and cows, elephants and giraffes
(Grzimek, 1956). In these metabolic animals the processes that build up the
body predominate even during the waking state, so that these animals tire
much less readily than the rodents do. Contented peace and restfulness suffuse
the cow's placid gaze, especially when, ruminating for hours, she devotes
hersdlf entirely to her food. Her eyes, and the eyes of al ruminants, lack the
yellow spot (macula lutea), the part of the retina with clearest sight. To
them, the world appears diffused. They experience much more fully smdl and
taste, the senses connected with metabolism. A cow is never so completely
awake as a mouse; the unconscious processes of digestion predominate even in
its state of half-wakefulness.

The digestive tract of these animds is highly developed, especidly in their
most characteristic group, the ruminants. A large, four-part stomach
completely fills the anterior abdomina cavity. The intestines are extremely
long: 22 times the length of the body, or about 200 feet (60 meters). The
principal nutritive substance of the grass, herbs, leaves, straw and twigs esten
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by the ungulates is celulose, a food rather poor in nourishment, and
extremely difficult to digest. Twice it is thoroughly chewed, mixed with
sdliva, and fermented. Only with the help of the micro-organisms that flourish
in the stomach, do the ruminants manage to assimilate a food so difficult to
digest and to build from it such extraordinarily powerful bodies. They even
have a surplus of nourishing substances left over for others. From time
immemorial, the ruminants have been able to serve as a source of nourishment
for man: cows, goats, sheep, reindeer and camels have supplied milk since
prehistoric times. Even their dung deserves mention as an especialy valuable
fertilizer for the plant world.

The typical rodent prefers nourishing food rich in energy. It likes especidly
the concentrated fats and oils of nuts and seeds, as wel as kernds rich in
carbohydrates. Fruit it likes less, and it will accept plant stuff composed
chiefly of cdlulose only when nothing dse can be found. Among the
extremely sensitive rodents, the physiological capacity of the metabolism is so
weak that it requires easily digestible, energy-rich food—food of a kind that
meets the metabolism halfway and readily supports it. Nutritive substances
are vigoroudy and hastily extracted from the contents of the intestines, the
desiccated, impoverished droppings that remain form hard, tiny pelets that
provide amost no manure for the plant world.

While the ungulates food conssts mainly of cdlulose, and the rodents
prefer food especialy rich in energy, the carnivores take into themsdlves the
protein found in the meat and blood of their prey. This food, of course, adso
requires a powerful digestive activity, but it lies much coser to the
carnivores own bodily substance than does the cdlulose that nourishes the
ungulates. The three groups, therefore, may be summarized as follows (the
important role of exceptions will be discussed later):

Rodents Carnivores Ungulates
Nourishing food rich Foods similar to Foods difficult to
in energy the body's own assimilate
substance

Fats, ails, starch Protein Cellulose

There is an inverse relationship between the quality of the food ingested
and the bodily sze of the animal eating it: in mice, rich, nourishing food
produces a body that contains almost no fat deposits for use as energy
reserves. The opposite is true of the ungulates; they take in relatively poor
food and yet develop from it substantial fatty deposits that are stored in
subcutaneous tissue (producing ham in pigs), around the mesocolon, and
around the kidney (producing besf suet in cattle). The ungulate gathers the
substances taken over from the plant world and unconscioudy works to
enrich  the energy they contain. While the nervous constitution
characteristically bresks down substances, the metabolic one rebuilds and
augments them. The nutritive processes of the carnivores represent an



intermediate state. When a leopard devours a gazelle, a true change of
substance does of course take place during digestion, but the change from
one form of protein to another hardly aters the chemica energy level.

The formation of the teeth is of great importance for the biology of form.
Let us first consider the human mouth. Its most tactile and sensitive part is
the front: the surface of the lips and the tip of the tongue. Here, food is
touched and examined, then bitten off with the incisors and taken in. Next, it
is thoroughly chewed and tasted. The processes that follow become more and
more unconscious and uncontrolled. The chewed and ensalivated food is
moved back to the region of the posterior tongue and the soft palate,
automatically bringing about the act of swallowing. The food then passes into
the completely unconscious part of the physical organism. Thus the three
parts of the oral cavity are arranged as follows: in the anterior part, the
conscious nerve-sense pole is predominant; in the rhythmic chewing and
tasting, the middle system prevails; in the unconscious throat area, the
metabolic system predominates.

This threefold structure is expressed visually in the formation of the teeth.
The incisors of man are thin and slender, with narrow cutting edges, the
molars in the back are broad, with wide crowns and slightly curved grinding
surfaces. In position and shape the canines, with their rounded yet pointed
structure, take their place between the other two.

The following table shows the basic tripartite structure of the teeth:

Incisors Canines Molars
Nerve-sense oriented Dominated by the middle Metabolic-limb
system of breathing oriented

and circulation

The teeth are formed twice. First, the milk teeth develop; there are two
incisors, one canine and two molars in both sdes of each jaw, making a total
of twenty teeth. At the time of the second dentition, the roots are dissolved
and the crowns shed. The permanent set of teeth adds three molars in each
section of the mouth in addition to the twenty teeth that are replaced, so that
the adult comes to have thirty-two teeth. Because of their position, the re-
placed back teeth are caled premolars and the newly formed ones, molars.
Molars and premolars are very similar in shape.

Let us turn again to the animals. Kipp thoroughly studied the threefold
agpect of the mammals' teeth (1952). The rodents, since they are primarily
snse oriented animals, show a highly specialized development of the anterior
incisors; they have two long gnawing teeth shaped like chisds in both the
upper and lower jaws. Canines are lacking. We find very few molars in
typical rodents (mice, rats, hamsters), and these are called molars since they
have no precursors, for the milk teeth are skipped even in the embryonic
stage.
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In carnivores the canines are predominant and are often many times as
long as the other teeth. The incisors are rather small, and those next to the
canines are sometimes even shaped like them, as in the lion (Plate 105) and
the fur sed (Plate 114). The molars, with their pointed crowns, aso take on
some of the characteristics of the canines; the largest of them is in fact caled
the laniary or 'tearing tooth.

In ungulates, on the other hand, the molars are particularly
well developed. With their varied, complicated formations of cusps and
crescents, these teeth are both large and numerous in the posterior oral
cavities of horses, rhinoceroses, pigs, hippopotami, camds, giraffes, deer,
sheep, and cattle. The teeth of the ruminants are especially characteristic; in
these the processes of the nerve-sense and rhythmic systems are so completely
dominated by the forces of digestion that the cow's upper jaw has no incisors
or canines at al! The incisors and canines of the lower jaw form a broad,
shovel-like plate that cannot be used for biting, but only for tearing. The
molars predominate. Thus the characteristic forms of mammals' teeth become
understandable;

Rodents Carnivores Ungulates
Incisors accentuated Canines accentuated Molars accentuated

It is significant that all rodents and most ungulates lack canines, the
intermediate tooth form. Between the incisors and molars of these animal
groups there is a large gap (diastema) that is usually much larger than the
gpace canines would occupy.

Naturally, the jaw's principal direction of motion in eating is vertical—a
coming together of the upper and lower teeth. Yet in the rodents, the
direction of the chewing motion is mainly forward and backward, while
among the ungulates it is more lateral. Among the carnivores this motion is
entirely vertical. The mandible joins the cranium correspondingly.
G. H. Schubert remarked as early as 1850 that:

Three main directions of moving the jawvs agang one another differentiste the
carnivores, rodents and ungulates the vertical, or up and down; the direction dong the
length of the head, forward and backward; and findly, laterally from dde to Sde They
are dl combined in man, who is dmog equaly cgpable of them all.

Turning again to man, we notice the specid harmony of his dental
structure. All tooth forms are present; no one form is predominant over or
larger than the others; there are no gaps. Yet the teeth are not al alike. They
are progressively modified in a sequence that is continuous, yet brings out a
threefold differentiation. If one asks how the nerve-sense, rhythmic, and
metabolic-limb sysems are organized in relationship to one another in man,
he will find a complete answer in the arrangement of the human teeth.

3. From the top down, dentition and skull formetion of a rodent, carnivore,
ungulate, and men (not drawn to scale).
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Another phenomenon essential to the biology of form is the size a living
organism builds up in space. This question touches upon a different side of
the problem of space in the living world than that of the relationship of
symmetry to asymmetry. Here again we can observe how specific is the
relationship of a living organism to space. Every plant and animal Species
takes up a more or less characteristic amount of space. An oak, although its
final height remains quite variable, grows to a size that is different from that
of a bean plant. The size of any adult animal, especidly among the more
highly developed ones, is relatively fixed. Does the sze of an animal have
some understandable relationship with its other specia characteristics? Goethe
touched upon this point in his studies on bone structure (1759). He wrote:

At this point an observation must be made that is significant for natural history in
general. The question arises: Does size influence shape and form, and to what extent? . . .
At first sight we might assume that it should be equally possible for a lion as for an
elephant to attain a length of twenty feet. . . . Experience shows us, however, that a
fully developed mammal does not exceed a certain size, and that when size increases,
form starts to disintegrate and monsters develop.

In ordinary experience, we unconscioudy take for granted that the natura
sze of each organism is subject to some kind of order. Physics tells us that
Sgze and volume do not increase a equal rates, when height grows in one
dimension, volume increases in three. The larger an animal is, the stronger its
skeletd structure must be in order to support its weight. Thus the largest of
mammals, the whale, can live only in water; on land it would be suffocated
by its own weight, as sometimes happens when great whales are stranded.
Very smdl animals, on the other hand, such as ants, can carry objects much
heavier than their own bodies; or, like grasshoppers, they can jump quite high
in relation to their size (Slijper, 1967).

Still, the living form of an animal cannot be predicted on the bass of some
geometrical ratio. Thus we find the same skeletal shape in both the African
elephant and the dwarf elephant recently discovered by Accardi in the
Pleistocene caves of Sicily. Fossl remains of this anima show that its sze
was equa only to that of a large dog. This example may be somewhat
extreme, so we turn first to the mammals most familiar to us. Is there some
way of discovering in them the underlying principle that governs their sze?
To this end, we list the following representatives of the three main groups:

Rodents Carnivores Ungulates
Mice Wild cats Cattle
Rats Lynxes Bison
Dormice Foxes Deer
Squirrels Wolves Moose
Ground squirrels Seds Horses

We notice at once that each group tends to have a common size. Ungulates
usually develop large bodies; rodents, extremely small ones. Once again the
carnivores occupy the middle position. For the individua structure and



function of an animal, the amount of space its organism takes up is not a
matter of indifference. The space it occupies is distinctly relevant to its style
of living. Strongly sense oriented animals take up only a smal space, those
dominated by the metabolic-limb sysem fill out large forms, and
representatives of the rhythmic middle sysem occupy an intermediate
position in their relaionship to space. Once again space shows its hiological
importance.

It is now necessary to go beyond the general threefold classification of
rodents, carnivores and ungulates, and to examine the more specific animal
forms of dngle families, genera and species. The reader must decide for
himsdf whether or not the idea of threefold structure and function can
explain many of the secrets these organisms bear within them. The following
chapters may be regarded as offering supporting evidence. In them we shal
test in detaill whether our approach can prove fruitful, particularly when
applied to phenomena that remain unexplained by previous work in
mammology. The mammals indigenous to Europe will be dealt with most
fully, but our observations will include non-European representatives of the
mammalian world as well. Our discusson of form will center around three
motifs. size, coloration and shape.
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IV The Carnivores and Whales

The adult's experience of nature is quite different from the child's. We may
scarcely recal what it was in the forest that occupied us so completely as
children. As adults, we attend to the distant view over a broad valley, while
the child finds pine cones, a blade of grass, a flower. We love to gaze out
over the sea, while the child sees only the shels aong its shore, in al their
singularity. We take notice of the breadth of the landscape more than the
flower growing next to us, the view from the peak more than the vein in the
rock on which we stand. Livius reports that Philip of Macedon, the father of
Alexander the Great, climbed Mount Haemos in Thrace in order to se the
Black Sea and the Adriatic at the same time. "Philip of Macedon wishes to
encompass with one glance what as a rule can be seen only in succession; in
the world of the sensss he saeks to experience what is normally achieved only
in thought" (Huseman). We love unity; the child, diversity.

The child's experiences, however, are by no means fragmentary. He has an
amost dreamlike awareness of the deep relationships uniting al things. The
opposite may be true, as well. The adult, too, sometimes has unique
impressions; he, too, can suddenly be struck by a 'quite common' plant in its
incomparable existence, so little noticed before. The child, living in pure
observation, dreams the universal. Because the adult often takes note of the
phenomena before him only insofar as they confirm his own concepts,
judgments and theories, he 'dreams the greater part of his perceptions
content. It is dmogt frightening to consider how much of the 'al too familiar'
remains utterly strange and inaccessible to us. To observe nature aright, we
must ultimately recapture the child's joy in each phenomenon, without
sacrificing our ability to comprehend the universal principles that underlie it.
Only when we have trained our perceptions in this way shal we be attracted
once again by a weasd or a fox, a sed or a dolphin, rediscovering their
unique existence.

The carnivores mogt familiar to us are the domesticated dog, descended
from the wolf, and the cat, descended from the African wild cat. These two
animals were tamed in ancient times. In the cat the snses of sight and
hearing are especialy well developed. Its long whiskers and eye 'brows' give
further indication of its delicate sensitivity. The dog, on the other hand, has
developed one of the duller snses that of smell. The cat's senstive
constitution is also reveded in its paws, whose claws are retractile, in contrast
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with the dog, whose limbs have become tools for running, with immovable
claws. The dog is not even strictly carnivorous; it finds a mixed diet most
acceptable. If given only mesat, it sometimes buries the bones in order to
obtain a food that has decomposed and become rich in bacteria. The wolf,
too, tends to eat carrion, and both wolves and foxes occasionally eat berries,
in order to supplement their all-meat diet.

All this is disdained by the cat. With the exception of milk, its taste runs to
pure meat, rich in blood. Even its method of obtaining food is in keeping
with its strongly developed sense organization: it prowls stealthily, then
crouches motionless, with al its snses aert, and finally pounces with
lightning speed. The wolves, on the other hand, as well as their descendants,
the dogs, hunt by pursuit. Tirdlesdy they drive their victim until it is
exhausted and must surrender. The cat hunts primarily with its senses thus
avoiding great physical exertion; the dog hunts with its limbs, powerfully
activating its metabolism. Thus the dog and cat have developed polaric dif-
ferences within the basic behavior of ‘attack’ typical of all carnivores.

Tamed no earlier than about 1500 B.C., the cat remains an 'individualist,
a loner whose attachment to the house is often greater than its attachment to
man. The dog is the more dependent of the two, more 'loyal' and good-
natured, and is often kept by lonely people as a subgtitute for a lost
relative. The dog inherits this instinct for life-long attachment precisely from
its ancestor the wolf, who lives in the strong community of the pack. Thus
the dog is able to direct this instinct towards man, while the cat, having
inherited no comparable ingtinct, is unable to do so. Anyone who has owned
both these animals can easily recognize the congtitutional difference between
them. The cat manifests primarily the nerve-sense organization; the dog,
metabolic-limb processes. And yet in their supple agility, well-proportioned
form, and moderate sze, both are typical carnivores, shaped primarily by the
rhythmic system.

In addition to the wild cat, we dso find in Europe the lynx, a large animal
with brushlike, elongated hairs on the tips of its ears, whiskers, a rather short
tail, and long, powerful limbs. Often, it covers great distances in a short time,
and it aso makes use of its limbs when capturing prey. In this animal the
fdine type dlightly approaches the canine. Among the dogs, on the other
hand, we find the small fox, with its short legs and long tail; this animal
generaly stalks its prey or lies in wait for it, thus representing a rather sense
oriented member of the canine group. Thus the basic contrast we have
discovered between the sense-active cats and the metabolically oriented dogs
dso exigs within each of these groups. The fox, compared with other
European canines, has rather fdine characteristics, while the lynx is amost
dog-like among the cats. Even so, however, the lynx, Europe's largest cat,

4. European wildcat (1/7 X) and wolf (1/13 X).
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remains smaller than the wolf. Correspondingly, the fox, the smallest of the
canines, is larger than the wildcat. This fact is quite significant for the
biology of form, for as we have seen, size is dependent upon the relationship
between the sense and metabolic systems. Thus the very size of the different
animals is indicative of the order inherent within the multiplicity of nature.

Qentral Carnivores
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We turn now to the smallest European carnivores, the martens and weasels.
As we might expect from their size, these carnivores are very sense-active,
nervous and restless. Such unrest so pervades the nature of the common weasel
that this animal requires constant freedom of movement and adjusts to
captivity only with extreme difficulty. Its diet is significant; for the weasd is
not satisfied with meat alone, but prefers a kind of nourishment still richer in
energy and easier to digest than meat: the blood of its victims. It is well
known that the beech marten, when it invades a chicken coop, does not
appease its hunger with one chicken but satiates itsef with the blood of them
all. Only when there is no more blood and the brain has been devoured does
the marten settle for meat.

The European marten family is itsdf divided into three groups: the
extremely sense oriented species, such as the weasels; the central animals, such
as the martens; and species such as the badger, which, despite its membership
in the most sense oriented group of carnivores, is strongly influenced by the
metabolism.

Marten Family.
(Mustelidae)

Weesd Marten Badger

There are, of course, several species of weasdls and martens in Europe: for
example, the polecat, ermine, dwarf weasel, mink, pine marten, and so forth.

5. The red fox, above, and the lynx (eech 1/9 X).
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How can we find order in such variety? It is relatively essy to find the
extremes. The smallest of the weasds, the common and dwarf weasds, are
extraordinarily aggressive, even wildly so (Herter). They often take on much
stronger opponents, such as the buzzard or the owl, if these have mistaken
them for mice. The stronger opponent, of course, is usually victorious. These
small weasds are so erascible because in them a vivid life of the senses is
strongly bound up with the aggressve nature of the carnivore. Normally,
these animals prey upon mice. They are able to make themsdves nearly as
dender as their victim and to follow it into every mouse hole, from which it
cannot hope to escape.

The badger is the largest European member of the marten family. During
the night this animal ambles along the damp forest floor, enjoying its search
for snals, earthworms, beetles, roots and berries, snapping up a
warm-blooded mouse only when one happens to cross its path. Thus the
badger's metabolic sysem is so strong as to make this animal amost
vegetarian! Because of the diminished activity of its physicaly debilitating
ene sysem, the badger is able to build up immense fat deposits and to feed
upon these during hibernation. One must se a deeping badger in order to
have some idea of its dmost passionate turning inward towards its own
metabolism: snuffling deeply, it lies curled up, its nose buried in the fur of its
belly.

How do the other members of the marten family fit in between the dwarf
weasd and the badger? At this point we must make ourselves conscioudy
aware of a difficulty that may arise. For the rest of the mustelids do not
arrange themselves neatly in linear sequence between the sense-active dwarf
weasd and the metabolically dominated badger. The living variety of these
animals cannot be reduced to a graduated scade on which each gpecies could
be ranked according to the degree in which one tendency predominates in it
over the polar opposite; for the two tendencies do not smply stand opposed
in ways that would cancel each other. They actively organize themsdves in
relation to one another. And they are not mere concepts but actually existing
capacities within the animals. It is because of these rea capacities that a
middle ground invariably exists, representing par excellence the ability of an
organism to coordinate within itsdf opposing tendencies. For this reason, in
the final analysis, nature is not duaistic but triadic, or threefold.

Among the mustdids, the martens themselves most strongly possess these
actively mediating processes. The pine and beech martens, as well as the otter,
as members of the central group within this family, form its harmonious, basic
type. The pine marten is the best example of this middie group; a small,
muscular athlete, it scampers with agility and admirable strength through
the treetops. The larger otter, by contrast, dightly accentuates the
metabolism. Still, it does not resemble the shuffling badger but gives the

6. From the top down, pine marten, beach marten, otter (1/5.5X, /5.5 X, 1/7 X).
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impression of strength and energy combined with wary repose. This dight
accentuation of the metabolism aso becomes evident in the kind of food the
otter eats: the flesh of crustaceans and fish is more alien and dissimilar to the
protein of its own body than is the meat of warm-blooded animals. In size
the otter surpasses the martens significantly, if not by very much. It is
noteworthy, too, that the otter, although undoubtedly descended from land
animals, secondarily chooses the water as its life-dlement (Plate 109). This
fact will prove quite basic to the otter's position within the whole of the
marten family, for we shal find in the course of our study many other
examples of this secondary adaptation to an aquatic way of life.

Marten Family
- a
A TN
A 4
o ; e .
Weesd Marten Otter? Badger

We have already mentioned the relationship between the size of an animal
and the organic system dominant within it. In the observations that follow
the validity of this motif will be borne out again and again. We may
therefore consider at the same time another moatif, the outward coloring of
the animal's form: its coloration. Here we touch upon a much-discussed
complex of questions that is only now beginning to be understood. Portmann
(1957) has concluded that coloring shows too many 'accessory' characteristics
to be explained causally on the basis of mutation and selection. On the other
hand, it has too many 'unaddressed’ characteristics to be considered purely
functional (protective, warning or attractive). The meaning of coloration,
according to Portmann, is to a great extent to be found in the 'self-expression’
of the particular species. This concept of Portmann's has either been rejected
without understanding, or accepted as a complete explanation that renders any
further questioning unnecessary. Neither approach has proved helpful. In
what follows we shall try to understand the way in which the organization of
aparticular species is expressed in its coloration.

We may begin by observing that, in general, sense oriented forms have
sharply contrasting, dark dorsal and light ventral sides, while metabolically
oriented species tend toward a uniformly dark coloration. The reasons behind
this basic distinction, as well as its complexities, will become clear in the
discussion that follows.

When, for example, we compare the beech marten with the otter, we
observe that both have a dark upper side and a light-colored throat and
chest. In the otter the dark color merges gradually with the light. In the

7. Above, Eurasan polecat and badger (1/6 X), below, the honey badger of Africa
and India(1/4 X).









beech marten the two colors are sharply s& off from one another; the white
of the throat is clearer than that of the otter and extends over the front of
the chest to the axillae of the forelegs. These fine distinctions cannot be
taken serioudy enough. The beech marten, more sensitive and open to the
surrounding world, sharply contrasts the colors of its upper and lower sdes,
while the otter, with its stronger metabolism, tends toward a homogeneous
coloring. Here again, we must remind ourselves of the fact that every detall
in an organism is a reflection of its basic organization.

The pine marten, closdly related to the beech marten, is somewhat larger
and more powerful than the latter. The spot on its throat is of a les
contrasting, even yellow, color, and is confined to the throat alone. In the
pine marten, then, the markings typical of the beech marten are dightly less
accentuated. The pine marten redly is the 'prince of martens (German
Edelmarder or 'noble marten’), with an organization as finely balanced as is
possible within the marten family.

_ Marten Family
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In observing the wessds, we se a once that their color pattern is
characterigtically more extreme than the beech marten's. As the most
sense-active members of the marten family, they have a light brown dorsal
dde and a sharply defined white coloring that extends over the entire ventral
sde. The least, or pygmy, weasd, as the smdlest member of the group, shows
this white coloring even on its paws. In the common weasdl, which is only
dightly larger, it is the brown color that has become dominant on the limbs!
Even the irregular borderline between the two colors shows how the common
weasd manages to avoid the extreme color pattern shown by its smaller
cousin.

The stoat, or ermine, indicates in its larger d9ze an even further retreat
from one-sidedness. Its coloration is remarkably well correlated with this
tendency towards balance: the brown of its upper dde is darker than that of
either weasdl, and the tip of its tail is even black. The influence of the sense
organization is again expressed in the straight-lined color division between
upper and lower sides, even as an inclination towards the metabolic system is
announced by the black tail tip. In the ermine, both tendencies within the

8. Above left, least weasdl, right, common weasdl, below left, ermine, right, European
mink (each 1/3 X).
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weasa type are brought together. Though more balanced in form than the
small weasdls, which can amost be mistaken for mice, this animal is still
obviously a weasel. We may thus extend our survey as follows:

_ Weasels
.~ (Mustelinae)

. |
i ' 1

I
Least Wead Common Weesd Ermine

There remain two additional members of the European marten family, the
mink and the polecat. Both are so closaly related to the weasdls that they are
designated by the same generic name, Mustela. But the coloring of the mink is
quite different: uniformly dark brown. The white color of the underside has
receded to the head, where it appears only in small spots on the lower jaw
and upper lip. It is as though the black tip of the ermine's tail had taken
possession of the entire animal from behind. Only at the foremost point of
the head, at the sense pole, does a last vestige of the white underside remain.
This amost completely homogeneous coloring is an indication of the mink's
strong metabolism. This animal feeds chiefly upon cold-blooded frogs and
fish. It lives just as well in water as on land and has rudimentary webs
between its toes. In addition, it is still larger than the ermine. Yet it is such a
balanced mustelid that it represents, in fact, the metabolicaly oriented
counterpart of the ermine™.

Weed

Ermine Mink

The polecat, the largest member of the European weasd family,
'metabolizes’ even further. Frogs are its favorite food. Yet its diet also ranges
from the occupants of hen houses and rabbit hutches to rats, mice, snakes,
fish, snails, earthworms and beetles, and even fruit and honey. If these
omnivorous eating habits seem unusua in a member of the weasal family, its
coloring is just as strange. The basic color of its fur is brownish-black. On the
ventral sde this color has intensified to a deep black. The dorsal side, on the



other hand, is lighter, in parts even yellowish-brown! The dark upper sde
and light lower dde typical of most sense oriented animals are here reversed.
(In the discusson that follows we shall refer to this pattern as ‘inverted
coloration.") But what has happened to the white color? It has moved up to
the head. The tip of the snout, the temples, and the edges of the ears are
brilliant white, contrasting with the degp brown-black to create a conspicuous
facial design (Plate 108). Inverted coloration and sharply contrasting patterns
on the head are characteristic of the polecat. Can this be connected with the
fact that the polecat has the strongest metabolism of any member of its snse
oriented group?

The contrast we have found between the colorations of the ermine and
mink is even further intensified by the smal wessds and the polecat. The
greatest degree of contrast within this family is found between the dwarf
weasd and the badger. The badger's underside and limbs are pure black, its
upper sde, whitish gray. Its head has sharply contrasting black and white
stripes that make it even more striking than that of the polecat. As a repre-
sentative of the metabolic sysem within a group generally dominated by the
s$ne organization, the badger shows the strongest color inversion and head
markings of the European animal world. The North American badger shows
a similar color inversion, with small differences. The median white line of the
head is narrower than that of the European badger and extends down aong
the back; the cheeks are white, and there is a strongly contrasting black spot
in front of each ear.

On the bass of the above observations, the European carnivores of the
marten family may be arranged in the following order:

Marten Family
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This systematic arrangement not only takes into account the variety of this
group, but a the same time it provides an ordered structure that is in
harmony with the threefold concept. Each characteristic is of basic
significance, and this significance is there for al to see

We can dso observe certain basc tendencies in each species choice of
habitat. Within any of the middie groups, for example, those animals with
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strong metabolic systems particularly love the water and are adapted to life
in rivers, lakes, brooks or ponds. This tendency is more pronounced, the more
strongly the middle sysem predominates, as it does in the mink and
especially in the otter (Plate 109). The sea otter even lives in the ocean, aong
the North Pacific coasts. The sense oriented representatives of the middle
group, on the other hand, sk out a different habitat, namely, that of the
trees. The pine marten, for example, is an excellent tree-climber.

The most sense-active animals typically choose a habitat in which the
animal can instantly hide and just as suddenly reappear: grass thickets,
rubble, dead leaves, dense underbrush, fdlen tree trunks, low shrubbery,
broken walls—in short, wherever it is able both to move about in con-
tinuous contact with solid ground and to hide quickly. Here the nervous
constitution is given full rein. The dwarf weasd, for example, cregps on its
short legs so dose to the ground that one might amost mistake it for a large
caterpillar. Suddenly, however, the little creature sits up on its haunches and
for a moment lifts its head above the level of the grass, only to go undulating
off again in some other direction. The beech marten, the most senstive
member of the marten group, aso lives on ground level but is not so rigidly
bound to it, for it can jump, climb, swim and dig equally well.

Metabolically oriented members of primarily sense-active groups typically
dig and occupy deep burrows. This is true of the polecat and particularly of
the badger. Both animals require periods of undisturbed peace; far from the
events taking place on the earth's surface, they can give themseaves over to
their own digestion and to the deep they so profoundly enjoy.

Coloration, as we have seen, is dso basic; and it has a specid relationship
not only to the animal's own organization, but aso to its behavior within the
environment. The coloring of the nerve-sense oriented forms, with their dark
upper and light lower sides, is clearly protective. Within their own
environment, these animas are equally inconspicuous whether ssen from
above or below; for when looking down, we tend to see darkness rather than
light and when looking up, primarily light; these animals therefore contrast
but little with their background. Such coloration also diminishes the natural
brightness from above and the shadowing of the underside, so that, for the
observer, the anima loses in spatiadl depth and is hardly noticeable. In
appearance, then, the sense-active congtitution blends with its environment,
contrasts with it but little, and is little noticed (cryptic coloration).

The badger, on the other hand, has a conspicuous (semantic) coloration.
This animal's inverted coloring makes it quite visible, and the strongly
contrasting pattern of its head attracts additional attention. Because this
member of a snse oriented group is secondarily dominated by the
metabolism, it really belongs to a separate group of its own; and it is this
quality of uniqueness that it expresses so strikingly in its coloration.

This tendency toward semantic coloration is first seen in the polecat and
reaches its peak in the honey badger of Africa and southern Asia. This



animal's entire underside is dark, while its upper side is pure white. Spreading
out from the head, the light coloring has here taken over the entire upper side
of the body and has come to fullest expression™.

But why should the otter's coloring be so unexpressive? The answer lies in
the fact that this animal belongs to a group that is at least partially
dominated by the middle system. For if we look at the polar opposites within
this middle group (the beech marten and the otter), we see in their coloration
only hints of the differences found between the sense oriented and
metabolically dominated extremes. And even within the sense oriented weasel
group itsdf, the polarically opposite species (the dwarf weasd and the
polecat) show greatly contrasting colorations. Apparently, such contrasts
develop more readily in one-sided groups than in central ones. In such
extreme groups, the equalizing central possibilities are lacking; thus, the
difference in coloring between the ermine and the mink is quite pronounced.
Within groups whose basic characteristic is a mediating ability, the resulting
harmony is shown aso in the individual forms relatively small deviation
from the basic type. Thus the sable of Eastern Europe and Asia® and the
mighty sea otter of the North Pacific have a uniformly dark coloring. Despite
the relatively well developed metabolic systems of these animals, the
underside conforms in color with the upper side; color inversions and head
patterns are absent. Extreme colorations are avoided.

Yet another motif is revealed through close observation of the European
marten family: most species (five) are sense oriented, while only three belong
to the middle group, and there is only one metabolically oriented species, the
badger. Animals with strongly developed senses are evidently more apt to
divide into different species than other groups are. The formative possibilities
are directed not so much towards developing a common type as towards
producing many small forms whose bodily growth comes quickly to an end.
As numerous in species as they are, members of the weasal group are all
similar in shape. In the genus Mustela there are 13 species, in the subfamily of
the weasds (Mustelinae) there are 24, and in the entire marten family
(Mustelidae), 65. The badger, on the other hand, is the only species in its
genus, and in its subfamily there are a total of only 7 species, which are
divided among 5 genera (Haltenorth, 1953-55). Here, in amost every case,
the species stands on the level of the genus, so that each species forms its own
genus. The differentiation into species is here restrained in favor of developing
a powerful common type, making it possible for large animas with a strong
metabolism to appear. Thus in the faunal balance, the badger species is equal
in weight to the multiplicity of different weasel species; it is, so to speak, its
own entire family.

The single metabolic form and the grouping of many related sense oriented
forms stand in a complementary relationship that is also apparent in a survey
of the mgor groups of mammals. Thus, if 100 % represents the total number
of living mammal species, the rodents comprise 46.4 %, the carnivores and
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whales 14.3 % and the ungulates 104 %; the additional 28.9 % includes all
other mammals (calculated according to Krummbiegel, 1953/55). The most
sense oriented group, the rodents, has been most active in splitting off into
many, relatively similar species. In this tendency the marten family among
the carnivores resembles the rodents. "Indeed, the mustelids are almost
rodent-like in their extreme polyphyly and convergences and offer taxonomic
difficulties like those of the Rodentia on a smaller scale" (Simpson).

Let us also compare the more limited circle of relationships of the feline
and canine groups. Both families are well baanced, central carnivores; their
gpecies number 35 and 32, respectively, and differ from one another but little.
Yet here again, the sense oriented cats have the greater number of species. The
same holds true within each family. The wild cat is one of 22 gpecies of the
subfamily of smal cats; the subfamily of the Iynx, on the other hand, has
only 5 gpecies in the world. The wolf is the only species in the genus Canis;
the genus Vulpes of the fox, however, has divided into a total of 11 species
(Haltenorth, 1953-55). Exactly how this differentiation of species relates to
the living constitution of each animal remains to be examined more closdly.

How different from the wessds, cats and dogs are the sealsl Mighty
animals up to 17 feat (5 meters) in length (elephant sedl), having stout bodies
with thick layers of fat beneath the skin, they wallow aong in the sand of
the seashore or glide gracefully under the water. Yet despite their size, they
are genuine carnivores. They are exclusively carnivorous; their teeth are
dominated by the canines; the three wrist bones (the scaphoid, lunate, and
capitate bones), like those of terrestrial carnivores, are fused; the placentas of
these animals are adso similar to theirs (sse Chapter X). Names like sea dog
(harbor sedl), leopard sed, sea lion, and sea bear (fur sedl) attest to their
carnivorous nature. What then is the basis for their separation from land
carnivores? Why is it that precisely these carnivores have become aguatic?

Evidently, their aguatic way of life is connected with the fact that, as
carnivores, they are dominated by the middle system, while they are
secondarily influenced by a strong metabolism. Evidence of the latter comes
to light in their massive bodies, their long intestines, and, as we shall seg in
the reduction in the number of their incisors. Beyond all these details, of
course, it is their overall appearance that gives strongest evidence of this
metabolic influence. These animas demonstrate on a large scale tendencies we
have aready discovered in the mink and otter among the marten family. For
the sedls, too, are certainly descended from land animals; their choice of the
watery element as a habitat must surely be associated with the fact that they

9. Harbor seal (1/13 X).
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are middle forms that have developed an intensfied metabolism. The
carnivores are dafter al the centra group of mammas, and their
metabolically oriented subgroup is the seds. What we have found, in the
mink and the otter, as limited tendencies toward large sze and a preference
for life in the water, comes to full expressions in the sedls.

As cumsy as the seds appear on land, they move in the water with
incomparable grace. In harmonious curves they virtually fly through their
eement, surfacing now and again to breathe, and aways engaged in play
with their own kind and with the water. For months at a time they live, eat,
play and deep on the high seas covering vast distances in this way during
their migrations. Some of the species that live near the coast, such as the
harbor sed, still return to land regularly for short intervals to sun themselves,
but most do so only in order to mate and give birth. Their shape and
particularly their limbs are even more strongly transformed for life in the
water than are those of the otter. The fordimbs have become effective
paddles; the hind legs in their most highly developed form have fused so
completely that they can no longer be turned forward but, like the tail fins of
a fish, are directed backward to serve the motion of swimming. The more
complete the adaptation to water in each species, the smdler its external ears.
The muscles used by land mammals to move the auricles are transformed into
sphincter muscles that close off the auditory canal under water. The nostrils,
too, are closed under water and must be actively opened for breathing. All
these organ transformations are a necessary part of the process, so
extraordinary in a lung-breathing animal, of making possble its life in the
water.

What follows is intended as an introduction to the great variety of forms to
be found in the sed family. In sequence from the eared sedls (otariids) to the
Cystophorinae, we s an increasing perfection of the ability to live in water.
The Cystophorinae—including the eleven-foot-long (three meter) hooded sedl,
a home among the drift ice north of Iceland, and the elephant sed of the
North Pecific and the Antarctic—are the most representative members of
this group. The elephant sed is the largest of the sedls. The males of this
Species grow to be powerful animals measuring as much as 18 feet (or 540
meters) in length and weighing up to about four tons (or 3.65 metric tons).
(The heaviest terrestrial carnivore, the Kodiak bear, weighs 'only' 0.85 tons or
0.77 metric tons.) The nose that gives this animal its name has two massve
inflatable sacs that can be arched forward to form a trunk 10 inches
(25 centimeters) in length.

The configuration of the teeth in these animals is very instructive. All land
carnivores have three incisors in each ramus of the upper and lower jaws. In
the seds, with the growing dominance of the metabolism, these teeth decrease

10. From the top down, s lion, warus, grey sed, hooded sed, dephant s

1/33 X).






58

Family: Otariidae Odobenidae Phocidae
EaedSHs Wdrus Phocinae  Monachinae Cystophorinae
and

Lobodontinae

Number of . | . . .
indsors in = o el =
eech ramus : : - : !

It is quite significant that in all seds the first set of teeth, the milk teeth,
scarcely makes an appearance. These teeth are still to be seen in newborn
eared seds, but are replaced by the permanent teeth that follow close behind.
In the harbor seds this change of teeth is accomplished even before birth;
and in the elephant sedl the milk teeth never even penetrate the gums, but are
reabsorbed within the mother's body. This animal is born with a complete set
of permanent teeth.

It is equally noteworthy that the number of teeth not only varies from one
goecies to another, but is more variable than usual even within a given
species. Thus on occasion walruses have been found to have not just one
canine in each half of the upper jaw, as do al other mammals, but three
(Scheffer). The number of molars in particular is quite variable. Occasionaly
a few are missing; more frequently, however, extra ones appear (Weber).

Polarically opposite the elephant sedls are the more sense oriented eared sedls,
which, unlike al other seds, have outwardly visible externa ears (Plate 112).
These animals can leap high out of the water; in the circus we admire the
unexpected artistry of their agile performance, and in the zoo, their great
speed and jumping capacity. The anterior and posterior limbs have not grown
s0 deeply into the body as those of the eephant sedls, so that these animals
are gtill able to use their limbs to raise their torsos off the ground; they can
dso dill turn their hind limbs forward under their bodies; and the soles of
their feet are hairless.

The walrus has the same mobility of the hind limbs the eared seds have, but
it no longer has external ears. More metabolic in orientation than the eared
seds, this animal grows to massive size. It dso lacks the wonderful pelt
grown by many eared seds and coarsens its entire head organization by
transforming the canines into powerful tusks that protrude far out of the
mouth, and by adorning its muzzle with a stiff-bristied beard. These tusks



help the animal to dislodge shellfish, its principal food, from the ocean floor
in coastal waters. While eared sedls feed on the fish they catch in the open
sea, the walrus grazes on submerged 'meadows of shellfish. This primitive
food is chewed up and swallowed together with the shells.

The group of seals most thoroughly adapted to water, the phocids, or true
seals, lack external ears, and on land they can no longer turn their hind limbs
forward. In them, the requirements of the aquatic life wholly predominate.

_Seds
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The seaworthiness of the sedls is surpassed only by that of the whales. In
them the highest degree of mammalian adaptation to water is attained. The
hind limbs in particular have degenerated amost completely, while the
forelimbs are restricted to finlike appendages. Even mating and birth take
place in the water. Aristotle recognized the whales as mammals, but men of
late antiquity, the Middle Ages, and the Renaissance believed them to be
fishes. In 1693 it became apparent to John Ray that whales have warm
blood, breathe by means of lungs, and bear fully gestated young, which they
suckle with milk. From that time on the whales have been regarded as one of
the most astonishing riddles of the mammalian world.

The vast mgjority of whales live in the open seas;, only a few small species
live in fresh water (the Ganges, Amazon, and LaPlata dolphins, as well as
the white flag dolphin of China). Usually they avoid coastal waters, for to be
washed up on the sand means certain death for the great whales. When they
are deprived of the water's buoyancy, the mass of their own bodies prevents
them from breathing and eventually suffocates them. In the water, however,
they seem to weigh far less, since their own weight is diminished by the mass
of the water they displace. Surfacing and diving through great walls of waves,
these animals move in herds through the breadth of the ocean, the larger
species sailing peacefully and majestically, the smaller ones, such as porpoises
and dolphins, in narrow circles, jumping and playing with one another. Into
the endless seascape of the ocean, with its jellyfish, crustaceans, fish, and sea
turtles, an animal life that seems rigid and cold, these animals bring their
warm-hearted friendliness. Thor Heyerdahl gives the following account of his
voyage across the Pacific on the raft Kon-Tiki:

... We gtarted when suddenly something behind us blew hard like a svimming horse
and a big whae came up and stared a us, so dose that we saw a shine like a polished
shoe down through its blowhole. It was 0 unusud to hear red bresthing out a seq,
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where dl living crestures wriggle slently about without lungs and quiver their gills,
that we redly had awam family feding for our old distant cousin the whae, who like
us hed drayed <o far out to sea ... Here we had a vist from something which re-
cdled a wdl-fed jovia hippopotamus in a zoologicd garden and which actudly
bresthed—that made a mog pleasant impression on me—before it sank into the s
again and disappeared.

Many ancient tales of the helpfulness of dolphins and their friendship with
man have been confirmed today, since in recent decades zoologists have begun
to study them more closdy (Alpers). They are most playful and teachable
animals whose ability to learn surpasses the accomplishments of even the
anthropoid apes.

Among the giant whales, this highly developed soul life seems to be locked
away deep within the body. Mae sperm whaes, which can attain a length of
about 75 feet (or 5 meters) (Plate 118), dive in only 40 minutes to a depth
of about 3000 feet (1000 meters); they have been found entangled in under-
water cables at this depth. There they search for the giant squid, their
principal food. Upon surfacing, they exhae steam-saturated air as a pae
cloud 20-25 feet (5-8 meters) high and inhae about 500 galons (or 2000
liters) of new air; if necessary, one or two seconds auffice to let this mass of
air pass twice through the blowhole. Even as these animas sink into the
depths of the sea, so dso do they sink into their own bodies. This tendency
holds true especially for the baleen whales, including the blue whale; with a
length of about 100 feet (or 30 meters), it is the largest animal known to
man.

While the sperm whale prefers tropical waters, the baleen whales bring life to
the icy waters of the Arctic and Antarctic regions. There, strangely enough,
the sees are filled with a very rich fauna of microorganisms, particularly the
plankton that form the principal food of the baleen whales. The huge mouth
dfts myriads of these tiny crustaceans out of the upper layers of the water,
usng as a deve the baeen (fimbriated horny plates) that it has instead of
teeth; the excess water is pressed out of the mouth and a mass of smdl
crustaceans remains behind to be swallowed. As though in a sea meadow, the
baleen whales graze on this ‘flora’ of tiny organisms and build from it
gigantic bodies that carry their warmth-filled life unscathed into the icy cold
of the polar regions. The enormity of the whales metabolism can be com-
prehended from the milk production of the nursing whale cow: the blue
whale cdf daily adds about 220 pounds to its weight (Mohr).

The killer whale develops a strong rhythmic organization. Like a sword, its
4 foot (1.5 meter) long, vertical dorsal fin juts out of the water. Nothing is sife
from the killer whale: every fish, every water bird, and every sed that it can
lay hold df, it devours. Its mouth is studded with numerous cone-shaped teeth.
It is truly the most voracious predator on earth. Many books on whales

11. From the top down, a dolphin legping (1/25X), the voracious killer whde
X), the giant blue whde (1/200 X).
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mention the discovery of 13 intact porpoises and 14 seds in the omasum of a
25 foot (7.5 meter) long killer whale that had been killed, while a fifteenth
sead was still lodged in its throat. In another, 32 full-grown seals were found
(Slijper, 1962). In packs, they assail even the giant whales, tearing at their
enormous lips and tongues until they bleed to death. This whale can attain a
length of up to 30 feet (or 9 meters); it is found in all oceans. The fase killer
whale (up to 18 feet, or 5 meters, in length) is closdly related to it.

The dolphins and porpoises are the most sense-active representatives of the
whale group and therefore have a dark upper side and white underside.
Sperm whales and blue whales, on the other hand, are more or less uniformly
dark in color. In the white area that extends up along the sides of its body
and the white spot behind each eye, the killer whae shows an
interpenetration of dorsal and ventral coloring that is unique; by bringing the
two colors together in his fashion, the killer whale avoids either extreme in
coloration.

The following survey represents a first, as yet incomplete, threefold survey of
the whales:
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We have cited here only a few characteristic whale species. Even in these few,
the threefold processes are active in determining both shape and organization.
But which of these three processes provides the formative principle basic to
the entire group? Which organic sysem constitutes, by its dominance, the
characteristic quality of the whaes? Without doubt we are dealing here, to an
even greater extent than in the sedls, with the dominance of the metabolic
system. Enormous mases of fat envelop these animals, and processes that
build up the body outweigh those that deplete its strength.

The forepart of the head in particular is packed with great masses of fat and
oil. The life of the snses is greatly reduced: smdl and taste are amost
entirely lacking; the eyes are little developed. (The blue whale can no longer
e even its own flukes; the Ganges whale is completely blind.) Only the sense



of touch, and especidly that of hearing, are distinctly present, so that
whaling boats must creep up on their prey by rowing softly, with motors
turned off. Embryonic development leads to fully mobile newborn animals
that are, as it were, ‘complete’; the placentation is similar to that of horses
and pigs, the blood serum, to that of cameds and cattle. All thee
characteristics that emphasize the strong metabolisn of the whales have led
many systematists (see Slijper, 1936, and Thenius-Hofer, 1960) to asume a
close relationship between the whales and the ungulates.

At the same time, however, whales have many traits in common with the
carnivores. (The multichambered stomach, for instance, cannot be derived
from the stomach of the ruminants but only from that of the carnivores; the
tendinous plate of the diaphragm aso is smilar to that of the carnivores; and
the Atlantic right whae has a penis bone like that of many carnivores) In
the Tertiary strata some transitional forms between the whaes and the
prototypes of carnivores (Creodontia) have been found: the Archaeoceti.
Especially the Middle-Eocene Protocetus octavus of Egypt shows, in its
dentition, the distal position of its nose, the construction of its vertebrae, as
well as indications of a functional pelvis, obvious connections with modern
terrestrial carnivores. Thus Abel (1914), Sijper (1936), Starck (1955), and
Thenius (1969), for example, have advocated the theory of a relationship
between whales and carnivores. The biology of form adso lends support to
this theory. For the tendencies demonstrated by the otters and seds are even
more clearly shown by the whales, which may be seen as the members of the
middle group of mammals, the carnivores, whose metabolic capacity is most
strongly developed. Mink, otter, sed, and whale do not constitute a linear
seguence of related forms. But what the mink represents among the weesdls,
the otter among the martens, and the seds among the central carnivores, the
whales represent within the group of carnivores as a whole. Thus we have
broadened the usua concept of carnivores by adding the whales. As we have
seen, it is characteristic of animal groups dominated by the middle system
that their metabolically oriented representatives secondarily choose the water
as a habitat. Only by connecting the whaes with the carnivores can we fully
understand this characteristic trait®.

Carnivores
(in awider sensg) __
T T
Marten Family x Cats Whales
Dogs
Sedls
We have yet to mention the special characteristics of the whales dentition.
All whales grow a st of teeth, at least in the embryonic stage. In the large
whales, however, these develop only partly (in the sperm whale, in the lower
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jaw) or not at al (al baeen whaes are toothless). The smal whaes have
teeth in great number. In dolphins and porpoises the teeth have been
smplified to pointed cones. Incisors, canines and molars can no longer be
digtinguished from one another, and it is as yet unknown whether these are milk
or permanent teeth, snce no change of teeth has ever been observed in whales.
Mogt likely they are permanent teeth, since we have aready seen in the seds
the gradual disappearance of the milk teeth.

Along the German North Sea coast the whale mogt frequently found is the
porpoise (Plate 115). Six feet (or two meters) long at mog, it is the smalest
of the whales, a playful fellow that hunts only in the upper layers of the
water. Apparently we may aso condder it to be the whale that is most
receptive to the surrounding world. Its coloring, dark on the upper sde and
light on the lower, supports this idea, as do its teeth: this animal has about
100 teeth, which, unlike those of al other toothed whales, are not pointed,
but flattened like spatulas (Plate 116/117). While all the teeth of dolphins
and killer whales resemble canines, the porpoise has an entire set of 'incisors,’
though the teeth st farthest back and hidden in the gum have crowns that
are somewhat broadened. These spatula-like teeth are, for the most part,
probably not homologous with rea incisors, but their shape is similar and
corresponds with the sense-active character of this smalest of the whales.

It is dso worthwhile to consider the peculiarities of the whale's teeth in
general. Kipp (1952) has already delineated in Goethean terms the connection
between the teeth and the limbs, in caling attention to the fact that the
stunted growth of the whale's teeth corresponds to that of the limbs. The
whale's main organ of propulsion is the posterior vertebral column, the tail,
which has a its end finlike, bondess projections (the flukes), carried in a
horizontal position (the tail fins of all fish are vertical). The fingers of the
forelimbs have fusad to form paddles, and the posterior limbs appear only in
the embryo when it is about 2 centimeters long. By the time the body has
reached a length of about 3 centimeters, the leg rudiments have already
atrophied. In newborn whales, tiny vestiges of the pelvis, femur and tibia are
found, without any connection with the spina column and hidden deep
within the root of the tail. This atrophy of the limbs corresponds to the lack
of teeth in the baleen whales.

The relationship described by Kipp has even greater implications. For the
sedl's curious tendency to increase its number of teeth has progressed even
further in the smal whaes. Instead of a few many-faceted teeth, they have
many, each with only one cusp. A dolphin may have as many as 67 teeth in
each ramus of both the upper and lower jaws, or a total of about 270 teeth.
This increase appears again in another form in the forelimbs, where in an
entirely unique development, each of the fingers, having fused, nevertheless

12. Foream skdeton of the pilot whale: @ upper am, b) radius, ¢) ulna and the
5 fingers, with 4, 14, 11, 3, and 1 finger bones (after Hower/\Weber).



grows more than the usua three finger bones. As many as fourteen such bones
may be contained in a single whale finger. This is especidly true of the
toothed whales, but not a al of the baeen whales, whose teeth have
completely degenerated. These elongated whale fingers have been explained
from the standpoint of expediency, as an adaptation for the paddling
function of the anterior limbs. Yet it is difficult to understand why nature in
this case alone should deviate from an otherwise strictly observed pattern,
according to which mogt fingers have three bones. A similar lengthening of
the surface of the forelimbs is accomplished in the eared sedls by the addition
of bondess cartilage to the fingers a a point beyond the roots of the nails
(Plate 113). In the same way, the whal€'s dorsal fin, and indeed even its fluke,
the principal organ of locomotion in swimming, lack bones. So lengthening
the jaws by increasing the number of teeth and lengthening the foredimbs by
increasing the number of bones are correlated—a concrete example of the close
connection between the jaws and limbs'".

In concluding this chapter on carnivores, let us turn once again to a
terrestrial gpecies, the bears. We have chosen to deal with them only at this
point because their peculiarities must be considered carefully and accurately
in light of the threefold concept. (See Plate 119))

Bears are the largest land carnivores aive today. The brown bear still lives
wild in the southern Alps (Krott, Lechner), the Pyrenees, the Bakans, and in
Scandinavia (Pedersen), and is dso found in Asia and North America; in
Kamchatka and on the Kodiak Islands it reaches an enormous size. This
anima can subsist on a completely vegetarian diet. Fruits and roots, grass and
herbs, berries and honey are its favorite foods. It preys upon animals only
when non-animal food is scarce, as for example in spring at the time of the
sdmon migration. It is a carnivore with a particularly well-developed
metabolism and its basc characteristics have been strongly influenced by the
digestive system.

Contrary to our expectations, however, bears, with the single exception of the
polar bears, do not choose the water as a habitat. We bdieve that this
surprising choice of habitat is connected with the fact that the bears are
related less to the cats, dogs, or even seds, than to the marten family!
This remarkable connection becomes obvious when we examine the specid
characteristics of the bears, and it sheds light upon many riddles posed
by their biology. Based on the following evidence they appear to be clos,
yet metabolically oriented, relatives of the marten family. Like the mar-
tens, they have relatively unspecialized limbs that cause the large bears, in
particular, to appear clumsy. Anterior and posterior limbs are short, hands
and feet are also rather primitive. So the bear, like many small carnivores,

13. Sketch of the forefin of an eered sed (A) and awhde (B). A) sows 2 of a tota
of 3 finger bones as wdl &s the nail and the dongated fin tissue, while B) shows
6 of atotd of 7 finger bones (after LeboucyWeber).




66 (U75 X),

below,

runs on the flat soles of its feet. Like those of the martens, the bone sutures of
its cranium are fused. In particular, however, it is the bear's conditions of
propagation that can be explained only by a close relationship with the small
carnivores. (The following remarks are based on statements made by Starck,
1956 a; Mohr, 1958; and Slijper, 1960.)

Bears bring into the world rat-sized, almost completely naked young
weighing little more than a thousandth part of the mother. For such large
mammals, this is most unusua. How do these young compare with those of
other carnivores? Newborn seds and whales have amost finished their
development and live, from the first day of their lives, like complete, smal
replicas of the adults. At birth they have aready opened their eyes, are
covered with fur (with the exception of the whales, which remain hairless
throughout life), are able to regulate their own body hesat, are already quite
capable of coordinated movement, and have amost completed the
convolutions of the brain. All these developments are still lacking in the
young of weasds and martens when they enter the world. Immature, indeed
in an embryonic state, hairless and still completely dependent, they lie in the
nest for severad weeks, until at last they reach a degree of maturity
comparable to that of newborn seals. The balanced, central carnivores, such as
cats, dogs, and their closest relatives, are born in a median stage of maturity.
At firgt, their eyes are shut, athough their fur has already grown; mobility
and the regulation of warmth mature after a short time.

Small, newborn bears, however, are definitely of the unfinished, embryonic
type. The cerebrum is as yet unconvoluted, their eyes open only after thirty
days, and only after eight weeks do they appear to be able to hear; for a long
time their ability to maintain bodily warmth remains dependent on the
mother. All this is even more astonishing when we consider that the brown
bears give birth to these helpless cubs during the coldest time of year, in the
middle of winter, when food is scarce. Without leaving the winter den, the
mother warms the young for months in the fur of her belly and suckles them
until they grow large, without taking food hersdf. The embryonic period is
thus continued outside the body of the mother, until the young reach the
degree of maturity appropriate to such large mammals. Only in the spring,
when the young animals come forth into the sunlight, having become
physically sdf-aufficient at last, does the actual 'birth," take place.

The inadequacy of trying to explain the bear's biology of propagation as
an expedient adaptation is shown dramatically by the polar bears. Mating
takes place towards the end of the polar night, a the end of March or
beginning of April. The development of the embryo, however, is arrested at
an early stage until the end of October. This 'pre-gestation period' is aso
known to occur in many members of the marten family (such as the common

14. Above, the gendt, an African civet that hes soread through Soan into France
the qootted hyena, native only to Africa (/125 X).
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weasdl, ermine, beech marten, pine marten, otter, and badger). Among these
small carnivores the short gestation period which follows mating in the fdl is
thus arranged so that the young are born only in the warmth of spring; yet
the opposite is true of the bears. Just a the onset of winter embryonic
development resumes; in the midst of the most extreme cold, in January, deep
within the snow caves over which arctic sorms are raging, the tiny, naked,
warmth-requiring young enter the world, amost as embryos. Here, causa
and teleological explanations break down. But the essential character of the
bears is expressed al the more clearly in the very circumstances of their birth;
these clearly indicate a close relationship between the bears and the smal
carnivores of the marten family. Yet, that they are born enclosed within dens
a midwinter aso expresses the complete independence of their strongly
metabolic nature. In gpace as in time, these large carnivores withdraw from a
surrounding world and time of year that are better suited to sense-active
Species, surviving purely on the strength of their metabolism.

The entire nature of the bear is based on the fact that it is, in a sense, a small
carnivore that has grown large. The bear is like a giant baby, large-headed
and relatively short-legged, which never achieves the specialization of the
cats, dogs, seds, or whales. In its basic characteristics it most nearly resembles
the badger, the metabolically oriented counterpart of the weasd. It is true
that the large bears are for the most part uniform in color; but when young,
the brown bear has around its neck a broad, light ring that cals to mind the
bright patterns of the badger (Plate 119).

Between the martens and the bears there is outside Europe an intermediate
family of carnivores, the raccoons (Procyonidae). The North American rac-
coon belongs to this group, as does the Chinese panda. Together, these three
species form that group of carnivores whose organization is primarily directed
towards the surrounding world.

In the following chart al groups of carnivores and whales are brought
together, and thus a preliminary attempt to clarify their threefold
relationship is made. In the interest of completeness, the civets and hyenas,
related to one another through the aardwolf (Plate 120), have aso been
included. The placement of the dogs will be mentioned again the ninth
chapter. The numbers indicate the existing species.

Carnivores and Whales
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V The Rodents

When | consider the rodents, . . . | realize that they are inwardly deter-
mined generically, and held within strict bounds, outwardly, however, they
have undergone limitless transformations and have been altered in the most
diverse ways. . . .

[We observe] in the rodents the acute but limited ability to grasp objects,
the hasty appeasement of hunger, followed by repeated gnawing of objects.
This continuous, almost convulsively passionate, unintentionally destructive
gnawing, however, directly serves the goal of building and furnishing shelters
and burrows, thus proving once again that in organic life even the useless,
indeed, even the injurious, are within the necessary circle of existence and
work within the whole as an essential and living means of binding together its
disparate individual parts.

In general, the rodents have a well-proportioned basic design; the extent to
which they vary from it is not too great; yet the entire organization is open
to impressions of all kinds and is predisposed to a versatility that leads in all
directions. . . .

The organ of grasping, the two incisors in the upper and lower jaws, has
already claimed our attention: these teeth are adept at nibbling anything and
everything; . . . this gnawing should be regarded as a kind of snuffling
pre-tasting that has, in addition to the appeasement of hunger, many other
purposes. It promotes a superfluous intake of food for the purpose of
materially filling the stomach and might also be regarded as continuous
excercise, a restless urge to be occupied that may ultimately lead to destructive
fighting.

In these words of Goethe (1824), much of the rodent's nature is revealed to
us a once. For just as the nerve-sense processes work within the individual
organism to debilitate it biologically, so too do these nervous mammals work
destructively in the world that surrounds them. A cow, it is true, pulls up
grass for her nourishment, but what fertility is returned to the soil in her
dung! The hasty digestive processes of the mice, however, so greedily consume
nourishing substances while they are still in the digestive tract that only
desiccated, mineralized residue remains. At the same time, Goethe emphasizes
that even the most destructive activities of the rodents have meaning within
the totality of nature's workings.

If we study comparatively the physical attributes of these animals, we se
that in amost al cases they are remarkably small. The trunk and limbs in
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particular have extraordinarily basic, unspecidized forms. The hands and feet
have five fingers and toes, the claws remain small, and the skeletal structure
of arms and legs is virtually unmodified. These small animals are ill genuine
plantigrades, since their heds touch the ground. The stomach and intestine of
typical species are smple, that is, formed without additional chambers. The
two uterine tubes have not fusad with one another; the mammary glands are
ill divided into two rows aong the embryonic mammary ridge and extend
over the entire length of the body's ventra side. In marked contrast,
however, the head is highly specidized. All canines are missing, and in many
gpecies the molars have become strange, rootless prisms, reduced in number.
The incisors are so well developed that they dominate both upper and lower
jaws, and their roots extend far back within the bone structure of the mouth.
One studying only the bodily skeleton of a rodent would scarcely believe that
he had before him a highly developed animal. "The rodent's head is quite
highly speciadized, but its body generdly is not" (Landry). In this animal it is
the nerve-sense pole whose development takes precedence over that of the rest
of the body; in both dze and formation, the latter remains amost
embryonically primitive.

What cannot be developed physically by such an unfinished organization is
often supplied by outer activity and craftsmanship. Thus the rodents
supplement their minimal bodily covering by eagerly and painstakingly
constructing their nests, adding from without what their limited physical
development no longer supplies. The nests of mice, squirrels, dormice,
marmots, beavers, and other rodents may therefore be considered bodily
sheaths, which are formed not through the unconscious growth processes of
embryonic development, but through the aid of the waking nerve-sense
system, which instinctively gathers these protective coverings and adds them
from without to the fully grown body. Thus, through conscious activity in
the outer world the rodents compensate for a physica development that has
been cut short by the early beginning of the nerve-sense processes. And it is
these supplementary bodily coverings that enable the rodents to exist and to
withstand the ondaught of sense impressons that would otherwise overwhelm
them.

This external compensation for undeveloped physical capacities is carried
dso into the rodent's method of obtaining food. The ungulate, when it
ruminates, first alows its food to dide down into the omasum, regurgitating
it once again for thorough chewing. Similarly, the hamsters and squirrels first
duff food into their cheek pouches and then gather it into the 'extra-bodily'
chambers of their underground storage places before taking it into their
mouths a second time. The food supply that the bears, whales, wild boars,
and cattle are able to store internally as fat deposits is accumulated by many

15. Common dormouse on its carefully woven nest (naturd Sze).
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rodents, espedidly those that hibernate, in the form of kernels, nuts and roots
that they pile up next to them in their burrows (Plate 121). It is true, of
course, that some rodent species do become obese, especidly a the beginning
of hibernation; yet even these, as we shdl discover, are able to do so only to
the extent that the metabolic system secondarily predominates in them. In
most rodents, instinctive behavior in the outside world must replace what can
no longer be accomplished by the creative life processes of bodily growth™,

Among European mammals the long-tailed mice (Muridae) are undoubtedly
the typical rodents. One of Europe's smallest mice, the harvest mouse, is a
charming, incredibly skillful little animal. Of al the mice, it builds the most
elegant and artistic nests, which hang suspended in the underbrush and, like
those of birds, are painstakingly woven from blades of grass. This animal is a
light orange-brown on top and a sharply contrasting white beneath. Its close
relatives, only dightly larger, have basicaly the same coloration, athough in
most cases the dorsal sides are darker and tend toward the brown and
grey-brown tones. This is the cae in the wood mouse (Plate 121), the
yellow-necked field mouse (Plate 166), and the house mouse (Plate 122). In
these animals large, protruding eyes, long, dmost hairless ears, a dender,
long-whiskered snout, and a conspicuoudy long, sparsely covered tail are
dgnatures of an overly senditive nature. The dtriped fidld mouse, les
abundant than these other gpecies, is closdy related to them; it dightly
de-emphasizes in its own organization their extreme accentuation of the
nerve-sense processes. Less frisky and nimble than the wood mouse, quieter in
its behavior, it digs hiding places in the earth, where it lays up small stores of
provisions. It has smaler eyes and ears, a somewhat shorter tail, and a
sgnificantly altered coloration: its ventral dde is whitish-grey, and on its
reddish-brown dorsal sde, along the center of its back, runs a dark stripe that
is particularly well defined in young animals—a first suggestion of contrast-
ing patterns on the dorsal side!

The black and brown rats aso belong to the group of long-tailed rodents.
Which of the three organic sysems do they represent within this group? In
comparing the two rats with one another, we find that the black rat, with its
longer tail, larger ears, and somewhat smaller size, represents the more sense
oriented species, while the heavier brown rat, with its blunt snout, is the more
metabolically oriented of the two. The preferred habitats of these animals
dso differ. Both species follow human civilization. (The brown rat, following
the shipping traffic of the seventeenth and eighteenth centuries, spread from
Ada to al continents of the world.) The black rat (or 'roof rat) lives
primarily in haylofts and attics, preferring, in most cases, the upper stories.
The brown rat, on the other hand, prefers cellars, sawers and stables,
particularly pig pens, and aways sdects damp, dank surroundings. These

16. From the top down, harvest mouse on its nest, wood mouse, and the rare striped
fidd mouse (natura Sze).
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tendencies are reminiscent of the ‘pine marten motif and the 'otter motif,
which we have discovered in our study of the marten family. Both rats thus
demongtrate that they belong to a middle, or rhythmically oriented, group.
Much that is directly observable—for example, the fact that they are
carnivorous to the point of cannibaism when they encounter rats from
different nesting communities—confirms this classfication. The frantic,
compulsive restlessness they experience as members of the most sense oriented
of the rodent groups is combined in them with a predatory ferocity; it is
precisely this combination that makes them rats™®.

What then must be the external appearance of the metabolically oriented
members of this group of long-tailed rodents? As members of an extremely
sense oriented group, they might be expected to show an exaggerated 'badger
motif: large size, color inverson and contrasting patterns, the inclination to
dig burrows, and perhaps a shortened tail, or a reduction in the number of
Species.

The anima that fits this description is the common hamster. Its color
inversion is classic, and contrasting spots extend down along the ddes of its
chest. Whatever it cannot manage to accumulate as fat deposits within its
body it gtores in the larder of its burrow. (Thirty-five pounds of potatoes
were once discovered in a single hamster burrow [Ognew].) In Europe the
common hamster is the sole representative of its genus. Its closest relatives are
the Near Eastern golden and grey hamsters, which range as far into Europe
as the southern Ukraine and eastern Greece. In sze, coloring and behavior,
these two animas show a progressive loss of the metabolic capacities
demonstrated by their larger cousin. And even this animal, despite its
relatively well-developed metabolic capacity, shows strong evidence of a dose
connection with the nervous murids. An ill-tempered loner, the common
hamster is active by day and loves the sunlight, despite the fact that it digs
burrows. At the dightest disturbance it flies into a boundless rage, defending
itself vehemently. This animal's strengthened metabolism scarcely conceds a
life as frantic, as exaggerated and rash in its reactions, as that of any murid.
The hamster's intimate connection with the murids is demonstrated not only
in such aggressvely nervous behavior, but even in the structure of its molars,
which is basically quite Similar to theis (se page 82-84).

In North and South America the hamster family has split into numerous
small species, which ssem to replace in the faunal balance the Old World
long-tailed mice that are not indigenous to these continents. Even the New
World harvest mice, so similar in form to the Old World murids, are actualy
members of the hamster group (Cricetidae).

17. Black rat, above, and brown rat (each 1/2.5 X).
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18. From the top down, grey hamster, golden hamster, and common hamster,
showing increasing degrees of color inversion (1/3 X, /2.5 X, 1/3 X).



19. Enraged common hamster (1/2 X). 77
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Fewer in species and even larger and more metabolically oriented than the
hamsters are the mole rats. In the steppes of the Balkans and of Eastern
Europe live two of the eight genera that make up this family. They live
primarily underground, where they construct complicated sysems of burrows
ten to twelve feat in length and depth (Ognew); there, they feed on roots,
which they consume in great quantity. Unlike the moles these animals dig less
with their limbs, which are quite weakly developed, than with their large,
protruding incisors. In these animas the head has become a rea tool for
digging and to some extent has even given up its sensory functions. Thus the
eyes have shrunk to tiny vestiges the size of poppy seeds and are scarcely
visible beneath the animal's fur. Both European mole rat species have a deep
black coloring on the ventral side, while the dorsal side of the lesser mole rat
is light brown, and that of the greater mole rat is quite dark, so that its
coloration is virtually uniform. The heads of both animas, however, are
masked with bright white areas and stripes. Relatively large animals, divided
into few species, the mole rats are adso members of the mouse group
(Myomorpha); yet to an even grester extent than the hamsters, they are
opposite the sense-active mice.

o
i

Mouse Group
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A i,
Long-tailed Mice Mole Rats
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20. From the top down, wood mouse, common vole (both natural size) and lesser
mole rat (1/3X).
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There is also in Europe a central family of mouse-like rodents. These
animals choose a habitat that lies between those of the murids and the mole
rats: while the long-tailed harvest, field, and wood mice live either on the
surface of the ground or just above it, and the mole rats live deep
underground, these central animals burrow just below the surface. These
animals are the voles. In most cases their dorsal sides are of a greyish-brown
color that merges gradually with the greyish-white, dull coloring of the
underside.

While the hamster has a relatively short tail and the mole rat has none at
al, the vole's tail is of medium length and somewhat more heavily covered
with hair than those of the long-tailed mice. The ears, barely visible above
the fur, the blunt snout with its very short whiskers, and the scarcely
protruding, tiny eyes are all indications of a nature that is not very open to
the outside world.

o~ . : *-u\_““‘-
Long-tailed Mice Vdes Mdle Rats
and related goecies

The centrality of the voles becomes even more obvious when we examine
closdy the range of species that make up this group. Typical are the voles
that live in open fields, avoiding forests as well as houses and barns.
Nevertheless, there is one member of this group that prefers woodlands and
parks: the bank vole, a rather slender animal with a warm red coloring and
the largest ears of any member of the vole group (Plate 123). It scarcely
burrows at all, but for the most part lives above ground, even climbing into
trees and bushes in order to eat tender young bark (Wrangel). It sometimes
eats even insects and young birds (Weber). Thus in diet, as well as habitat,
this animal shows tendencies typical of members of central groups.

In direct contrast to this sense oriented member of a central group is the
largest of the European voles, the water vole. A burrowing animal, the water
vole also indicates in its coloration the relative strength of its metabolism;
this animal is dark brown on its upper side and grey underneath. Its choice of
habitat is aso striking: it likes the water and often lives near it, without
being firmly bound to it. Thus, in these two animals, the metabolically
oriented water vole and the sense-active bank vole, we find once again the
‘otter motif' and 'pine marten motif' discovered in our study of the martens.
These motifs, as we recall, indicate that these animals belong to a group that
is strongly influenced by central, rhythmic processes. The feral muskrat

21. Bank vole, common vole, and water vole (eech /1.5 X).
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(introduced into Europe from America) is also a member of this central group
and is quite well adapted to water. This large rodent has even developed
webs between its toes and has a laterally compressed, paddle-like tail.

To a lessr degree the smaller field voles demonstrate similar tendencies:
the pine vole shows a dlight inclination towards life in the forest, while the
root vole shows a preference for very wet, marshy areas. Indeed, the most
numerous and characteristic European members of this family, the
wide-spread common and short-tailed voles, are so similar that they can
scarcely be distinguished from one another. Still, the common vole is a little
smaller than the short-tailed vole, and its coloring is somewhat paler. The
former prefers dry fields and meadows, the latter, a damp environment with
denser vegetation, such as may be found in fallow ground, pastures, and
forest clearings. In these animals polaric tendencies have reached the greatest
possible degree of closeness. Even so, to careful observation they too reveal
characteristics that give a true picture of the objective processes of life itself.
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With the help of the owls, we can easily study the dentition of these small
rodents. We need only search in some ancient church spire or hay loft for owl
pellets, the undigested remnants (the hair and bones) of their prey, which the
owls regurgitate as little balls that pile up beneath their roosting places. When
we carefully dissect these pellets, we often find fully preserved rodent skulls,
cleaned of all flesh by the strongly acidic digestive juices of these nocturnal
birds. Primarily, these are vole skulls, which can be recognized by their
prism-shaped, rootless molars. Mouse skulls, too, are frequently found, with
rooted molars. These are the skulls of the long-tailed mice, particularly the
wood mice. The entire group of long-tailed mice, rats, and hamsters has such
many faceted, short-crowned, rooted molars. The field voles, on the other
hand, as well as water voles, muskrats, and mole rats, have rootless,
prism-shaped molars. In these animals the root canal never closes to form a
root, but remains open so that the tooth continues to grow throughout the
animal's life. What is worn off at the top of the tooth through chewing is
replaced from below.



The rooted molars of the long-tailed mice, rats, and hamsters aso wear
quite well. Their durability, however, is not the result of uninterrupted
growth processes but comes about because the porcelain-like enamd (formed
from the embryonic ectoderm) that covers the surface of the teeth is so hard
that the teeth suffer little wear. Thus, as we might expect, the sense oriented
pecies achieve through a hardening of the ename that covers the teeth the
durability that metabolically oriented <species accomplish through the
continuous nourishment and growth of the teeth themsaves. An exceptional
cae supports this rule, for the bank vole first develops molars of the rootless
variety typical of al voles; yet, as the most sense oriented member of this
group, it closes off the roots of its molars a the end of six months! In this
sene oriented vole the processes of growth thus gradually come to an end in
the head. All this information (as well as similar data to be found in the skulls
of shrews, and occasionadly of moles and smal weasds) can easly be
obtained from the pellets of owls.

How different from these senditive rodents is the squirrel! If, indeed, many
people regard mice and rats with a certain reserve, the squirrel, with its
refreshing appearance, is pleasing to everyone. (Almost al picture books for
children contain at least one picture of a squirrel.) In its own way this animal
manages to overcome the dark, fearful character of the mice and rats. It is
true, of course, that the squirre is aso a nervous rodent: it twitches
constantly and its movements are jerky and abrupt; its coloration, too, is
typicaly sense oriented, with reddish dorsa and white ventral sides. But its
entire form is harmonioudly organized. Its long-haired, bushy tail, unlike the
naked tails of mice and rats, in no way stands out from the basic shape of the
rest of its body. And how strong and agile this animal isl Active from early
morning, full of daring and joyous playfulness, it scampers boldly through
the branches of trees. Conifer seeds, nuts, and fruits are its favorite foods; yet
in summer it aso eats caterpillars and even snatches eggs and young birds
from their nests. There is a smal carnivore hidden within every squirrel!
When we watch a squirrd in life and understand the significance of these
characteristics, it becomes clear to us that the life pattern of the squirrel must
rest upon strong rhythmic processes, which have completely permested its
basc rodent form. The squirrels, together with other rodents closdly related
to them, such as the dormice, sudiks, marmots, and beavers, thus form a
second large group next to the group of mice (myomorphs): the squirrel-like
rodents. These are the genuine central rodents.

Next two pages:

22. From the top down, two flying squirrels at play, European red squirrel (each
1/3.5 X), and Asian chipmunk (1/2 X).

23. From the top down, Alpine marmot (1/7 X), spotted sudik of the Ukraine, and
European sudik (both 1/3 X).
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24. Rying squirrd landing (after Bourliere).

In the northern regions of Eastern Europe, Asia, and North America, lives
a small, sense oriented member of this central group, the flying squirrel. This
animal surpasses even the squirrel in its ability to climb and jump; it can sal
through the air or even actively flutter (Lorenz, 1963) with the aid of a
mamtyae that can be spread out between its anterior and posterior limbs.
This animal is especialy well equipped for a life high in the branches of trees.

At the other extreme, the sudiks and marmots, as the metabolically oriented
members of this central group, have become ground-dwellers. In their
coloration the white of the ventral side has disappeared and been supplanted
by the brownish-yellow shade of the dorsa side. For the mogt part they eat
foods composed chiefly of cellulose, although the sudik still esats seeds, as well
as the flesh of animals (insects, young mice, and the young of birds that nest
on the ground).

In the Alpine marmot the metabolically oriented members of the centra
squirrel group have completed their transition to vegetable food. Relatively
sedate in comparison with the sguirrel, even this large rodent remains
dexterous and playful. In stony rubble it scrapes out deep burrows, filling
them with the life of its large colonies. Outside in the sun, whether the
marmots are feeding or at play, one member of the colony must always stand
guard for al the rest. On hikes through the mountains we are often aware of
the presence of these animals only because we hear in the distance a sharp
warning whistle. Only by patiently and quietly waiting can we ever hope to
see them™.

The largest of the European rodents is the beaver. It is the only species in
its family and can attain a weight of 75 pounds (35 kilograms) and a length
of 4 1/2 feet (1.3 meters). It is not, however, a burrowing animal and displays
neither color inversion nor head patterns. Its fur is a completely uniform
dark brown; its body, despite its large Sze, seams less fat or ungainly than
compact and muscular. Its tail has become a broad, horny plate, covered with
scdes. Twigs and bark serve as its principa food. Furthermore, this

25. The beaver, second largest living rodent, requires a fresh water habitat (1/5 X).
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metabolically oriented representative of the central rodent family is also this
group's most thoroughly adapted aguatic animal.

It is amazing what an orderly synopsis is made possible when we survey
these basic correlative relationships. For a wealth of phenomena is revealed
through the direct, careful observation of nature, and the order underlying
these phenomena becomes clear when we study them according to the
threefold principle. The beaver, for example, is a living manifestation of the
motif demonstrated by the otters, seals, and whales. And it is hardly
surprising that the same motif should recur, for when we describe in the form
of ideas relations that actually exist in nature, we take an active part in
processes at work in the world of living beings that surrounds us. What light
is shed upon the beaver when we regard it as the most metabolically oriented
rodent of the middle, or rhythmic, group! As a rodent, it is still subject to the
influences of the surrounding world, yet a the same time its metabolic
strength enables it to exert a regulatory influence upon its own aquatic
environment. For the building of dams when water reserves are low and the
digging of canals in swampy areas, as well as the constant regulation and
control of these structures, are not only advantageous to the beaver, but are
aso necessary to the health of the ecosysem as a whole, as has been
rediscovered in recent studies of the Canadian beavers (Pilleri, 1962)%.

Within this central rodent group the animas polarically opposite the
beavers are the dormice. These animals are nocturnal, and, with the aid of
their long whiskers, large protruding eyes, hairless ears, and sensitive hands
and feet, they keenly take in al their sense impressions. They are not at all
rare in Europe, yet since they flit through the trees only at night, their
presence is usually not even suspected. The largest of the dormice, the fat, or
edible, dormouse, is smaller than the squirrel, though its body is similar in
shape, and it has a long, bushy tail. Yet its upper side is a light bluish-grey,
while the ventral sde is, predictably, white. The edible dormouse is an
unapproachable loner, snappish and quarrelsome, and never becomes quite
tame when caged. In addition to eating fruits and nuts, it plunders birds'
nests, consumes insect larvae and young mice, and even devours its own kind
when the first members of a deeping colony wake from hibernation. It
prefers animal food to any other. This anima combines a nervous sensitivity
with the 'carnivorous element' basic to the squirrel group, and the result is a
rat-like, aggressive constitution. To understand that this is true one need only
hear the unpleasant staccato snarl this animal emits when disturbed in its
burrow. In Germany it is called the Sebenschléfer (‘seven months deeper’)
because its underground winter deep lasts for seven months. At al other
times it is definitely arboreal and often usurps the houses intended for birds.

26. The mde beaver's tail (below) is shorter than the femaeés (above) (1/6 X, Gaffrey).

27. European dormice. From the top down, common dormouse, garden dormouse,
and fa (or edible) dormouse (1/2 X, 1/2.5 X, 1/2 X).






In regions where fruit is abundant the smaller garden dormouse is found.
This animal is more delicate in build than the edible dormouse: its nose is
more pointed, its tail is brushlike rather than bushy, the white of its underside
extends higher. Seen together with the black stripe above its eyes, however,
its face shows a least a partial mask-like design, so that we may expect to
find an even more sene oriented, smaller species. This anima is the common
dormouse. As the smallest, most sense oriented of the dormice, it takes on
many mouse-like characteristics. In doubtful cases, however, it can aways be
identified as a dormouse because of its tail, which is thickly covered with
short hairs. Also, unlike the true mice, it has a genuine period of winter
hibernation. There is nothing violent or irritable about this animal. In hazel
and blackberry bushes the common dormouse, like the harvest mouse, builds
an ingeniousy woven ball-shaped summer nest with sde entrances (Plate 15).
Playful and easly tamed, it lives in harmony with the life of its
surroundings. The yellowish-red of its dorsal sde is the color of an animal
open to the world. Thus the common dormouse and the beaver define the
outer limits of this central, squirrel-like group of rodents.

i
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The threefold concept dso sheds light on the formation of the central
rodents' teeth. While the dormice and squirrels have rooted molars, the
molars of the beavers remain rootless, and grow throughout the animal's life,
in the prismatic form typical of all metabolically active rodents. The centra
character of the squirrels is revedled in the fact that they are the only rodents
to have canines, even in these central animals, however, the canines appear
only before birth, in the s&t of milk teeth (Freund). Despite such striking
correlations, it remains unclear why animas as smdl as the moles have
developed prism-shaped molars, while the large marmots still have rooted
ones. Obviously, there is ill much to be learned about these complex

90 relationships.



As our understanding of the unique and contrasting characteristics of the
mice and squirrels deepens, we must ask whether there is a third large group
of rodents, in which the rodent organization is thoroughly transformed by the
metabolism. Between this group and the mice the centrality of the squirrels
would become even more evident, for it would be possible for us to se the
two groups between which these animals mediate. Rodents so strongly
dominated by the metabolism would necessarily be large and would divide
into comparatively few species. Could these animas possibly be the hares and
rabbits, which have not yet been mentioned?

If we study the hares and rabbits according to our threefold method, we
shdl find that there is much evidence against such an assumption. If they
were in fact rodents influenced by the metabolism, the rabbits would show a
color inversion till greater than that of the hamsters and mole rats. Yet, their
underside is white! Further evidence of their sense-active nature is found in
their large eyes, long ears and whiskers, as well as their ability to evade
pursuers. Their elongated posterior limbs, too (as we shal discover by
comparing their form with that of the cattle discussed in the next chapter),
are indications of a sense oriented constitution.

Yet the hares are much too large to be grouped with the sense oriented
mice and rats. Instead, they form a remarkable, separate group of mammals,
closdly related to the rodents. This close relationship is apparent in the
structure of their teeth: incisors predominate, canines are absent, and molars
remain rootless. Yet behind each of the two upper gnawing teeth there is a
smadll, pointed, additional incisor that no genuine rodent has! (For a more
complete explanation of this phenomenon, sse Chapter XIII.) In addition
these animals appear to be more reserved, more sdf-sufficient, and stronger
than the genuine rodents are. The many characteristics found in the hares but
not in the genuine rodents have led taxonomists since Gidley (1912) to
separate the hares and their closest relatives (the pikas and the rabbits) from
the true rodents and to place them in a separate group; for despite their many
similarities with these animals, the hares are really quite distinct from the true
rodents.

The one genuine rodent completely ruled by the metabolism is the
porcupine. What a remarkable animal! Large, cdlumsy, and so ponderous that
it aimost has the bearing of a pig, it is a solitary, cantankerous, and on the
whole rather unpleasant animal that digs deep burrows and hides in the earth.
It dramatically contrasts the dark coloring of its ventral sde with its
light-colored head and back. Extending over forehead, neck and back is a
crest of long, white hairs that have hardened to form tough bristles that can
be raised. At the posterior end of the back, these hair-like structures have
undergone further hardening to form still thicker and longer quills, each one
banded with brilliantly contrasting black and white stripes. The underside
and tail have somewhat shorter quills. All that we have learned to recognize
as characteristic of color inverson here undergoes its greatest exaggeration.

91



92

28. Crested porcupine of Africa and the southern regions of Europe and Asa
(18 X).

This coloration is not only conspicuous, it is defensive. In direct contrast to
the cryptically colored, highly sense oriented animals, which sk to hide in
an environment that threatens to overwhelm them, the porcupine shows in its
coloration absolutely no desire to blend in with its surroundings. Instead, in
the formation of quills, it gives bodily expresson to an utter rejection of the
surrounding world. With the porcupine as an obstinately self-determined
form, our picture of the rodents is complete.

The metabolic character of these animals is aso revealed in the fact that
only three different species are found in al Europe, Asia, and Africa. The
North African porcupine has aso spread to southern Europe (centra Italy,
Albania, and northern Greece), to the idand of Elba, and to the Roman
Campagna, where it leads a completely nocturnal life.



29. The mara, of the Argentine pampas, is dightly larger than a hare (1/5 X).

The porcupines more distant relatives, such as the American tree
porcupines, as well as carpinchos (‘water hogs), maras and agoutis, pacas and
pacaranas, live primarily in South America, although some of these have
moved up into North America (Thenius, 1972). Better known in Europe are
the guinea pig and the chinchilla. The former is a peaceful little animal that
acquired its dappled coloration when it was domesticated in ancient times by
the Incas. Snuffling quietly, it reconciles without difficulty the basic rodent
nature and a strong metabolism. As vauable fur bearing animas the
chinchillas are raised in captivity. With their slver-grey backs, white
undersides, and large, funnel-shaped ears, they are the sense oriented
representatives of the porcupine group. They look like overgrown mice and
thus have acquired the German name Hasenmaus (‘hare mouse). They are
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strangely quiet little animals, yet their breathing and movements are quite
jerky; they appear to be animas in which sense processes and metabolic
strength exist sde by sde without any central organization to mediate
between them. They seem torn between the two extremes. Active only at
night, and lying semi-conscious in their burrows by day, they are pulled
between the two extremes whether caged or in their natural environment, the
heights of the Bolivian Andes.

In reviewing this chapter we find that many of the characteritics of form
already discovered in the carnivores are dso encountered among the rodents;
in this group, however, those characteristics that are primarily associated with
the sense organization are revealed with even greater clarity and distinctness.
But the rodents are adso a true reflection of the whole, since they, too, have
divided into three different groups of related animals, each of which brings to
expression one of the three main organic systems™.

.-'f-
_ Rodents _
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Myomor pba Sciuromorpha Hystricomorpha
(Mice, etc.) (Squirrels etc.) (Porcupines,

Guinea pigs, €c.)

If the rodents are the nerve-sense oriented mammals, we may ask which of
them are the more 'sense oriented' and which are the more 'nerve oriented.' If
we recal the difference between the snse organs, so open to the outside
world, and the brain, strictly closed off from its surroundings, we might
expect to find the more snse oriented forms among the mice and the higher
development of the brain among the porcupines.

Pilleri (1959, 1960) discovered that the brains of the mouse group are, in
fact, little developed, that is, unconvoluted; both cerebellum and cortex
show this limited degree of development. Many members of the squirrel
group, too, have unconvoluted brains; yet, significantly, those of the marmots
and beavers are convoluted. Most of the porcupine group have convoluted
brains; only a few, such as the North American porcupine, have brains
without convolutions. Particularly well-developed and numerous convolutions
are found in the brains of the Old World porcupine and the carpincho,
viscacha, and mara—that is, in the largest of the rodents. Pilleri dso
compared the different parts of the brain in these groups and found, as did
Portmann (1962) and Wirz (1950), that the squirrel group is to be ranked
below the porcupine group but above the group of mice.

Thus it is apparent that the development of the brain is closdly connected
with the formation of a strong metabolism. Ungulates have convoluted
brains. Among the carnivores, the mustelids have only dightly convoluted



brains, while those of sedls and particularly of whaes (Pilleri, 1962 @) are
quite convoluted. As early as 1920, Rudolf Steiner made reference to the fact
that there is a connection between the development of the cerebrum and the
metabolic organization; he aso attributed the extraordinary capacities of the
human brain to the fact that it is so well nourished (1919 a).

The rodents, which have differentiated into so many specidized forms,
may be regarded as an expanded spectrum of the many processes that
congtitute the nerve-sense system. The entire range of this spectrum can, of
course, be reveded only when al the rodents of the world are carefully

studied.
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. The jerboa of Egypt exaggerates the posterior pole of the body as much as the

European bison emphasizes its anterior pole (1/3 X, 1/25 X).



VI The Ungulates

The ungulate group is characterized by its intensification, throughout the
entire organism, of metabolic-limb processes. The large sze of these animals is
significantly connected with this strengthened metabolic capacity. In our
study of the rodents and carnivores we have established aready the
relationships between the basic organization of an anima and its sze and
coloration. Since these same relationships hold true in the ungulates, we may
now consder a third aspect of appearance: the outer form in its narrowest
sense, the body's shape in space. The ungulates in particular demand such a
consideration since most of them have on their heads some kind of
protuberances, such as the antlers of deer and the horns of cattle,
rhinoceroses, chamois, rams and others. Here we are interested primarily in
the way these protuberances vary among the different ungulate groups and in
discovering the ordered relationship that prevails between each of these varia-
tions and the physical organization as awhole. An examination of these relation-
ships would reveal that such outgrowths of form are by no means arbitrary, but
that their occurrence, their shape, their very placement on the head, follow strict
and understandable rules. On the basis of this understanding such outgrowths
emerge from the context of the particular species under consideration and are
revedled as something true and comprehensible in themselves. We do not
clam the ability to answer every quegtion that may arise, but such an
analysis would explain much that is not to be understood through causa or
teleological theories.

Let us first consder the shape of two typical ruminants, the domesticated
bull and the bison. Even if we ignore the head appendages, we see that the
front part of the animal's body is strongly accentuated: in the bull, by the
long dewlaps and powerful neck; in the bison, by the high withers and long,
shaggy hair that covers the chest. The hind quarters, by contrast, are quite
dender. The front pole of the body, then, is over-accentuated in shape, and
the animal's physica center of gravity is dso located here. This fact is
strikingly illustrated in the way the bull or the bison stands up: firgt it
straightens its less heavily burdened hind legs, only then does it raise the
heavier, front part of its body. It lies down, too, in a way that is strange to
us; firgt, it bends its front legs laying the main burden of its body down
upon the ground; then the back part follows effortlesdy.
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Animas whose basic organization is polaric to that of the ruminants are
opposite in shape, as well. In the mouse, for example, the posterior limbs and
the tail are over-accentuated in form. The entire front part of its body,
including the forelegs, is less heavily burdened than the ruminant's, Quite the
opposite of the buffalo, whose head is bowed down by heaviness, are al the
senditive rodents, which are able to sit up on their haunches and raise their
heads. The European wood mouse can jump on its hind legs severd times in
succession, without once resting its fordegs on the ground. The jerboa of the
Sahara, which shows the most extreme developement of this form, has such
elongated hind legs that its forepaws rarely touch the ground. In addition, it
has whiskers as long as its body and a tail twice its length. The rare European
jumping mice, the so-called birch mice, are less characteristic of this family;
their back legs are not so over-developed but the exceedingly long tail, nearly
twice the length of the body, still marks them as members of this group.
Smaller than the harvest mouse, these are the tiniest of the rodents found in
Europe. In North America only the silky pocket mouse and some of its
relatives are smaller.

31. Skeleton of the northern three-toed jerboa, of southern Russia Note the elongated
bones of the lower legs and the feet (1/2 X, after Brehm).

32. The birch mouse may be recognized by its very long tail, the dark stripe down
its back, and its rooted molars, of which 4 are found in the upper, and 3 in the
lower jaw (natural size).




In studying the rodents we must pay specid attention to the posterior pole
of the body. A long tail is evidently correlated with an exaggerated sense
orientation. The voles, as we have mentioned, have tails of medium length, and
the tails of hamsters are shorter yet. Similarly, the tails of the metabolically
oriented sudik, marmot, beaver, and porcupine are relatively short in
comparison with those of the dormice and sguirrels. As the metabolic
organization increases in strength, the body's accentuation of its posterior part
and tail is reduced. A smilar development may be observed among the
carnivores when we compare the weasd with the badger, the wild cat with
the lynx, the raccoons with the bears, and the dogs with the sedls. The most
metabolically active animals, such as whaes and cattle, once again have
rather long tails. These, however, unlike the sense-active tails of the rodents,
tend to take on limb functions and have well-developed motor faculties.
Furthermore, these tails by no means balance the accentuated anterior body
of awhale or abull.

This polarity between the sense oriented and metabolically strong animals
sams quite natural to us. Yet closer examination reveals it as a remarkable
phenomenon, for the physical and physiological-functional centers of gravity
do not coincide but are inversely related to one another. In cattle the
physiological emphasis is on the posterior part of the body, the metabolic
realm, while the physical center of gravity is located in the front part, the
area of the nervesense sysem. The rodents physiological center, the
nerve-sense system, is in the head, while the physica center of gravity is
located at the body's posterior end.

In the central group of mammals, the carnivores, we find the jaguar and
leopard, whose bodily shapes are in perfect balance. No one part of the body
is accentuated beyond any other; every aspect is permeated with controlled
strength and suppleness. The physical and physiological centers coincide in
gpace and are functionally reconciled in all the rhythmic processes—epecialy
in the heartbeat and breathing of the central, chest region. In the carnivores,
as we recal, the rhythmic processes dominate those of any other organic
system.

In order to avoid stereotyped thinking we must aso keep before us a clear
picture of the carnivore's great diversity of form. In so doing we shall a the
same time bring further evidence in support of the foregoing argument. The
balanced form of the carnivore is atered in the smaller, more sense oriented
species. The shape of the house cat, for example, in comparison with that of
the large cats or the dogs, shows a dight posterior accentuation. This
posterior emphasis is even more pronounced in the weasd, with its
characterigtically arched back. Of course it would be easy to say, "The
animal is better able to jump from this position, and therefore ..." But the
animal shows an ability to jump precisely because its hind quarters have
developed such strength and the front part of its body has remained so light.

The lion is a carnivore strongly influenced by the metabolism; in it the

99



100

accentuation of the body's anterior pole is revealed in the formation of a
mane. Lions jump but little, hunt in groups, and rarely climb trees. These
animals, particularly the males, are the mogt indolent of cats. They deep most
of the time, utterly overwhelmed by an irresistible somnolence, and may take
as many as two or three days to digest a sngle massve meal. The European
lynx and Asatic tiger, dightly smdler than the lion, still have a fringe of
whiskers around the face. In the most metabolically active of the carnivores,
the seds and whales, the anterior portion of the body is most strongly
accentuated. Their form has long been regarded in a narrow technical sense,
merely as 'drop-shaped,’ so as to offer the least resistance to water. But these
animals are able to take on such a shape precisely because of their exaggerated
metabolic capacity. Developments made necessary by an animal's intrinsic
organization and those necessitated by the physical requirements of the
environment are by no means mutually exclusive, but the shape of an anima
cannot be predicted on the bads of externa requirements aone. Conversely,
characteristics of form that ssem superfluous when seen only from a technica
point of view become understandable when considered in light of the animal's
basic organization. For example, the development of 'manes in sea lions and
fur seds the enormous tusks that develop from the upper canines of the
walrus, and the inflatable nasal sacs of the hooded seds and sea elephant are
absolutely consistent with the metabolic orientation of these carnivores. The
messve size of the giant whale€'s head thus appears in a new light, as
appropriate to an organization dominated by the processes of metabolism.

In the ungulates, whose whole form is basicaly determined by the
influence of the digestion, the front part of the body takes on such
predominance that the most varied kinds of processes, such as warts, antlers,
or horns, may appear. In these animas even the nerve-sense pole shows the
influence of metabolism; here additional organs are formed and protrude
beyond the basic shape of the head. Through their placement at the anterior
pole of the body, these processes revea the metabolic character of these
animals.

Turning now to the ungulates themselves, let us first consider those that are
indigenous to Europe. During the course of their long association with man,
these animals have experienced a fate quite different from that of the rodents.
A biological equilibrium once existed between the harmoniously balanced
plant and anima worlds. But wherever human settlements sprang up, this
equilibrium was disturbed, for monoculture replaced the natural balance of
the plant world. Refuse and garbage accumulated too rapidly to be taken up
into the natural cycle of growth and decay, and mice and rats, attracted by
the ready source of food, proliferated. The settlements of man have aways
attracted rodents; indeed, he has aways had to fend them off. His
relationship with the indigenous hoofed animals has been entirely different,
however: they retreat before him. He has hunted them and driven a



considerable number of them (such as the European bison, ek, and ibex)
away from cultivated areas. Many of them (such as the European wild horse
and the aurochs) he has brought to extinction. Some, however (such as cattle,
horses, pigs, sheep, goats, and donkeys), he has captured, tamed, and brought
back to his stables, where they have become his most important domestic
animals and for millenia have played a vital role in his existence. The rodents
intrude upon man's domain and do him harm; the ungulates avoid his realm,
yet he needs them. (Among the birds a smilar situation exists. Man needs
geese, ducks and chickens, yet he cannot rid himsdlf of sparrows.)

Ungulates still found wild in Europe are the roe deer, red deer, ek, wild boar,
chamois, and Alpine ibex. The wild sheep (mouflon) and the falow deer,
originally from the Mediterranean area, have adapted well to Middle Europe
and have lived there since before the last Ice Age.

Those ungulates whose digestive system is highly specialized chew their
food a second time and aso grow either horns (bison, cattle, sheep, goats, and
chamois) or antlers (roe deer, red deer, and ek). Non-ruminant ungulates
(horses and pigs) have no such appendages! Instead, the horses develop a
highly speciaized limb organization. While the ruminants, as well as the pigs,
have two main hooves and two lateral hooves (‘dew claws) on each foot, the
horse holds back the development of all toes save one, the third toe. The nail
of this one toe has thickened to form a strong hoof. The horse, then, is
odd-toed, in contrast with the other, even-toed, ungulates. Its single hoof, in
avoiding any lateral appendages, appears to be oriented solely towards
forward movement. This accentuation of the limbs enables the horse to be
entirely open to the surrounding world; thus, herds of wild horses galop
through the steppes, their eyes and ears remaining active and aert.

This sense-active character of the horse should be apparent to anyone
familiar with both horses and cattle. Of the two, the horse is the more easily
frightened. Its metabolism, too, is much wesker than the cow's: it must be fed
more frequently than a cow and requires more nourishing food. Yet its
digedtive sysem is never able to transform all the food for its use (there is
always something left for the sparrows). This animal is dso quite susceptible
to discase; dsterile procedure must be observed far more strictly in an
operation involving a horse than in one involving a cow. On electric fences a
horse can be killed by a current of only 40 volts, while pigs and cattle can
eadly withstand up to 120 (Cohrs and Kohler). The face itsdf, both in the
structure of the nose and mouth and in the alertness of the eyes, reveds the
sense-active character of the horse. For in contrast with the moist, hairless
muzzle of the cow, the horse has a dry, velvety upper lip, dexterous and
mobile, and trimmed with delicate whiskers. The cow, on the other hand, has
the more agile tongue! Moreover, the horse has the largest eyes of any land
animal except the giraffe and is able to s quite well even in the dark
(Milne).

What, then, is the basc characteristic of the horse? As we have seen, this
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large, powerful animal is a member of the ungulate group and is therefore
dominated primarily by the forces of metabolism. But it is, after al, the
delicate, sense-active, limb-oriented character of this animal that marks it as a
horse. Its shape is absolutely consistent with this sense-active nature: humped
withers, dewlap, head protuberances, indeed, any exaggeration of the anterior
body, are entirely absent. Unlike the cow, with its heavy anterior body, the
horse is able to stand by straightening its front legs first, and it is well able to
jump. Any outgrowths from the head would be inconsistent with the horse's
nature since its entire organization, in comparison with that of the ruminants,
is quite open to the surrounding world (Plate 124).

The pig, too, has neither horns nor antlers, and has in common with the
horse a smple digestive tract. Its ssomach has only one chamber, its intestines
are relatively short, and it does not ruminate. It is, however, even-toed, and
thus it is closaly linked with the ruminants. The pig, like the horse, retains the
digegtive tract in its original form, while, like the ruminants, it retains the
origina limb formation. The pig, then, is not so specidized as either the horse
or the cow, but has an organization more basic than either of theirs.

This lack of specialization is revealed in many other features of the pig's
organization, as well. Its dentition, for example, includes all three kinds of
teeth, the molars remaining unspecialized and having high, conical cusps.
Litters are quite large (as many as twelve); the udder has many teats and
extends adong the entire mammary ridge. Within the otherwise highly
specialized ungulate group, this rather primitive organization allows the pig
to mediate between the two extremes.
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As central, rhythmic ungulates, the swine take on some carnivorous traits.
Though primarily herbivorous, they also eat meat, strange as this seams for a
hoofed animal. Wild boars root for earth worms, grubs, and even mice, and
whenever they can find them, they devour the eggs and young of birds
nesting on the ground. Domesticated pigs even hunt the rats that infest their
pens. Thus, they are omnivorous, but for reasons quite opposite those of the
badger or the bear. For the latter are metabolically oriented carnivores; the
former, carnivorous ungulates.



Moreover, because the swine, as central ungulates, retain such a basic,
unspecialized shape, they are noticeably smaler than either cattle or horses.
The growth processes governing ungulates, then, are evidently quite different
from those that shape the rodents or carnivores. In the following pages we
shdl observe repeatedly the conspicuoudy smal sze attained by many
centra ungulates; then, having become better acquainted with this
phenomenon, we shall examine it in detail in Chapter 1X.

The swine group is dso differentiated within itsdf. The Old World pigs,
including all domesticated breeds, which are descended from the Eurasian
wild boar, represent the actual middle group. The South American peccaries
(Plate 127) are more dender than these centra swine, and the African
hippopotami are more massive. The peccaries have a belligerent, aggressive
nature, while the hippopotamus is completedly herbivorous and has a
specialized, multi-chambered stomach. The first section of this animal's small
intestine has developed numerous sacs similar to those found in the colon, and
saves as an additional fermentation chamber for chyme Despite these
specialized developments, however, the stomach is not that of a genuine
ruminant, and the food is not chewed a second time.

33. Hippopotamus (1/28 X).
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34. The someach of the hippopotamus has fourteen chambers (Verheyen).

Our assumption that the swine are the central ungulates is well supported
by a study of the hippopotami. As metabolically oriented relatives of the
pigs, these animals are the ungulates best adapted to aquatic life. The aquatic
tendency of metabolically oriented members of central groups thus applies
not only to the sedls and whales among the carnivores, and to the beavers
among the squirrel-like animals, but to the central hoofed animals, as well.

Of the two living hippopotamus species, the common hippopotamus, as
the larger form, is the more closely bound to the water. There it takes refuge
in time of danger, and there it even mates and gives birth to its young. The
pygmy hippopotamus of Liberia, however, in both behavior and organization,
is more open to its environment. This rather small anima moves freely
between water and land, flees from the water when in danger, and gives birth
on land, as well. This animal does not possess the enormous mass of the
common hippopotamus.

Swine Group
(Bunodonts)

Peccaries > Pigs Hippopotami

Further confirmation of our proposed threefold divison of the ungulates is
found in the formation of their teeth. The rodents accentuate the incisors; the
carnivores, the canines; and the ungulates, the molars. Thus the formation of
the teeth in any particular gspecies reflects the relationship between its
nerve-sense, rhythmic, and metabolic sysems. Within the ungulate group
itself, despite its accentuation of the molars, a similar modification of the
teeth takes place.



35. A mdewart hog (1/17 X).

In the horse group (horses, donkeys and zebras), for example, the molars
are broad and square. In the wide gap between the large molars and the
incisors of the males, smal canines are found. In front, however, strong upper
and lower incisors appear; these are directed dmost vertically toward one
another, enabling the horse to use its front teeth to bite off food. Here the
front part of the ungulate dentition has metamorphosed into a form dightly
reminiscent of the rodents' teeth (Plate 124).

As we have mentioned, the swine's set of teeth is complete and has no gaps.
In each haf of the jaw there are three incisors, one canine, four premolars,
and three molars. The incisors are directed sharply forward and can be used
like smal spades for digging. The molars are unspecidized in form and
equipped with cone shaped cusps that have given the entire swine group the
name Bunodonta (Gr. bounos, 'hillock’). The largest of these teeth are the
canines, which project as tusks beyond the wild boar's snout (Plate 125). This
development, too, indicates that these central ungulates approach the
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carnivore in type. Despite this accentuation of the canines, however, the pig's
dentition is by no means that of a carnivore; for the canines of dl swine
remain rootless, grow continuously, and grind against one another in order to
maintain their sharp edges. In addition, these tusks, together with the heavily
built withers, give increased mass to the anterior pole of the pig's body. This
formative function of the canines reaches its extreme in the South Asian
babirusa. In this anima both upper and lower canines grow straight up; the
upper ones even grow through the top of the animal's nose and then curve
back towards the eyes, thus forming the primitive 'antlers' that have given
this animal the German name 'deer hog' (Hirscheber) (Plate 161, 162).

The structure of the African wart hog's teeth is equally consstent with its
overal constitution. The massve chest and neck region of this metabolic
animal is covered with a shaggy mane and stands in sharp contrast to its
relatively weak hind quarters. Projecting sideways from its enormous head
are canine tusks up to 10 inches (25 centimeters) in length, and along the
cheeks and lower jaw are conspicuoudly long, wart-like outgrowths. The wart
hog has become practically herbivorous, and in the structure of its teeth it
shows the influence of a strong metabolism. Even in young animals the upper
incisors are incomplete; both upper and lower incisors are soon shed, so that
except for the enormous tusks, only the molars are left.

The peccaries, on the other hand, show a complete st of teeth, with
moderately long, rather pointed canines and a full complement of incisors.
These incisors megt and are therefore able to bite off food, so that they
functionally recall those of the rodents.

The molars of the ruminant ungulates are strongly modified. In typical
casss they continue to grow for a long time, are incompletely rooted, and
always have crowns with folds shaped like haf moons. As sdenodonts
(ungulates having molars with crescent shaped ridges) al ruminants are to be
differentiated from the bunodonts. In the upper jaws of most ruminants, the
canines and incisors have disappeared—a reflection of the fact that both the
rhythmic and nervesense systems have receded in these animas. The
premaxillary bone of the jaw is covered not with teeth, but with a horny
plate originating from the mucous membrane of the mouth. The lower jaw
contains both incisors and canines, which are amost identical in shape and
have broadened to form a single flat, shove-like plate. When grazing, the
ruminant holds the grass with its tongue, pressing it with the lower teeth
against the horny plate of the upper jaw. Then, the anima does not bite off
its food, but jerking its head forward, tears it off with great relish. Between
the highly modified incisors and molars of the lower jaw there is a wide gap,
indicating the deficiency of rhythmic processes in these extremely metabolic
animals.

So the teeth, regarded from the viewpoint of the threefold idea, truly
reflect the way in which an organism's three great life systems have
developed. The phenomena speak for themselves. Cuvier was one of the first



to recognize the great value of the teeth for the classification of mammals,
when he said, "Montrez moi vos dents et je vous dirai qui vous étes (Show me
your teeth and I'll tell you who you are)." Since his time paleontologists have
been able to make fairly accurate reconstructions of entire animals from their
sts of fosdl teeth. Yet even today's scientists are as unaware as Cuvier was
of the fact that the formation of the teeth is not merely a key to correct
classfication, but also the precise expresson of a threefold organization in
the mammals.

We turn once again to the principal theme of this chapter, the head
processes. These are quite consstent with the animal's overall form, since they
develop in metabolically oriented animas that already add mass to the
forequarters and the head. The stronger an animal's metabolic capacity, the
more likely it is to develop head processes. Thee are found, therefore, in
amogt al ruminants, but conversely, they are lacking among the central
ungulates (the pigs), as well as those most senstive to the environment (the
horses). All members of the horse group, such as donkeys, mules, and zebras,
are without horns or antlers.

Closdly related to the horses are the tapirs. Although they, too, are
odd-toed, their overal appearance is quite different from that of the horses,
whose joy is in running. They more closdly resemble large pigs, and their life
in the marshy swamps of tropical southern Asia and South America is adso
similar to theirs. Their limbs have retained severd toes, but the fact that the
third toe is always dominant provides additional proof of their kinship with
the horses. Predictably, these animals lack head processes of any kind. Their
dentition (Plate 128) shows accentuated canines. Within this odd-toed
ungulate group, the tapirs, in contrast to the horses, may be regarded as the
family dominated by the rhythmic system. This dominance of the middle
system aso explains the tapirs' similarity to the primarily rhythmic ungulates,
the pigs. Occasionally, they even eat animal food (Grzimek, 1968).

We shal fully understand the implied connection between metabolic
strength and the formation of head processes, however, only if we take the
exceptions into account. For this purpose we must broaden our field of
observation to include ungulates outside Europe. Specificaly, we must
investigate both odd-toed ungulates with head protuberances and ruminants
without them. For just these exceptional cases will enable us to understand
the typical horn- and antler-bearing animals.

Let us begin with the rhinoceros. This huge, ungainly animal is odd-toed
and must therefore be closdy related to the graceful horse. A paradox?
Hardly: for it, too, is a magnificent animal, cast in a grand mold. What,
then, is the constitution of this animal? The relationship of the rhinoceros to
the tapir and the horse is shown in the smple construction of its stomach, the
presence of incisors in its upper jaw (at least in young animals) and, as we
have mentioned, in its odd-toed limbs. Each limb has a large main hoof and
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two dlightly smaller lateral hooves. In its basic nature and behavior, however,
the rhinoceros is by no means as agile or sensitive as the horse, but rather
dull-witted and completely occupied with its own powerful metabolism. It is
given to brooding and likes nothing better than peace and quiet. A solitary
animal, it seeks to avoid any creature, including man, that might disturb it.
Through the Asian jungles and the savannahs of Africa, the rhinoceros stumps
along, the virtual embodiment of concentrated dullness: an odd-toed ungulate
that has yielded to the influence of the metabolism and whose organization is
therefore polaric to that of the horse.

Odd-toed Ungulates
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Horse Group Tapirs Rhinoceroses
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In addition, the rhinoceros body is enormous and is covered with a tough,
leathery hide. Consistent with these developments is the accentuation of its
head, which is massive and usually bowed down under its own weight, with
horns along its snout. When these are paired they do not stand side by side,
but one behind the other along the median line of the head. In the dentition,
molars and incisors are present in both upper and lower jaws; canines are
absent. Like horses, the relatively sense oriented rhinos of Asia (ranging from
India to Indonesia) use their incisors to bite off food; only rarely do they use
their horns defensively. While most Asian species have only one horn (Plate

36. Fronta view of the heads of (1) the black and (2) the white rhinoceros of Africa
(Dorgt and Dandelot).

37. Mdayan tapir; between the ages of 2 and 5 months the young lose their dtripes
108 and spots, adopting the coloration of the adults (1/17 X).
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130), the strongly metabolic African rhinos (Plate 131) have two. The
increased metabolic capacity of these African species is further indicated by
the fact that they lose dl their incisors at an early age, and unlike their Asian
coudins, they fight amost exclusively with their horns (Spinage)! The black
rhino of East Africa has even been observed chewing food for the second
time, in an act that could amost be considered rumination—though in this
cax it is not the animal's own partially digested food that is 'ruminated," but
that of the droppings of the gnu (Grzimek). An intermediate position is
occupied by the Asdiatic two-horned rhinoceros of Sumatra (Plate 129), a
relatively small animal, primitive in its organization. Its skin is quite hairy,
and it has incisors as well as two small horns.

The so-called white, or square-lipped, rhinoceros is the largest of its group.
It lives wild only in two strictly protected African preserves. Its head is huge
and takes up nearly a third of its enormous body length, and the horns aone
can attain a length of 5 feet (1.5 meters). The mobile, prehensile upper lip of
other rhinos has broadened in this animal to form a 'square lip." All incisors
are shed soon after birth. With a length of 15 feet (45 meters), a height of
about 6 feet (2 meters) at the shoulder and a weight of 4 1/2 tons, this animal
(with the exception of the elephant and the hippopotamus) is the heaviest
land mamma dive today. As the most metabolically oriented of all
rhinoceroses, it represents an extreme development among today's ungulates.
The five living rhinoceros species, then, may be grouped as follows:
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Javan Indian Sumatran Black White, or
Rhinoceros Rhinoceros Rhinoceros Rhinoceros Square-lipped

Rhinoceros

From cave paintings we know that in prehistoric times man was
contemporaneous with the rhinoceros even in Europe. During the postglacial
period the woolly rhinoceros was quite common. It, too, was square-lipped
and had large, double horns, and it was far more metabolic in orientation
than any of its descendants are. On its withers was a fatty hump, and its
entire body was covered with long, thick hair. In this anima even the
normally cartilaginous nasal septum became massive and bony—another
indication of its extreme emphasis of the head (Plate 132).

38. The black rhinoceros of Africa fesds on leaves and twigs (1/28 X).
39. The white, or square-lipped, rhinoceros of Africa feeds only on grass (1/30 X).
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Which of the ruminants are without head processes? The best examples are
the camels. Members of this group have the same crescent-shaped molars as
the cattle, they ruminate, and they have a multi-chambered stomach. Yet this
stomach is not of the fully developed, four-chambered type found in cattle,
for the omasum merges into the rennet stomach (Plate 47)%. Though this
sysem is adapted to rumination, it remains the most primitive of all
ruminant digestive tracts. The camels lack of the head appendages so
characteristic of all other ruminants is correlated with this primitive
metabolic system. Within the ruminant group, then, the cames show a
one-sidedness approaching that of the horses.

In such a 'hybrid' creature, existing between the cow and the horse, we
might expect to find a st of teeth in which the molars are dightly
emphasized, but in which upper incisors are still present. This is, in fact, the
case. In addition to the canines, the upper jaw dso contains al sx incisors
in the set of milk teeth, and two of these remain in the permanent teeth. The
lower incisors are of the same shape and vertical orientation as those of the
horses. The molars close off their roots early and therefore stop growing
sooner than those of cattle. In the formation of its limbs, the camd, like the
cow, is even-toed; like the horse, however, it has no lateral hooves. It is
noteworthy, too, that this animal, unlike the horse, does not wak on
modified claws, but on the caloused, thickened pads of its toes. The entire
group of camels is therefore designated taxonomically as the Tylopoda.

The archetypal form of the camed family, however, is neither the well
known dromedary nor the Bactrian came, but their humpless South
American relatives. In these animals the came family's development of the
system open to the outside world is most clearly expressed. This nerve-sense
orientation is especialy apparent in the wild forms, particularly the guanaco.
Its form is quite graceful. Its flanks are drawn in, thus separating the thighs
from the belly, and the hind quarters are in no way accentuated. At the same
time, however, the neck has become neither short nor thick but remains
dender and quite long, carrying the tiny, small-muzzled head high above the
region of the trunk. Its strikingly large, long-lashed eyes show a strange
mixture of dreaminess and attention as they gaze out upon the world. The
ears, nervoudy attentive to sounds from al directions, are long and pointed.
The elongated upper lip is split and, together with the lower one, droops
dightly. The guanaco's well known ‘haughty' expresson is a result of this
amogt grotesque mixture of dullness and wakefulness.

A dsmilarly grotesque mixture is shown by the rhinoceros, as the mogt
strongly metabolic member of the sense-active horse group; yet the result is
entirely different. Both the outer form and the inner nature of the guanaco
and other camds are expressons of a constitution diametrically opposed to
that of the rhinoceros. For the latter is a member of a group predisposed to
wakefulness in the outer world; yet it Snks deep into the dullness of its own
massive body. In the camel, by contrast, the nerve-sense pole rises high above
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40. The four goedes of the camd family. From left to right, dromedary, guanaco,
vicuna, and Bactrian camd (1/50 X).

the metabolicaly oriented trunk. The entire shape of the rhinoceros spreads
out into the horizontal, while the came's form lengthens into the vertical.
Thus, the rhinoceros, an odd-toed ungulate that atypically dresses the
metabolism, is able to develop head processes, and conversely, the camel, a
ruminant atypically open to the outsde world, must lack any such
appendages.

The vicuna, the guanaco's even smaller relative, also lives in herds high in
the Andes. The chest of this appealing animal is covered with a ddicate
mane. Its lower incisors have even become small-crowned, prism-shaped
'rodent teeth' that grow continuously through open roots (Weber)! This
animal is so sendtive that it cannot adjust to any environment outside its
ancestral home (Krummbiegel, 1952). From one of these two species or from
both (research on this question has not been conclusive), the native Indian
population has bred two domesticated animals: the llama as a beast of burden
and the alpaca as a supplier of wool.

Larger than these South American animals are the camds of the Old
World. The dromedary was originally native to the Middle East, and it was
only a the beginning of the Christian Era that this animal was introduced
into North Africa It is no longer known in the wild state. Its tough,
life-sustaining metabolism, which is held within strict bounds, enables this
animal to cross deserts and semi-arid lands. Yet, though its patience and
tenacity, its very capacity for endurance, are important for this ability, its
ENEs are even more 0. For its gaze reaches far over the endless, flat expanse
of the desert, and with straining senses it finds, in time of need, the way to
shelter, food and water. Thus until quite recently, man's existence in the
desert was literally made possible by the camels.

The dromedary's form gives vishle expresson to this combination of
metabolic strength and well-developed senses Even its Sze indicates that it is
more metabolic in orientation than either of its South American cousins. Yet
the increased bodily mass that accompanies this larger size does not extend to
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41. Guanaco, a smdl wild camd of South America (1/15 X).

the head; instead it is confined to the region of the trunk, where it forms a
hump in the middie of the back. It is in this formation that the camels
'hybrid' character becomes apparent. For the trunk is obviously dominated by
the metabolism. Yet the sense-active head is able to rise high above the sphere
of the trunk, since the neck, though it begins low on the body, nevertheless
towers above it in an S-shaped curve.

This paradox becomes even more evident in the Bactrian camel of Central
Asia The most strongly metabolic of the camels, it is the largest form, has
two humps instesd of one, drapes the front of its body with a thick
neck-mane, and has hairy tassels on its forelegs. In this way its anterior body
is dightly accentuated, but this accentuation still does not lead to the
development of head appendages—the animal's entire nature is far too sense
oriented for that.

Like the cames, the ruminant chevrotains (Tragulidae) have no head
processes. These tiny forest dwellers are no larger than hares and live in
tropical Africa and Asia. Singly or in pairs, they dip through the underbrush
near rivers and streams, leading a completely hidden existence. In Ada this



42. African water chevrotain. The femde lacks the long canines found in the male
(U6 X).

group is represented by the mouse deer (or true chevrotains); in Africa, by
the water chevrotain. Because their outward appearance is so similar to that
of the Himalayan musk deer, the chevrotains have often been considered dose
relatives of this animal; this classification is erroneous, however, since the
chevrotains have no musk glands. Further evidence of their independence
from the deer group is their incomplete development of the ruminant
digestive system; in them the omasum (e Plate 47) has not developed fully.
Congistent with this incomplete digestive system is the fact that chevrotains
have no head appendages. They differ from the camels, on the other hand, in
the formation of their limbs. Each limb has the typical even-toed arrangement
of main and lateral hooves, a total of four on each foot. Thus, the limbs of
the chevrotains avoid the one-sided specidization of the camd's two-toed
foot and more closdly resemble those of the four-toed deer and cattle. The
chevrotains avoid both extremes, the highly specidized ruminant stomach of
the deer and cattle, as well as the equally one-sided structure of the camels
limbs. In both metabolic and limb systems rather primitive conditions prevail
in these animals. This primitive levd of development is so far-reaching that
the ulna and radius remain separate, and the second and fifth metacarpal and
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metatarsal bones are distinctly retained. In the water chevrotain even the
third and fourth metacarpals, unlike those of al other ruminants, remain
unfused.

In reviewing these characteristics we see that the chevrotain's mediating
position within the ruminant group is similar to that occupied by the swine
between the odd-toed ungulates and the ruminants. And, in a development
consistent with this middle position, the mae chevrotains have upper canines
that protrude down from the mouth and attain a remarkable length. Upper
incisors are lacking. In addition to its naturally preferred vegetable diet, the
African water chevrotain aso eats insects, smal crustaceans, fish, smdl
mammals, and carrion (Grzimek, 1968).

All other ruminants have the four-part stomach typical of this group and
therefore represent the genuine metabolic mammals. In apparent connection
with their completely metabolic nature, nearly al of them have a pair of
bony projections attached to the frontal bone®. In contrast with the cames
and the chevrotains, these animals have been called Pecora (cattle). We shall
refer to this group as the bearers of frontal processes. We are now able to st
forth a ninefold basic ordering of the ungulates, an arrangement that
provides the key to their biology of form®.
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All sense oriented and central ungulates lack the frontal processes found in
the strongly metabolic forms. Surely these processes stand in a specid
relationship to the metabolic organs:
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Obvioudly the hippopotami do not conform to this rule. As primarily
aquatic animals they, like the whales, avoid such outgrowths. Still, similar
formations are found among the most strongly metabolic of the terrestrial
swine, as for example in the wart hogs. Rudimentary facia warts are aso
shown by the bearded pig and the Javan pig of South East Ada, as well as
the bush pig and giant forest hog of Central Africa

The various protuberances are by no means identical in form, but develop
in harmony with the anima's whole organization. Nose horns are quite
different from faciad warts or horns on the forehead. Even the formative
tissue is gecific to each kind of outgrowth. To understand the significance of
these differences we must examine the structure of the skin.

The skin covering the head usualy condgts of three layers. The superficia
layer, the epidermis, has protective as well as sensory functions. It keeps the
inner tissues from drying out and insulates them against mechanical shock. In
addition, it contains sense organs, such as touch and pain receptors, as well as
sensory hairs. It is well known that a superficia injury to this sendtive layer
of the skin can be more painful than a more serious, deeper injury. In the
dermis, or middle layer of the skin, mogt of the processes of blood circulation
take place. Here, if they are present at all, the skin musdes are dso found.
The third, or subcutaneous, layer often has the function of storing fat. In the
region of the skull, bony formations arise from this subcutaneous tissue
(desmocranium). Thickened proteinaceous material (bone glue) is here
permeated with cacium sdts that constantly dissolve and re-form, as long as
these dermal bones continue to grow. Here we can identify the workings of
metabolism.

Thus in the skin we find a threefold differentiation of form that
recapitulates the structure of the organism as a whole. Magerstadt (1950,
1956) has aready identified this tripartite structure in the skin of man, and
he has applied his findings to medica research. We shdl find this discovery
equally useful in our description of the specific form taken by each of the
various head processes. For the structure of these appendages is closdly
connected with the threefold division of the skin.

The rhinos, as a subgroup of the sense oriented, odd-toed ungulates,
develop horns that are nothing more than thickened, horny outgrowths of the
epidermis, or sensory layer of the skin. The facid warts of metabolically
oriented members of the central swine group develop from a thickening of the
dermis, or middle layer of the skin, which then changes to cartilage (Broman).
Only the true ruminants have appendages that are formed from an outgrowth
of bone. At first these develop independently as single bones (os cornu) in the
subcutaneous region; then, as they continue to grow, they fuse with the
frontal bone (Nitsche, 1898; Rhumbler, 1913). These anatomical features of
the head appendages are made comprehensible for the first time by a
threefold analysis.

The horns' positions on the head aso follow a definite order. Our initial
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43. The layers of the head covering from which the head processes develop in @) the
rhinoceras, b) the wart hog, and c) the cow.
1. epidermis, 2. dermis, 3. bones in the subcutaneous region.

44. The firg dages in the growth of a sheep's horn. The horn first develops
independently in the subcutaneous region, and later fuses with an outgrowth of
the frontal bone (after Brandt and Weber).

examination of the teeth revealed a threefold organization inside the mouth:
the front part forms the sense pole, while the posterior part is related to the
metabolism. As we might expect, then, the head processes of the rhinoceros
are located on the snout; those of the wart hog, in the middle of the face,
along the cheeks; and those of the ruminants, near the back of the head. For
the first time we are in a position to understand why the head processes of the
ruminants grow from the rear part of the frontal bone, near the back of the
head. And we can aso see that the so-called exceptions are really not
exceptional at all. Here we witness the awesome inner logic of the organism
and experience a diversity that is ordered in a living way, and not merely
schematized?®.

Goethe discovered in his zoological studies that the appearance of head
processes is always correlated with the absence of certain teeth from the
upper jaw:

No animal, for example, whose upper jaw is hedged by a complete st of teeth hes
ever carried a horn on its forehead, and it would therefore be quite impossible for the
eterna Moather to fashion a lion with horns, whatever efforts she might make; for she
has not material enough to plant the rows of teeth complete and to sprout antlers and
horns as well%.

(From Goethe's "Metamorphosis of the Animals," trandated by David Luke)

Nature compensates for the loss of one organ with a special development
of another. Goethe spoke of the état, the internal economy of an organism,
the mutual compensation of parts. But why it is precisely the upper incisors
that are absent from the jaws of ungulates with head processes, and why the
upper canines are also missing from the jaws of rhinoceroses and cattle, but
not from those of wart bearing or even horn bearing pigs (see page 285)—
these questions Goethe could not answer fully.



45. The placement of the head processes in the rhinoceros, wart hog, and bison.

In the following chapters we shal undertake to answer these questions by
examining in detail the organization and form of the ruminants bearing
frontal appendages (the Pecora). This group includes the horn-bearers, or
cattle, the antler-bearers, or deer, and the giraffes.
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VIl The Horned Animas

The horned animals are the most highly developed of the ungulates. The
cattle form this family's basic type, so the entire group of horned animas is
often caled the Bovidae. All male and most femae members of this group
have the paired frontal processes we have already found to be associated with
strong digestive activity. Thus, before presenting the individual species, it is
logical to consider the organ that gives these animals their digestive capacity:
the four-part ruminant stomach, which is fully developed in al bearers of
frontal processes. Although we are deding here with organs that lie within
the abdomina cavity and therefore cannot be seen from the outside, we need
not exclude them from our consideration of form.

The bearers of frontal processes are al either grazers or browsers. The same
is true of most other ungulates and many rodents as well, though to a lesser
degree among typical, very nervous rodents than among the metabolicaly
efficient gpecies, such as hamsters, marmots, beavers, and porcupines. All these
animals must derive nourishment from a food composed primarily of cellulose
and therefore quite difficult to digest. Thus, not only the cattle, but the
metabolically oriented rodents as well, require specidized digestive systems.
We intentionally include in our discusson of the ruminant stomach a
description of the digestive tract found in the metabolically oriented rodents,
for it is only in contrast with this rodent digestive system that the specific
developments of the ruminant system become clear.

The mammalian digestive tract in its unspecialized, genera form may be
divided into the following parts: ora cavity, esophagus, stomach, duodenum,
small intestine, colon, and rectum.

Ora Eso- Stomach Duo- Smadl Intestine Colon Rectum
Cavity phagus denum
.-f——m__,_,_.--”_-w-,,_;:_:q_‘_ u_m W
- __.-——I _“‘--h__. - - LB i r—r
Site of Site of
development of development
the Rumen, Re- of the Cecum
ticulum and
Omasum

46. Schematic representation of the digestive tract, in longitudinal section.



47. Right, from the top down, schematic representations of the stomachs of a camel,
chevrotain, and bearer of frontal processes (after Boas and Weber).
es esophagus, ru rumen, re reticulum, om omasum, ab abomasum, in intestine.
Left, sheep's stomach (example for C). The reticulum, omasum, and abomasum
have been cut open to make their internal surfaces visible. Note the gullet
connecting the reticulum and rumen (after Carus and Otto; from Weber).

In cdlulose-digesting rodents the colon is enlarged at the point where it
joins the small intestine, and there a large sc called the cecum is formed.
This sac may even become larger than the colon itsdf. For example, in the
rabbits, closdly related to the rodents, it holds ten times as much as the
someach, is longer than the animal’s entire body, and amost completely fills
the lower part of the posterior abdomen. It is a fermentation chamber in
which bacteria flourish. These bacteria bresk down whatever cdlulose the
gastric juices have been unable to digest and make even this poor food
accessble to the organism.

The digestive tract of the ruminants undergoes a smilar modification, but
in a different place—not at the back of the digestive system, but towards
the front. In these animals it is not the colon but the esophagus that forms, at
a point just before the opening of the stomach, a large outgrowth of sacs: the
rumen, the reticulum, and the omasum. The original stomach now forms only
the last chamber and is called the abomasum. This complete stomach, which is
only partly developed in the camds and chevrotains, is definitely four-
chambered in ruminants bearing frontal processes. Functiondly, then, the
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lower part of the esophagus has become part of the stomach—indeed, its
largest part.

The cow's rumen, which itsdf conssts of two sac-like extensions, can hold
up to eight gallons (thirty liters). The importance of this organ is suggested by
the fact that the entire ruminant group is named for it. The word 'ruminant’
is derived from the Latin rumen, meaning 'gullet." The grass, after being torn
off and coarsdy pre-madticated, is first gathered here, moistened by the
rumen's digestive juices, and attacked by myriads of bacteria, yeasts, and
unicellular ciliates. It is broken down chemicaly and thus predigested. The
bacteria are primarily responsible for this predigestion, breaking down fifty
to seventy-five percent of al the celulose consumed. The yeasts thrive on the
resultant carbohydrates and multiply, while the ciliates consume the bacteria
themsalves, as wdl as other available foodsiuff; afterwards, all these
microorganisms are digested, as a nourishing source of protein. As much as
five percent of the rumen's contents may consist of such protein.

The cow maintains a symbiotic relationship with these microorganisms,
assiged by the flowers and insects of the pasture. For the yeasts enter her
stomach by way of the flowers, where they live in summer (and are therefore
cdled 'nectar yeasts' Anthomyces reukaufii). During the winter these
microorganisms live in the digestive tracts of bees;, each spring they return to
the flowers and with them find their way back into the stomachs of grazing
animals (Klein and Mller, Hartmann).

The ruminants, then, in direct contrast to the rodents, create a place for
these microorganisms in the enlarged esophagus, at the very front of the
abdominal cavity. The bovine animas have the strongest metabolic capacity
of any hoofed animas precisely because they have drawn their digestive
processes forward into the front of the body—certainly not because they
have an overabundance of digestive organs. Even the organs of the anterior
body have become involved in metabolic processes. Thus, what we have
already seen in the ruminant's outer form, as the accentuation of its anterior
body, is dso evident in the digestive system, where supplementary stomachs
are formed out of the front-most part of the digestive tract. Even at the front
of the animal's body, sense processes retreat before the power of digestion.

The rodent's cecum, on the other hand, develops in the posterior digestive
tract, in harmony with the posterior accentuation of its outward form. Even
the formation of internal organs, then, is consgtent with the shape of the
body as awhole.

What takes place insde a ruminant's ssomachs? Usually a smplified, and
therefore incorrect, explanation is given: the food first enters the rumen
(according to this explanation), then the reticulum; after rumination it enters
the omasum and finaly reaches the abomasum, from which it passes over as

48. Three unicdlular ciliates from the rumen of a cud-chewing ungulate. From the
top down, Ophryoscolex, Entodinium, Cycloposthium (enlarged 300 X).



fluid food pulp (chyme) into the intestine. But what actually occurs is quite
different (Scheunert; McAnaly and Phillipson). In the adult animal the
coarsaly chewed food first enters the reticulum and from there passes into the
rumen; sometimes it bypasses the reticulum and goes directly into the rumen.
Thoroughly moistened by huge quantities of saliva (a cow produces fifteen
gallons a day!), this chyme, during a period of one half to one and a quarter
hours, is passed back and forth between rumen and reticulum, and thoroughly
kneaded in the process. It reaches a temperature of about forty degrees
Centigrade and ferments strongly. The reticulum's net-like internal surface
divides the partly digested food into smal lumps, the cuds, and these are
brought forward into the mouth and chewed again. During this time the
animal usually lies down or stands quietly, completely giving itsdf over to
this task.

The well-masticated chyme is swallowed a second time, and again it enters
the reticulum, where it is mixed once again with the contents of the rumen.
When rumination is complete, the reticulum allows its contents to pass
gradually into the omasum. The latter organ squeezes most of the fluid
content out of the pulp, and, with its complicated network of leaf-like folds,
grinds down the solid parts, as well. From there the fluid enters the
abomasum and is absorbed; then the pulp follows. The abomasum, as we have
mentioned, corresponds to the smple somach of other mammals. Only this
stomach has in its walls glands that add their own digestive juices to the
food: stomach acids, pepsin, and, during infancy, rennin. Hydrochloric acid
kills the microorganisms so they may themsdves be digested. Pepsin and
rennin break down the protein material. At the abomasum's posterior end a
sphincter muscle, the pylorus, gradually releases small portions of the food
into the intestine, where it is prepared for use in the formation of the body's
own substance. The extreme length of the intestine (about 200 feet, or 60
meters, the smal intestine alone being about 180 feet, or 54 meters, long)
greatly facilitates this process. In the lower part of the smal intestine, a new
group of microorganisms is introduced; in the relatively short cecum® even
cdlulose can be fermented again and then rendered useful in the mesocolon.
Through the rectum the digestive resdue leaves the organism. But every
farmer and gardener is aware of the great value of this ruminant dung.
Unlike the dry, amost mineralized droppings of mice, cow dung is rich in
humus-building nutritional matter for the plants. A composted heap of cow
dung may smdl like humus, and in the tropics it may even smdl like
perfume.

In the tropics there is cow dung that under certain conditions—probably after it has
dried out dightly and been moigened again with den—amdls extraordinarily swed,
with a scent somewhere between those of roses and vanilla When | was searching in
Coda Rica for the orchid Cattleya darwini, | was perhaps twenty times deceived by a
wonderful perfume and looked for the orchid among the trees. | never found the
orchid, but falowing the scant | dways found cow dung ingeed. In Java, with Mr.

123



124

Bréutigam, who grows a specia kind of grass for fodder and fertilizes it with buffalo
dung, | noticed the same agreeable perfume and could not doubt its origin (Kuntze in
Brehm's Tierleben).

The cdf, while still young enough to nurse, does not yet make use of its
rumen and reticulum; as a rule, it takes only water into these chambers.
When drinking milk it doses off the opening of the esophagus just a the
point where the rumen and reticulum bulge out, so that a gullet is formed (see
Plate 47) through which the milk flows directly into the omasum, and from
there immediately into the abomasum. Here the milk protein (casein) is curdled
by rennin and the actual process of digestion begins. The opening and closing
of this gullet is strongly dependent upon psychological (or soul) factors: if the
caf expects milk, has seen it, and is then blindfolded and given water
instead, it diverts the water directly into its omasum and abomasum. If, on
the other hand, the cdf is prepared to dake its thirst with water, it takes
even milk into its reticulum and rumen. Evidently, the soul life of this animal
is deeply connected with the processes taking place in its four stomachs.

This specid digestive capacity of the ruminants is expressed not only by
the anterior emphasis of the body, but dso in extra outgrowths from the
head, the frontal processes. The mogt extreme example of this development
was the Irish ek (Plate 149), which lived during and after the lce Age
especialy in prehistoric Ireland. Each year it grew a new pair of antlers with
a span of about 12 feet (3.5 meters) and a weight of nearly 100 pounds
(45 kilograms). What a remarkable metabolic achievement! We can understand
the meaning of such head appendages only when we s how they relate to
the specid metabolic organization of the ruminants. Schrammen (1930)
characterized them as deposits of metabolic surpluses. But they do not arise
by accident, nor are they randomly placed. Even their position at the back of
the head has proved relevant to our study of form. What, then, do the
various forms of horns and antlers tell us? And what meaning can be found
in the very contrast between horns and antlers?

In order to discover this meaning we must refer once again to the idess of
Rudolf Steiner. It has been our purpose throughout this book to show how
these ideas can be applied fruitfully to the study of natural phenomena.
Admittedly, Steiner's ideas are not easy to grasp, and one's natural skepticism
could easily lead him to reject concepts so out of the ordinary. The proof of
their validity, however, is in their application. Unusua though it may be to
spesk, for example, of the threefold divison of the animals, we have seen
how this idea opens insights into previously unexplained relationships among
the mammals. We have seen, too, that when Steiner's concepts are taken
rigorously and without bias as the starting point for objective studies, myriad
data, otherwise unrelated, come to their support. Even when we fail to
comprehend exactly how Steiner came by his ideass, we can attest to the
fruitfulness of their application. We must therefore again ask the reader to



hold in abeyance, for the time being, any inclination to dismiss the
unexpected, and to entertain with an open mind the ideas that follow.

The cow has horns and hooves. What happens in the places where hooves and horns
grow? There an areais formed that sends currents inward in a particularly strong way.
There the outer is strongly shut off. Not only the communication through the permesble
skin and hair is blocked off, but there the animal is completdy cut off so that nothing
can dream outward. The formation of horns, therefore, is connected with the entire
shape of the animal.... The cow has horns in order to direct back into itsdf the forces
that need to penetrate all the way to the digestive organism; much work is thus created
for the digedtive sysem just because of what radiates inward from horns and hooves
(1924).

The horn, then, is what closes off the surface of the cow's body! Its outer
layer is epidermis that, instead of growing hair, has thickened to form horny
layers. These layers of lifeless, secreted protein form a sheath-like covering
that surrounds the calcified bony core and is never shed. The dlightly twisted
core is permeated with blood and full of life; from its base it nourishes the
tissue that slowly and steadily forms the horn throughout the animal's life.
Anatomically, the hooves are formed in the same way and are also curved
inward. The horns and hooves obviously provide physical protection for the
animal when it is running or butting, but this is only their external
significance. They also take part in the inner activity of the organism. In this
capacity they act as a dam to intercept processes that stream outward from
inside the organism. Like a concave mirror, they reflect them back again. In
the rodents the upbuilding forces that stream out from the metabolic organs
are exhausted by the animal's intensive life of the senses; in the ruminants
these forces are held back, so that they may flow again into the digestive
organs. It is this process that helps to support the growth of bacteria in the
rumen. From medical science we know that infectious diseases are caused not
by bacteria or other microorganisms alone, but chiefly by the affected organ's
predisposition to infection, which alows it to serve as a medium for the
growth of bacteria and viruses. In the ruminant organization the flowing
back of unused forces provides in the rumen a medium for the development
of benign microorganisms.

Cattle need horns, then, in order to realize fully their special metabolic
capacities. At the same time, however, the horns are formed by the overflow
of this metabolic strength. So it is actually the intimate correlation of the two
processes that gives the horns form. The one force consists in the exaggerated
size and physical mass of the anterior body and the head; the front part of
the body is completely closed off and forms horns as the best means of
rendering the body's surface impenetrable. The other process is active mainly
in the large cavities of the stomach and intestine, in the flowing back of
unused metabolic forces that contribute to the extraordinary effort of
breaking down the almost indigestible cellulose. The former process is the
more physical and material, while the latter is the more physiologica and
living: the one forms the characteristic shape of the ruminant, while the other
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makes possble its chemica achievement. The two processes are mutually
dependent; each alows the other to take place.

In cellulose-digesting rodents the cecum takes on functions similar to those
performed by the cow's rumen. Here the specid medium for the growth of
microorganisms is created by a physical damming up and concentrating of
forces at the rear of the body. Thus in the rodents we find an extraordinary
variety of tail formations: hairless and scay in the long-tailed mice, almost
nonexistent in the hamsters, and long and bushy in the dormice and squirrels.
The ability to digest cdlulose is always accompanied by an increased
tendency to develop horny surfaces: thus the tail of the largest European
rodent, the beaver, has become a horny 'paddle’ covered with scaes. In the
males, more strongly developed than the females, these tails are broader and
shorter (Gaffrey). Its tail, like the cow's horns, actually enables the beaver to
utilize its principal food, the young bark of trees (particularly that of poplars
and willows). In the extremely metabolic porcupine the hair has even
hardened to form large, horny quills, particularly towards the back of the
body; some of its South American relatives (for example, the carpincho) have
thickened claws like tiny hooves, so that in older systems of classfication
they were often called the Subungulata.

In the enlarged cecum of many of these rodents, a very nourishing
substance, rich in vitamins, is formed through bacterial decomposition; these
animals actualy consume for the second time their own cecd excrement. The
food of these rodents, then, like that of the ruminants, is digested twice, but
with the important difference that it is not returned to the mouth from an
enlargement of the esophagus but from an enlargement of the colon. The
content of the cecum (cecotrophe) is excreted at certains times of day and
then taken in again as food. It is clearly digtinguished from other excrement,
which is not esten again. During the summer this vitamin-rich, fresh food is
so nutritious that only a smal part of it need be eaten. Cecotrophic
nourishment becomes vital during the winter, however. If these rodents are
prevented from esting it in winter, they are sdized with convulsons and die
(Mohr, 1958). The same holds true for the hares and rabbits—closely related
to the rodents—whose tails are certainly not accentuated, but who never-
theless emphasize the posterior body.

So the rodents, precisely because their orientation is polaric to that of the
ruminants, illustrate the connection between the ruminants' visible form and
the characteristics of their internal organs. The same processes that take place
a the posterior pole of the rodents body are found in the ruminant at the
body's anterior pole. Because the lion is metabolically oriented, it shows a
smilar tendency toward the over-production of keratin. In this case, how-
ever, both poles of the body are dightly accentuated, in the heavy mane
at the front of its body and a horny spike in the tassel of its tail.



The cattle give physical expresson to the importance of the nourishing,
life-giving, and regulating functions of digestion. It is this power of
metabolism that continually brings life on earth into being and sustains it.
Thus, an abundance of life and peace emanates from these animals. Each of
them protects and nurtures within itself an entire world. Secure in itsdf, the
cow is able to pass on this security to others. Ancient cultures actualy
experienced these qudlities in cattle and therefore worshiped them. For the
cattle represent the peak in a progression of ever more highly developed
animas. It is with real justification, therefore, that the cattle are placed
today at the very end of the system of animal classification. For the cow, as
a purely metabolic animal, so completely controls its dealings with matter
that it is able to give full expresson to its own being within the material
world. While rodents impress us as unfinished, somehow 'childish’ animals, the
ungulates, and particularly the bovids, seam to be 'adults.'

The actual shapes of the horns are as various as they are reveaing for our
study of form. Thompson, Ritter, and Poppelbaum (1949) have already
caled attention to the horn's archetypal form: in al bovine animas this
underlying form is an involuted spiral. This highly restrained, unramified,
tightly curved form makes clearly visible the damming processes at work
within it. All horns curve around an invisble axis. The shorter and more
tightly curved the horns, the more powerful are the damming processes that
give them form.

What kind of horns do domesticated cattle have? We can e that the bull's
horns (but not those of the ox, dnce it is castrated and therefore unnatural)
are more compact, that is, shorter and thicker, than those of the cow. His
head, too, seems broader and shorter than hers; his whole shape is larger and
at the same time more compact, with a greatly accentuated anterior body.
The cow is more dender, and her horns are long and thin! If we include the
form of the udder in our consideration of the body's shape, we can se that
the damming forces are weaker in the cow than in the bull. The bull holds
back for his self-expresson, for the development of his own bodily stature,
al the strength gathered by his powerful metabolism, while the cow passes it
on to others. She does not exist for hersdf aone but is open, for example, to
the requirements of the caf whom she first gives form within her own body
and later provides with milk.

We can trace this small difference further, into the various strains of cattle.
In Germany there is a dgnificant difference between the larger North
German lowland cattle, particularly the black and white Holsteins of
Friedand, and the somewhat smdler, brown or brown-spotted mountain
cattle of South Germany. The northern species have shorter horns than the
southern forms. In England we find the ‘shorthorn,” and the Aberdeen and
Angus cattle of Scotland; these, as well as the fjdl cattle of Scandinavia,
often have no horns at al. In Spain, Italy and Hungary, on the other hand,
we find races with very long horns. The most extreme development of this
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49. Above, Holstein cow of northern Germany; below, Bavarian mountain cow.
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50. Hornless fjdl cow of Iceland, above, and longhorned Watusi cow of East Africa 129
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feature can be sen in the widely projecting horns of the ancient
southern-most breed, the Watus cattle of the Uganda highlands in East
Africa

When we compare the extremes, the hornless Icelandic cattle and the
African Watusis, we find the former to be powerful and quite massve in
shape, with a strongly accentuated anterior body. The latter, however, are
remarkably small, thin-boned, and dender. Apart from their gigantic horns,
they even accentuate the hind quarters, which are a little higher than the rest
of the body! Thus, it is evident that the form of the body and the
development of the horns are correlated. The horns grow largest in animals
whose bodily form is least involved in the damming process, they are
smallest, and even disappear into the skin, when this itsdf, because of the
strong accentuation of the anterior body, is sufficient to perform the
damming function necessary for the animal. Werr (1930) gave the following
description of this relationship between horns and bodily shape:

It is a fact that races with strongly developed, rotund bodies have ether short hormns
or none & all, while in races with dender trunks and strongly developed limbs, we may
expect longer, heavier horns to develop.

In either case the bovine organization requires a holding back of metabolic
processes at the nerve-sense pole: in the one case this is brought about by the
anterior accentuation of the body's own shape; in the other, by the horns, so
that the two developments are complementary. The northern races use the
entire front part of the body for this purpose; they are the more 'bull-like
animals. The southern races, on the other hand, accentuate the horns; they are
the more 'cow-like." The former are better suited to providing mest, the
latter, milk. Without doubt the northern forms are the more metabolically
oriented.

These races of cattle have, of course, been domesticated by man. Still, the
basic characteristics we have pointed out are by no means the result of
artificial breeding alone. What possble interest could a cattle breeder have in
elongated horns? The original, basc form was shown only by the wild
aurochs, from which al domesticated cattle stem. This animal was completely
extinct, however, by the end of the seventeenth century®. Fortunately for our
study of form, the Spanish fighting bulls (Plate 135) and English park cattle
are dill quite similar in form to the aurochs. We have dso at our disposa
unearthed skeletons of genuine aurochs (Plate 134). In addition, a wealth of
material (cave paintings made during the later paleolithic period, pictures
made by the Babylonians, Assyrians, Egyptians, and Cretans, as well as the
most recent ones, painted during the Renaissance) has come down to us from
artists who actually saw these animals. The best likeness from the last period
of the aurochs exisgtence is a sketch made in 1525, probably in Poland
(Plate 133).



In studying these early pictures we find an animal very similar to modern
domesticated cattle. It was a rather large, powerful animal with surprisingly
dender, small-boned legs (Plate 134); its head was carried a little above the
back. The horns were large, but also thin and pointed; the bull was dark
brown, the cow and cdf, reddish-brown. The cow was still more dender and
dightly smaller than the bull. Julius Caesar remarked on the agility of these
cattle in the forest of Galliaz "Great is their power and great their speed;
they spare neither man nor beast when they see them."

The variations shown by the wild forms are not so great as those of the
domesticated races. Still, the same geographical motif we noticed in the
domegtic cattle is present in them. The Egyptian cattle, known from many
reliefs found in burial vaults and from mummies of the cattle themselves, had
a st of horns that pointed upward and was shaped like a lyre. Even the bull
was reddish-brown and thus rather 'cow-like' in its coloration. Relics found
in the North, on the other hand, show thick, tightly curved horns. These
cattle races were distributed over Europe, North Africa and Asia

Yet another large bovid once lived wild in the forests of Europe: the bison.
Its complete extinction, after two World Wars, has been prevented only with
great difficulty, but we may now consider it saved. Although the bison is
about the same sze and weight as the aurochs, the front of its body is
exaggerated even more strongly, and is draped with a dense mane from which the
thick, short, tightly curved horns barely protrude. At one time this anima was
distributed throughout the northern regions of Europe, Asia, and North
America. Of the four races till living at the turn of the century—the Euro-
pean lowland bison, the Caucasian mountain bison, the American plains
bison, and the Canadian wood bison—only the first and last have been
saved from extinction. Today we are fortunate to be able to see this
magnificent animal, which has never alowed itsdf to be tamed, in zoos and
reservations (Plate 136).

What is the relationship, then, between these two European wild cattle, the
bison and the aurochs? Zoologicaly they are considered to be the most highly
developed of the bovine animas and are so closdy related to one another
that they are classified as members of the same genus (Haltenorth, 1963). Yet
they certainly represent two different species, since the bison cannot cross-
breed successfully with descendants of the aurochs. How do their congtitutions
differ?

The adult bulls of both species are of about the same weight (over 2000
pounds or about 1000 kilograms), but their physical proportions are quite
dissimilar. The dorsal ridge of the aurochs is amost straight, while that of the
bison is considerably higher in front because of the animal's high withers. The
aurochs carries its head above the level of its back, while the bison's head is
always bowed down. The bison, because of its enormous withers, is somewhat
taller (about 6 1/2feet, or 2 meters) than the aurochs (about 6 feet, or 185
meters); the combined length of the aurochs head and body is a little longer
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(nearly 10 feet, or about 3.10 meters) than that of the former (not quite
9 1/2 feet, or about 3 meters). The aurochs form, then, is elongated, while
that of the bison, especidly in front, is more compact and taller. The
powerful damming processes and concentrated mass of the bison's anterior
body are further emphasized by a long beard, a mane covering only the front
of the body, and horns that are thicker, shorter, and more tightly curved than
those of the aurochs. Thus, al those characteristics we have come to
recognize in domesticated cattle as the basic features of metabolic dominance
are exaggerated in the bison. A comparison with the aurochs in its origina
wild form makes this contrast even more obvious. For not only is the aurochs
entire body elongated and without a ches mane, but even its limbs are more
delicate, light-footed and graceful; and its horns are much longer than those
of the bison, more pointed, and directed more sharply upward. So the
prototype of the metabolic animal is not the aurochs but the bison; and,
indeed, if we compare the four geographic races, we see that the highest
development is shown by the American plains bison. It is even more compact,
has a larger hump and heavier head than the European bison; its legs are
shorter, and its horns are thicker and more compressed, scarcely protruding
from its mane. These animals once lived in vast herds; on their far-ranging
migrations they wandered over the endless prairies, ceasdesdy grazing and
depositing their dung, thus fertilizing the earth, so that they might return to
the same place a year later and feed again in phlegmatic peacefulness. The
last surviving remnants of this group have intermingled with the better
protected Canadian wood bison; athough it is not quite so compact and
powerful as the plains bison, it gill shows greater evidence of the damming
process than the European races do.

The only author who has yet applied our method of observation to the
comparison of cattle and bison is Werr (1953). He traces a progression from
the gpecies most open to the world, the antelopes, through the goats, sheep,
and wild cattle of southern Asia, to its culmination in the domesticated
cattle; in this sequence, the bone formation of the head increases in size and
width and becomes more and more dominated by the horns. In addition, at
the back of the forehead and between the horns, the cattle develop an
enormous cret called the torus frontalis. Through this development the
parietal bones, immediately behind the frontal bones, are pushed further and
further back. The bison has no frontal ridge, so Werr has concluded that it is
not the bison but the aurochs and its domesticated descendants that have
developed the metabolic organization to its highest point.

We neverthdless maintain that the bison is the most powerfully metabolic
bovine animal; in the bison the damming of the anterior system, a process
that is necessary for a strong metabolism, is accomplished through the
accentuated form of the whole anterior body; thus large horns and the torus
frontalis have become unnecessary. It is aso dgnificant that the bison
enlarges the interparietal bone; unlike the frontal crest of the cattle, this ridge



51. Head and skull silhouettes of the springbuck gazelle and the cow. T torus
frontalis (130 X).

is already present at birth, and has reached its full relative size (Bogoljubsky).
In the bison, then, not only the frontal bones, but even the parietal bones,
located farther back in the cranium, take part in the damming process.
Though such structural details are minor, they give testimony to the powerful
metabolism of this animal. In the aurochs and its descendants the damming
process does not involve the entire bodily form to the extent that it does in
the bison; in the aurochs these processes are more narrowly confined to the
head, with its frontal ridge and horns. Its horns, therefore, must be longer
and larger than those of the bison. Between the bison and cattle we s¢ a
difference in form similar to that we have aready observed between the
northern and southern representatives of the domesticated cattle. The bison,
living primarily in the North, has a short-horned, compact organization,
while the aurochs, which lived chiefly in the South (Grzimek, 1968), had a
long-horned, dender form and was dightly more open to the world. Thus, the
bison and the aurochs show the differences we have found already between
mae and femade animas within the same species. The hison is the more
'masculine’ and bull-like, the aurochs, despite its size, the more ‘feminine’ and
cow-like.

This difference may aso explain why it was the aurochs and not the bison
that was suited for domestication. The bison (setting aside the differences
between male and femae), like the bull, lives primarily for itsdf. The
aurochs, on the other hand, did not allow its great metabolic strength to be
completely sdf-serving. And it is precisdy its feminine quality that has
made this animal so important for the development of human culture. The
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feminine nature of the cow lets it give to man what the bison's constitution
held back for its own unparalleled self-expression.

Between the contrasting aurochs and bison stands the yak. In earlier times
it had a wider distribution than it has today: it now lives only in Tibet,
where it can be found wild as well as tame. The wild bull is an enormous
animal and attains a weight and shoulder height equal to that of the aurochs
and bison. It has massve withers, but these do not rise so steeply above the
back as those of the bison do. Shaggy hair covers the entire body, especidly
aong the underside. The horns are rather long but are till tightly curved. It
is typical of the wild yak, however, that there is a marked difference between
the sexes. While the bull may weigh as much as 1800 pounds (or about
1000 kilograms), the femae's weight is only about 700 (350 kilograms); she is
therefore much smaller and thinner than the bull. The masculine traits
dominant in the bison and the feminine characteristics governing the aurochs
are both present in a pure form in the yak: the mde is unreservedly
masculine, the femde, purely feminine. Since both masculine and feminine
characteristics are egually well expressed within the single species, the yak
may be considered that bovid which owes its character to the formative
processes of the rhythmic system. In the domesticated yak, on the other hand,
there is scarcdy any difference between mae and femae animals. the made is
no larger than the female. Man, in domesticating this animal, has actualy
strengthened its cow-like qudlities.

The wild cattle of the tropics (such as the African short-horned and Cape
buffdoes, as well as the Asian water buffalo, the anoa, the gaur, banteng, and
couprey) will not be discussed here in detail. In the formation of the skull, all
these animals are less specidized than the three forms we have discussed.
These three forms thus give the best overall picture of the bovine animals and
their threefold relationship.

=
"o ]

Aurochs Y ak ~ Bison

Closdly related to the cattle are the sheep and goats, which also have horns
and belong to the same family (the Bovidae). The European wild forms of
this group are the mouflon and ibex. From ancient times domesticated forms
have accompanied man and served him. Since they are so closdy related to
one another, it is dso instructive to compare their differences.

The sight of a herd of sheegp awakens some of man's deepest fedlings. In
their harmonious activity, peaceful herd instinct, diligent grazing, and
never-ending contentment, the sheep spesk eadily to the fedings of man. Their
wool is soft, warm, rich in fat, and comfortable to wear. Their needs are few.



52. The wild yak of northern Tibet (/30 X).
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Rain and cold, drought and heat, poor food and lack of shelter are al
endured with equanimity. In the summer they move through forests and
meadows; in the fall, across the stubble of harvested fields, and only in
winter must they return to the stable. In places so barren that neither cattle
nor goats, horses nor donkeys can find nourishment, the land ill furnishes
enough food for the sheep.

The ideal conditions for goats are found in the mountains, on steep apine
meadows with many rocks to climb. Each animal goes its own way, relishing
a carefully sdected ledf, or reaching high into the bushes to browse. The
dwarf goat of Morocco even climbs into the branches of trees in order to
reach the foliage (Plate 137). A long, dender neck, protruding eyes, fore-
quarters more dender than those of sheep, but stronger hind legs, a large,
heavy udder; a pointed little tail; and sharp hooves are all visble indications
of this animal's sense-active nature. Unlike the sheep, domesticated goats take
cold easily when exposed to rain, require shelter at night, and give sufficient
milk only when adequate food is provided.

Even in the tones of their voices we can perceive the differences between
these animals. Compare the soft ‘'maa’ of a sheep with the restless bleating of
a goat. The sheep's voice is certainly the more soothing of the two.

The goat is the more sense oriented animal, while the sheep has given itsdf
over more completely to its metabolism. The goats serve primarily as milk
providers, the sheep, as a source of meat and wool. The goats, then, in the
sene described above, are more like cattle, while the sheep are more like
bison. These contrasts, of course, have been greatly exaggerated in the
domedticated breeds; nevertheless, such an exaggeration would have been
impossible had the wild forms not aready possessed these opposing
characteristics.

The wild goats of Europe are the ibexes. Since these animals live high in
the mountains, they have no single, unified area of distribution, but live in
the separate mountain ranges of Europe, Asa and northeast Africa The
goats of each mountain area have their own distinctive horn formations. The
Pyrenees ibex, the Alpine ibex, and the bezoar goat of the Greek idands show
great differences in horn formation. Yet the total of about twenty wild goat
forms represents only one species (Kesper). These different types are geographic
races and can interbreed without loss of fertility. Indicative of the species are
the beard at the tip of the chin, the glands under the buck's tail, and the
‘open’ bone structure of the face (the ethmoidal notch between lachrymal and
nasal bones does not ossify).

Of particular interest to us are the horns. They grow straight up from
frontal bones that are not particularly enlarged. Their forms are
extraordinarily variable: smooth or knotted, turned inward or outward,

53. Left, bezoar goat of Crete, right, Alpine ibex with mae (lying down), below,

domedicated  godt  (ech 115 X).
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mouflon

sharp-edged or rounded, tightly twisted or hardly curved at all. Yet al wild
forms have certain features in common: the horns are relatively upright, they
are never tightly involuted to form a spiral, and never directed towards the
sides. The tips of the horns are not widely separated. Although some of the
extreme races of domesticated goats no longer adhere to this basic form
(Herre and Rohrs), the following characteristic is definitive for both wild
and domesticated forms: at the horn's base, it is the inner anterior edge that
projects forward farthest, often forming a sharp, regular ridge (the
fronto-nuchal ridge) that provides a sharp butting surface. (Plate 55 shows a
cross-section of the horn bases of the Alpine ibex.) Even the tur (the East
Caucasian ibex), which, with its rounded, broadly compact horns, deviates
furthest from the norm, has horns whose anterior edges curve inward—We
mention this small detail because it forms a characteristic motif of the goat's
horn.

The wild sheep are certainly no lowland dwellers, but, unlike the goats,
they do prefer the dlightly lower mountain plateaus to the highest peaks. The
goats love mountain ridges; the wild sheep, alpine pastures. In the sheep, too,
there is a digtinctive horn formation for each mountain area. There are
approximately thirty geographic variations and these all belong to one species
(Herre and Ro6hrs) ranging from Asia to the American Northwest (the
bighorn sheep). Europe has only one wild sheep, the mouflon (Plate 138).
Until the Neolithic Age it was widely distributed (Herre and Kesper) but
later disappeared from Europe, except for small remnants in the mountains of
Sardinia and Corsica. Since the second half of the last century it has been
successfully reintroduced as a game animal north of the Alps.

This European wild race, however, is certainly nothing more than a stunted
western form; in the center of this species area of distribution, the high moun-
tains of central Asia, the fully developed, original form still lives. In the thir-
teenth century, Marco Polo was the first Westerner to see this large wild sheep.
The Marco Polo sheep, named after him, is a mighty animal; with a shoulder
height of about 4 feet (or 1.20 meters), it is amost as tall as a stag. It lives at
an elevation of about 20,000 feet (6000 meters). A dense mane covers its neck
and chest; its whole body is powerful, compact, and equipped with
'mountain-trained’ muscles. The full-grown ram has enormous horns;
growing in tight spirals out toward the sides, these three-edged horns are
covered with narrow bulges. Each of them, measured along its edge, can
attain a length of about 5 feet (1.5 meters). Unlike the cow's horns they rise
straight up from a frontal bone that is not particularly enlarged; yet their
bases have become so broad (with a circumference of about 20 inches, or 50
centimeters) that the two horns touch, covering the forehead amost
completely. Their anterior face is so broad that no fronto-nucha ridge can

54. The Marco Polo sheep above, is dmog as large as the red deer (1/20 X), while the
below, is  much  smaler v  X).
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develop. Instead, the bases are sometimes pulled outward to form a
fronto-orbital ridge. The sheep's horns, unlike those of the goats, are not
oriented towards the front, but spread out towards the sides. Nor are they
directed so sharply upward as those of the goats, but curve back and encircle
the ears, in a gesture of quiet power (Plate 138).

To the North as well (at the headwaters of the Ob and Yeness Rivers),
and to the East as far as North America, this typical horn formation is shown
by al wild sheep. Towards the South and West, the horns become less
spectacular, so that those of the wild races of southern Persia, Armenia and
Cyprus are smadler and less tightly curved. The Mediterranean mouflon is
such a smal form, but in comparison with the goats, even this very smdl
sheep ill has the more powerful metabolic organization. This metabolic
power is indicated in the structure of the sheep's skull, which shows, even in
the smdlest races, a greater ossfication than that of the goat; for al sheep
lack the goat's open ethmoidal notch in front of the eye sockets.

Closdly related to the sheep and goats are the chamois and musk oxen. As
the name indicates, the musk oxen resemble small cattle in appearance; yet
they are more closdy related to the sheep and goats than to the cattle
themselves. They are now restricted to the subpolar regions of North America
and Greenland, though during the Ice Age they were found also in northern
and even central Europe. As the climate changed, they followed the melting
ice as it retreated northward. Because these animals overheat easily, they need
the snowstorms and freezing temperatures of the polar North in order to

55. Horn besss of the Alpine ibex and the wild sheep (eech 1/3 X).



56. Muskox, of Greenland (1/15 X).

survive. Thus northern Europe, warmed by the Gulf Stream, has become too
hot for them and they have died out there. During this century, however,
they have been successfully reestablished in Spitzbergen and the Dovre Fjdll
of Norway, where they have become feral. Here, tranquil and imperturbable,
these gtolid animals move through the barren, sparsely covered, rocky fieds
in which they live. "Nothing ssems capable of destroying their composure or
inducing them to quick movement" (Pedersen, 1964). When winter
snowstorms rage for weeks at a time over the arctic landscape, the musk oxen
gather in small groups and wait motionless until the storm has passed; then
they begin once again patiently to scrape out of the snow the frozen plants
that form their only nourishment—and this during five months of complete
darkness!

This ability to survive in an environment so inimical to life presupposes a
strong metabolism. The animal's overall form—with a coat nearly three feet
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(one meter) in length, an additional mane in front, high withers and a broad
head—is an expression of this strong metabolism. The musk ox is far more
metabolic in orientation than the sheep. An appropriate name for it might
even be 'sheep ox.' (In any case the term 'musk ox' is mideading, since this
animal has no musk glands.)

The consgtitution of this animal is aso expressed in the shape of its horns.
In young musk oxen, as in young cattle, the horns begin to grow out
diagonally from the sdes of the frontal bone and are at first conical in shape;
then, as their growth continues, they begin to form a spiral. Later, however,
an additional process sats in: the inner, bony core of the horn gradually
dissolves in the vicinity of the base and is eventually rebuilt to form flattened
bulges. Out of the horn's base, which is narrow at first, a broad plate
gradually develops. During this process the two horn bases increase in Sze to
such an extent that they meet at the center of the forehead to form an single,
broad-surfaced frontal plate: a truly impenetrable damming organ that holds
back the animal's inner life forces, while its outer surface is so strong that it
can withstand even rifle shots. The horn's bony core, then, has by no means
simply hardened to form immutable bone; on the contrary, it is permeated
with powerful vital forces and can both tear itsdf down and build itsdf up
anew. In mogt horned animals this transformation of the central core
proceeds quite uniformly, so that regular spirds ae formed. This
development of a broadened form in the musk ox is therefore quite
significant; the frontal bone, the genuinely metabolic component of all head
processes, is especialy dlive in this animal. Thompson describes the contrast
between the living bone and the horny sheath that surrounds it:

All these characterigtics illustrate the cardinal difference between the growth of the
horn and that of the bone below: the one is dead, the other alive; the one adding and
retaining its successve increments, and the other mobile, plastic, and in continua flux
throughout.

Further confirmation of the musk ox's metabolic orientation is found in its
overall form and coloration, for the musk ox may attain a height of about
51/2feet (or 165 meters) a the shoulder and is taller than even the largest of
the wild sheep. Its overall coloring is a fairly uniform brown or dark brown.
Its legs, muzzle, a diagonal stripe behind its horns, and the 'saddle’ of its
center back are al of a whitish color.

Polarically opposite the musk ox is the sense oriented chamois, whose life
habits are even more extreme than those of the goats. This animal chooses the
highest of the mountain pesks from Spain to the Caucasus and esstern
Turkey. Western forms tend to be rather dender, while the eastern ones are
dightly heavier. On the average they al remain somewhat smaler than the
wild goats and have neither mane nor beard; instead the hair growing aong
the spine can be raised to form the so-caled ‘chamois beard." Consistent with
this anima's sense-active nature is its overall form, which is both dender and
muscular. In addition, its dorsa coloring is blackish-brown in winter and



57. Chamois, in the Alps (1/15 X).

yellowish-brown in summer; the underside is always white. Its head has a
conspicuous black and white pattern strikingly reminiscent of the badger's.
Particularly significant, however, are the horns of the chamois. These grow
up vertically from the forehead and then, remaining paralel, they turn back
to form the beginnings of spirals. Soon, however, the underlying bone ceases
to grow thick and eventually becomes so thin that al trace of curvature
disappears. The horns then stand absolutely perpendicular to the surface of
the forehead and project forward. Just as the initial curvature of the horns
indicates this animal's relationship with the shegp and goats, their subsequent
elongation and straightening point to the secondary preponderance of the
sene sysem. Predictably, it is the femade that has the longer and more
dender horns (see page 127 and Plate 26).
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= 58. The annual growth of the horn in an 18-year-
| old chamois (/36 X after Couturier and Bour-
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We may therefore establish the following order among the group of sheep
and goats:

Sheep, Goats and Related
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The sheep and goats form a connective link between the chamois and the
musk ox. Even their appearance seems more harmonious than that of the
animals at the poles. This centrality is expressed in many characteristics, but
particularly in the formation of the horns. While the basic spiral form is
modified in the chamois through a secondary stretching, and in the musk ox
through a thickening of the horn's base, both of these modifications alternate
rhythmically in the horns of sheep and goats, for a successon of knots and
bulges forms along each horn's spiral. Mohr (1958) describes this progression

in the ibex:
The newly formed knots announce themsdves by a sweling of the forehead skin a
the base of the horn. After the knot has emerged, the forehead sweling subsides until
the next knot pushes up.
In the ibex these knots are located aong the front edge of the horn. In
the sheep the same process takes place, but it results in smoother swellings
around the entire circumference of the horn (Plate 138).

The central character of the goats and sheep is adso expressed in a motif we
have aready encountered in the wild yak among the cattle: the marked
difference in shape between male and femae animals. In the wild goats as



well as sheep, the female is not only significantly smaller than the male, and
has a bodily form that accentuates the forequarters less than his does, but she
aso has very short horns (which are actually much better weapons than his).
In many wild and some domesticated races of sheep, the femdes have no
horns a all. In both the chamois and musk ox, however, any differences
between male and femae horn formation and overal shape are really very
dight. The chevrotains, which in the last chapter were designated as the
central family of the ruminants, again show marked differences between mae
and femade Neither sx shows head processes, but the males have large
canines that extend far out of the mouth.

The bovine animals, then, and particularly the bison, demonstrate the
highest degree of metabolic dominance. Goats, sheep, and their closest
relatives develop a restrained, central form of organization within the bovine
group. The receptive, sense-active dde of this family is represented by the
antelopes, which show an extraordinary diversity of form; there are today
only 9 species of cattle, 13 species of goats and sheep, but 74 species of
antelopes. While the cattle, who hold in check their metabolic forces, dso
hold back the number of their species, the antelopes are unrestrained in their
ability to divide into different forms. No antelope ever attains the
organizational complexity of the single cow, but the group as a whole is
therefore free to create, in adaptation to different environments, an
extraordinary variety of species. This variety is itsdf an indication of their
openness to the environment. What cattle turn to the formation of a few
powerful species is used by the antelopes for the development of many
different forms. The mediating group of sheep and goats dso forms few
species, but not so few as the cattle. Instead, as we have seen, each ecies
has divided into several geographical races, capable of cross-breeding. At the
same time, however, they have differentiated into forms with such diverse
outward characteristics that it was long considered correct to designate each
of these forms as a species.

It is only in the antelopes that these processes of differentiation have given
rise to completely separate species. From the ox-like eland, with its heavy
forequarters, to the smalest ungulate in existence, the hare-sized Bates
antelope, which reaches a height of only about 10 inches (25 centimeters), the
size done shows great variation. A few species are distributed over the Near
East and India, but most live in Africa. Significantly, there are no sheep,
goats, or even deer living south of the Sahara. From the multitude of
antelope species, other forms arise to substitute for these missing animals, both
resembling them in bodily form and occupying their position within the
faunal balance of the area. (The kudu and its closest relatives substitute in
this way for the deer family.) We cannot here discuss the antelopes in
further detail, so a first, rather tentative survey of the horned animals, as
seen from a threefold point of view, must suffice®™:
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In closing, we touch upon one final motif, the threefold structure of the
dentition. The lower incisors of metabolically oriented species are al of equal
breadth, so that even the lateral incisors are well formed. In the antelopes
and even in the European chamois, the lateral incisors are quite small in
comparison with the dominating front-most pair. The sheep and goats show a
central condition.

59. Left to right, the formation of the frontal teeth in the lower jaws of the impala,
goat, and bison (after Sokolov).
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VIl The Antlered Animals

The deer, like the horned animals, are ruminants, but of a very different
kind. For no antler-bearing animals, not even the semi-domesticated reindeer
of the North, have ever been completely tamed. A deer belongs in the
wilderness. It lives in vast connected forests, whether on windy mountain
pesks or in humid lowlands. Shyly and in secret, the herds move through the
forests, for wild animas have learned to fear man. Because he has brought
nearly to extinction al the great carnivores—such as the bear, wolf and
lynx—man, through sdlective shooting, must himsdf maintain a precarious
biological equilibrium among the animals that remain. This shyness and fear,
then, are not a part of the deer's rea nature. Where it is not threatened by
man, it is a daylight animal and moves in great beauty, free and unrestrained
in the bright sunlight.

Even in today's amost cultivated forests it is a wonderful experience to
meet with a wild stag. Unexpectedly large and powerful (Plate 140), this
animal is nevertheless dender and long-limbed. The doe, who lacks antlers,
makes an degant, if less striking impression. The male, the real 'stag,' is all
sf-expression. With head held high, he gallops through the herd, the points
of his antlers flashing in the sunlight (Plate 139). The antlers tower high
above the rest of the body, thus accentuating its anterior pole. As research in
animal behavior has shown, the antlers serve primarily to intimidate other
members of the species, especidly during the rutting season. Two rival bucks
generaly settle a dispute by bluffing rather than fighting; they use their
antlers as weapons rather infrequently.

There are severa different explanations of the antlers' significance, and each
is certainly valid in its own way:

1. The antlers are weapons.

2. The antlers are sgnals meant to intimidate.

3. The antlers are outlets for metabolic surpluses.
The third explanation traces the influence that metabolic processes have on
the antlers (see Schrammen, 1930). The first regards them smply as tools
directed towards a specific purpose, while the second interpretation begins at
least to take into account the significance of the antlers' form as such. Even
this second explanation is incomplete, however, snce the antlers are not
simply signals ‘addressed’ to other members of the same species; they express
something quite specific about the stag's own nature.
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Men familiar with the deer have long revered it, attributing to its antlers a
unique significance. In Europe, where the hunting tradition is very old, any
forester is proud to have a stag in his domain; to him the stag is the living
symbol of the forest and of his own calling. Surrounding the hunter and the
stag, a whole mythos has grown up, with its own language and customs.
Though many hunt only for adventure, and some, taking the place of the
bear and lynx, may even fed a kind of hunting lust, there must be something
more to this fascination the deer holds for hunters. In hunting journals, for
example, writers make constant reference to the 'noble stag—his maesty,
his beauty. But such a romantic view can only blind us to the deer's reality.
What is this animal, really?

When we see a deer standing next to a cow, we perceive at once how little
the former is burdened with bulk and heaviness. It ssems much more sensitive
than the cow, far more awake to its surroundings. Though aso a ruminant,
the deer is not so completely dominated by its metabolism as the cow. Steiner
(1924) found the sense-active nature of this animal to be deeply connected
with its antlers: just as in cattle the impenetrable layers of horn hold back
within the organism its powers of digestion, so the deer's antlers, even in their
external form, are vents through which excessve metabolic capacities can
flow out of the organism, thus freeing the animal to become more sensitive
and graceful in form.

How do the antlers develop to perform this function? Like the horns of
cattle, they begin as bony structures on the frontal bone and are covered with
skin. The upper layer of skin, however, does not thicken to form plates of
horn but remains alive; covered with fur, it continues to grow aong with the
bone. This living skin, or velvet, clings tightly to the antler as it grows. The
damming process so essential to the horned animals does not occur in the
deer; so the antlers need not be constrained by horny sheaths or bent into
tight spiral formations. On the contrary, they branch out! The centrifuga
direction of the hair's growth is typical of the antlers.

The antlers are quite sensitive as they grow, since no horny sheaths protect
them. The deer therefore avoids touching anything with its antlers so long as
they are covered with velvet. Large blood vesss lie within the velvet; and
the skin covering the knobs is hot and stretched taut, as in an acute
inflammatory condition, while the dark blood flowing underneath it makes
the knobs appear black. Not a dead, horny sheath, then, but the free activity
of living blood gives shape to the antlers. Rhumbler (1911) demonstrated that
it is the path taken by the branching blood vesss that determines the
branched form of the antlers.

The contrast between horns and antlers extends also to their rate of
growth, for the horn grows dowly larger at its base, while the antler grows
out quickly from its knobby points. About an inch and a half (4 centimeters)
a each tip remains soft and pliable; only below this point does ossification set
in, bringing the process of growth to an end. Only in the reindeer can tines



that have aready osdsfied still form additional outgrowths, so long as they
are covered with velvet (Bubenik). In the cow's horn the underlying bone,
which grows slowly and rebuilds itsef continuously, remains alive throughout
the animal's life. In the hastily grown antlers, however, ossification is quick
and final. The antlers of the red deer develop in approximately 150 days,
during the spring and early summer. This mighty formative activity is
followed by a complete withdrawal of life forces. Over the now lifeless bone
the blood within the velvet coagulates, and the velvet, while still moist, is
rubbed off in tatters on shrubs and trees. The light-colored, bony tines are
dyed dark brown by the tannin and resins in the tree bark. (In treeless moors
and on the northern tundra the antlers remain light in color.) Eventualy,
through use, the points are scraped white again.

Now the antlers are complete. Two naked bones rise up from within the
animal and reach out into space, increasing their own surface area by their
branching. How different they are from horns! The latter sed off the body's
inner forces within its surface, while through the antlers the body's inner
forces are thrust outward. The antlers create openings through which the
animal can egtablish its specia connection with the outside world. And this
process allows the antlers to grow rigid and die, for within the body no bone
can die while the animal remains alive. The antlers are worn by the deer
during fal and winter; and when the sap begins to rise again, at the melting
of the snow and not before, the living bases of the antlers, the roots, become
active once again. They dissolve the bony substance above them and loosen
the intermediate layer, freeing themselves of the dead structure. Thus the
antlers are shed (Plate 142). A scab forms where they have broken off and is
soon replaced with regenerated skin; there, after a pause, new antlers will
begin to grow. This cycle is repeated each year.

The horns, in their unbranching simplicity, are never transformed in this
way. They are never shed, and their growth is therefore evenly sustained,
though it becomes dower as the horn thickens. At most, each pregnancy of a
cow imprints a ring of weakened horn formation, so that the number of her
pregnancies may be counted from her horns. In al other respects, the horn's
growth is scarcely influenced by the cycle of the seasons. There is only one
horned animal that actually sheds and re-forms its horny sheaths each year:
the pronghorn antelope of North America. Yet this is aso the only animal
whose horns are forked! The horn's sheath, penetrated thoughout with long
hairs that connect it with the bony core, branches out to form forked prongs.
Here again the exception proves the rule, for in this case the spatial shape
itself and the way it changes through time are correlated. In other words, this
animal's horns are not only shaped very much like antlers, but behave like
them.

These different characteristics of deer and cattle, so beautifully taken up by
the different head processes and expressed either in branching antlers or in
spiral horns, show that the deer is the animal more open to the world and
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more active in its senses, while the cow is occupied with its inner processes
and has the stronger metabolism. This evaluation has been worked out in
detail by Werr (1930), Ritter (1935), and Poppelbaum (1949).

But we may carry the findings of these researchers a step further, by asking
whether the antlered animals are, in fact, fully polaric to the horned animals,
or whether they owe their special character to whatever equalizing, rhythmic
processss have been active in the evolution of the ruminants. This question
was first raised for me when | discovered that the upper canines, which are
absent in most ruminants, are always present in the red deer. They are smal
and stunted, and in comparison with the other teeth, virtually without
function. Yet they are present and thus point to the workings of the rhythmic
proceses. If we trace this phenomenon further we even find in some
non-European deer large upper canines up to 4 inches (or about 10
centimeters) in length, which, like those of the water chevrotain, extend far
down out of the mouth. Here, the canines are clearly more strongly
accentuated than the molars! At the same time, of course, the crescent-shaped
folds on the molars (e page 106) and the complete absence of upper
incisors gtill mark these animals as ruminants. These animals, the tufted deer,
muntjak, Chinese water deer, and musk deer, have only small antlers or none
at al. Vediges of upper canines similar to those of the red deer are il
possessed by a significant number of other deer with fully developed antlers;
auch isthe cae in nearly al Asian species.

The coloration of the deer is another indication that they might be central,
rather than metabolic, animals. The European roe and red deer have
reddish-brown coats that turn grey-brown in winter; the undersides lighten,
epecialy in the roe deer, to white. We find, therefore, not the uniformly
dark brown coloring of the fully metabolic animals, but an amost
'sense-active' coloration. During the first month of life, however, the fawns of
both the roe and red deer show another coloration, which we have not yet
discussed: aong the dorsal dde their coats are strewn with light flecks,
arranged in long rows (Plate 144). What is the meaning of this specid
coloration of the young? The answer to this question will lead us closer to an
understanding of the deer's specid character.

The young of amost all deer are spotted, as are the adults of many species,
for example, the falow deer, the Indian axis deer, the Eld's deer of
Indo-China, the sambar of the Philippines, and, in summer, the Asian sika,
barasingha, and hog deer, as well as certain races of musk deer. Even the
European red deer, in the Atlas Mountains and near the Caspian Sea, remain
spotted as adults. And in the Carpathian Mountains and the Balkans, as well,
many stags with pale spots have been found (Dyk).

This spotted coloration is deeply connected with the basic organization of
the deer and is recognized as one of their characteristic features. Most

is sotted even & an adult (V13 X).
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biologists, however, have been content to regard this coloration merdy as
camouflage that alows the helpless favn to blend in with the dappled
shadows of the forest leaves. They go on to explain that natural selection
favored those animals in which random mutation first produced these spotted
coats. But it remains unclear why the young of other forest ungulates, such as
the Adan rhinoceros, the peccaries of South America, and the European ek,
are unspotted. Many have ascribed such exceptions to the ‘evolutionary
accident' in which the mutation in question did not happen to occur. And
this explanation generally lays to rest al further questioning, since it cannot
be proved or disproved.

At the same time, however, this explanation shows how the theory of
natural sdection, in its wholesade application, can be mideading. For if we
stop here, we cannot go on to discover the important relationship that exists
between this spotted coloration and the basic constitution of the deer. This
pattern of longitudinal spots aso occurs in the young of other ungulate
groups but is not evidence of any close relationship among them. Specificaly,
this coloration appears among the odd-toed ungulates in the tapirs (Plate 37),
and among the bunodonts in the swine (Plate 126)*. If we add the
chevrotains, which remain spotted even as adults (Plate 42), the following
distribution of species with spotted coloration results:

Ungulates
# % '-.\_\_\_-\.
’ i g
Perissodactyls™ Bunodonts Selenodonts
h'-- ‘ ."I. .;-r.' ‘.‘_,-" :_ 'l\""x.,*
Horses  Tapirs Rhinoceroses \ Camels Chewrotains  Bearers of
k | Frontal Processes
Peccaries Swine Hippopotami
ot

N
Antlered Horned
Animals  Animds

A threefold interpretation shows that this spotted coloration is a definite
motif of the rhythmic, central organization. Its occurrence, then, is by no
means accidental but is quite definitely ordered. Where does this spotted
pattern occur in other mammas? As we might expect, it is found in rich
variety among the carnivores. Classic examples are the jaguar (Plate 81),
leopard (Plate 157), cheetah (Plate 80), snow leopard, ocelot (Plate 158),
serval, clouded leopard, Pardel lynx, spotted hyena (Plate 14), the young
of the lion (Plate 105) and puma, and even the harbor sed (Plate 9), leopard



61. The thirteen-lined ground squirrel of North America is both spotted and striped
(V2 X ; after Burt).

sedl, ringed and hooded seds (Plate 10), and some others, as well as some
whales. In the cat family, the most central group of rhythmic, central
mammals, this spotted coloration is, as it were, at home. But we aso find it,
if rather sporadically, even among the central rodents, such as the chipmunks,
the spotted sudik, and the thirteen-lined ground squirrel.

Here again we find a relationship dictated by internal necessity. The
sense-active animals typically have light brown upper sdes and white
undersides, while the metabolically oriented animals typically have a
uniformly dark coloring. Between these two stand the actively mediating
forms. Thee show neither a smple divison between light and dark or
complete unity of coloring but a rhythmic alternation between light and
dark. Such a spotted pattern is entirely congruous with the carnivore's
harmonious form®. All colorations, then, are representative of the particular
animal's total organization. The classic representatives of each group thus
present an archetypal picture, both of internal organization and outward
coloration and form.

Harvest Mouse Leopard Bison
(Rodent) (Carnivore) (Ungulate)

Turning once again to the deer, we find that the spotted coloration of the
young, like the presence of canines, supports our contention that the deer,
too, are animals formed by the rhythmic processes. In them the ruminant
ungulate type attains a certain harmony and avoids overemphasis of
metabolic processes. And in this harmony lies the beauty of the deer's nature.

Neither is a certain 'carnivorous' influence to be denied in these animals. A
rutting stag, particularly the roebuck, which occasionally attacks even man, is
extremely aggressive. The deer are among the most dangerous animals found
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in zoos. They cause more accidents than the carnivores (though admittedly in
part because their keepers underestimate them). Unexpected attacks sometimes
occur, in which a keeper may be wounded by an animal's antlers. The roe
deer are sddom grouped as families in zoos, because in such close quarters, the
bucks fight among themsalves, often doing injury even to the does.

Walking through a forest a evening, just as darkness is falling, one
sometimes hears an angry, penetrating bellow. Many an evening walker
takes this sound for the barking of a large dog. But it is the roe deer giving
voice to its displeasure at being disturbed. Both bucks and does 'raise the
alarm' in this way. The European red and falow deer aso bark in warning,
as do many other, non-European species, such as the wapiti cow. (Both the
doe's cal to her young and the stag's rutting cal sound quite different from
this) This bark of warning, or more accurately, of annoyance, has a definite
‘carnivorous' quality.

There are great variations among the antler forms of the different species,
and these are closdly related to the workings of the rhythmic processes. In
order to understand this relationship we must consider once again some of the
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63. Rddive szes of the canines and antlers of the mde @ musk deer, b) Chinee
water deer, ©) tufted dear, d) muntjac, €) hog deer, f) red desr, g) moose

primitive South and East Asian deer, which do not have antlers but have
instead remarkably long canines. These teeth (in the musk deer and the
Chinese water deer) can even be moved voluntarily, through the action of
muscles. In the tufted deer there appear tiny, primitive, unbranched antlers
that remain hidden beneath a tuft of long hair on the forehead; yet the
canines are already noticeably shorter than those of deer without antlers.

At the other extreme we find deer with fully developed antlers and canines
that have degenerated to tiny stumps. Those species with an antler formation
s0 massive that it tends toward a pamated form lose even these vestigia
canines; in the Eurasian reindeer the last vedtiges of canines are hidden
beneath the skin of the gums; in the Alaskan caribou, the fallow deer, moose,
and the extinct Megaceros, even these are absent. The smaller the canines, the
larger the antlers (Roger). The less the rhythmic, carnivorous processes are
diverted to the formation of teeth, the more they can be turned to the
development of antlers.

This transition from the primitive to the fully developed deer is made
vishle in the muntjac of Southeast Asia. Since it is a mediating form, the
central, rhythmic processes predominate in it. It barks so much like a dog
that its common name in German is the 'barking deer' (Belhirsch). In
captivity this animal has eating habits that have never been observed in it in
the wild state: it greedily devours—as incredible as this ssems in a ruminant
—all kinds of meat, both raw and cooked. (Even the red deer always eats its
own discarded velvet and thus for a short time also becomes 'carnivorous.’)
The mde muntjac has fully developed upper canines that extend down from
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the mouth and attain the extraordinary length of about 4 inches (10 centi-
meters). At the same time he has the most basic branched antler form:
smal, forked antlers. Most remarkable, and for our purposes most im-
portant, are the roots that connect the surface of the skull with the antlers
themsdlves, for these are unusually long in this animal. They begin as a pair
of bony ridges far forward on the skull, at the very base of the canines, and
from there they grow up aong the entire bone structure of the face until they
finaly reach the antlers. Because of this feature the muntjac is often called
the ‘'rib-faced deer.

This animal offers concrete evidence for our hypothesis that the canines
and antlers are connected: The formative processes of the antlers originate
in the region of the canines. For the roots form the aveolar ridge, in
which the canines are set, and at the same time nourish the antlers’ growth.
In the more primitive deer the processes that normally give form to the
antlers ill produce canines. In the more highly developed species, with
their more dominant metabolism, these processes withdraw to the rear of the
frontal bone, where they appear in the formation of antlers. In the muntjac,
then, both canines and antlers are present, and both are much smaller than the
roots that connect them. We see from this example that the antlers are formed
by processes the metabolism has taken over from the formation of canines. In
the central ungulates, the swine, the canines themsaves may even become
‘antlers," as they do in the babirusa of Celebes (se Plates 161 and 162).

The Indian hog deer has roots that still extend as far as the ridge of the
eye socket but are no longer connected with the canines themselves. The latter
have degenerated into small stumps, while the antlers are six-pointed, and the
roots have shrunk to a sze that is normal for most deer species. Thus the hog
deer forms a transition between the muntjac and the more highly developed
deer. Yet even in this animal the frontal bone is itsef able to develop antlers
out of its own porous, internal structure (the diploé), if the root has been
forcibly broken off (Bubenik and Pavlansky).

Antlers, like a cow's horns, are outgrowths of the frontal bones. Therefore,
unlike the outgrowths of the rhinoceros or the wart hog, they grow up
from the back of the head, in accordance with the animal's ruminant
congtitution (see Chapter VI). As we have seen, however, their form, unlike
that of a cow's horns, is not compressed into a spiral; instead, it branches
out. Although it is certainly true that the deer's sense-active contact with the
outside world is visibly expressed in this branched shape, this expresson is
nevertheless only one aspect of the antlers form. For the antlers do not
smply branch out in al directions: the points not only project out and away
from one another, but they aso turn back towards one another. They
aternately branch out and turn in, expand and come together. At first the
antlers divide; then, near the top, they begin to come together again. Thus
they enclose a spherica space, aong whose circumference the antler tines
curve (Plate 141).



64. Muntjac, in the jungles of Southeast Asia (1/10 X).
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This basic form of the antlers is described by Thompson, who has studied
the geometric forms of nature (se also Poppelbaum, 1949). According to
Thompson the antlers are to be visualized not so much as axial sems (or
beams) giving off branches (or tines), as part of an outspread, spherical
surface. It is this spherical shape that leads to the formation of tines and, in
ome gpecies, even of palmations. But even in the case of unpalmated, beamed
antlers it is helpful to picture the velvet as part of a spherica surface that
contains the blood vessds dong whose paths the bone develops. After the
velvet has died the antlers remain, as visble remnants of this spherical
surface. Thus we spesk of the 'cup of the antlers.' If we tried to mold a pair
of antlers out of clay our first attempt would probably be rather
disappointing. However, if we then took an orange and molded the clay
around its spherical curves, we would come much closer to a natural looking
antler form. For the ends of an antler cannot reach into the sphere or extend
out from it (Thompson).

This is the principle underlying the form of al deer's antlers, including the
red deer's. This gpecies is distributed from the Atlas Mountains in North
Africa, over Europe and Asia, and even into North America. Its form is
different on each continent, and has subdivided into several geographical
races. The European form is certainly not typical. For its antlers, once they
have developed ten points, largely abandon this spherical basic form. At the
ends of its antler beams, it forms the ‘crown,” so highly prized by European
hunters that it has made them blind to the norma antler shape. The red deer
of Asia (the marals and hanguls) and of North America (the 'elk,' or wapiti)
generaly have antlers without crowns. The basic antler form is, as we shal
demonstrate, that which evenly encircles a spherical space above the head.

It is this balanced, spherical form that makes the red deer's antlers among
the mogt beautiful of the entire deer family. They are not directed so much
towards the front as those of the American Virginia deer, nor so far back as
those of the Chinese Pére David's deer. They do not rise so steeply upward as
those of the roe deer, nor do they spread out so far to the Sdes as those of the
moose. In addition, they have neither so few tines as those of the Indian axis
deer, nor so many as those of the northern reindeer. The red deer's antler
beams describe a harmonious curve, turning first out toward the sdes, then
upward, and finaly dlightly toward one another; the tines are
well proportioned and branch out at regular intervals. Together they
surround a spherical space (Plates 66 and 69).

This spherical shape does not spring up immediately. Only in the second
year of the animal's life do small, unbranched broaches appear, to be replaced
in subsequent years by antlers with an ever increasing number of points. Year
by year the lower points, such as the brow and royal tines, move lower and
project farther and farther apart, eventualy forming the lower part of the
sphere. Since the roots themselves become shorter and thicker with each
passng year, they asig in this process by lowering the branches and causing
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them to project ever more widely. Most of the tines added during the course
of the years grow from the upper ends of the beams. To balance this
development, the bez tines begin to grow from the lower portions of each
beam, just above the brow tines, once the antlers have developed ten points.
Brow, bez, and royal tines together reach lower every year, become longer,
and turn more and more towards the front and sides; meanwhile the upper
part of the beam lengthens and develops additional points. This spherica
form is most perfect when the stag has reached its prime, at about ten or
twelve years. Then, as he enters old age, the number of points decreases, so
that he may finaly have as few as eight.

Many authors have pointed out that the stag's formation of antlers is
comparable to the do€'s bearing of a fawn. In all species except the reindeer,
antler formation, like pregnancy, is regulated by hormones secreted by the
endocrine glands. The formative processes a work in the posterior pole of the
femde are transferred to the anterior pole in the mae. The formation of a
mane around the neck of the stag (i. e., at the anterior pole of the body) aso
emphasizes his masculinity, while the lack of antlers emphasizes the femininity
of the doe. The doe, therefore, even in the overal shape of her body, is more
sense oriented in form, while the stag is larger and has the stronger
metabolism.

An obvious difference in form exists between mae and femae deer. This is
even greater than that we found between male and femae goats and sheep, in

65. The antlers of the European red deer:
a) roat, b) burr, ¢) antler, d) antlers,
€) brow tine, f) bez tie, g) royd tine,

159



160

which we first recognized such differences as dgns of a rhythmic, centra
orientation. The deer, as the most central bearers of frontal processes, are the
archetypes of this phenomenon. With the exception of some reindeer races, all
femae deer lack antlers; and even in the reindeer the femaées antlers are
much smaller than those of the male. The deer family (Cervidae), then,
according to al we have here discussed, may be placed as a central group
next to the fully metabolic family of the cattle (Bovidae).

Having completed this general discusson, let us direct our attention
specificdly to the European species. In addition to the red deer, these are the
roe deer and the moose. These three, in terms of size, coloration, and body
shape, could be taken as paradigms for the biology of form. The red deer is
the mogt centra member of the deer family, while the roe deer has the
greatest degree of sense activity and the moose has the most powerful
metabolism.

The roe deer is rather small for a ruminant. It has the reddish-brown
dorsal and white ventral ddes typical of al nerve-sense oriented animals. The
body's shape is accentuated in back, and even the buck has no neck mane
(Plate 143). Wonderfully graceful, it springs effortlesdy over thickets and
underbrush. This member of the metabolically oriented ruminant group brings
into sense-active form the rhythmic processes of its deer-nature. In this
anima all three tendencies of the threefold organism play into one another,
so that even the dull metabolic-life processes are brought into harmony with
the senses and illumined by them. Grace and comdiness are embodied in this
small deer.

The male roe fawn grows antlers even during its first year of life. By its
first autumn—that is, by the time it is about Sx months old—it has already
begun to form the roots of its antlers. These lean dightly toward one another,
point toward the center, and develop tiny knobs about one- to three-quarters of
an inch (0.5 to 2 centimeters) in length; their velvet is soon rubbed off and
by January they have been shed. Immediately, the next st of antlers begins
to grow, the unbranched broaches, whose velvet is rubbed off in April; these
remain in place throughout the summer and are shed only in November.
Until the following April forked antlers grow, and these are cast off in
September or October. From November on, the six-pointed antlers develop.
This is the find antler form, which is grown and cast off each year and
increases its dze and strength, but never its number of points (Plate 145).

The time sequence of the roe deer's antler formation is of particular interest
because it begins so early and proceeds so rapidly. The red deer forms only

66. The antlers of sverd deer. Left to right above, Pére David's dexr (Ching) and
Virginia der (North America); middle, moose and roe deer; below, axis deer
(India) and reindeer (circumpolar).
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the roots of its antlers during its first year of life, and only in late summer of
its second year do its first broaches appear, a a time when the roebuck of
equal age has aready shed its second st of antlers. The roe deer's antlers,
therefore, must necessarily remain a a more primitive stage of development
than the red deer's, never developing more than three points on each beam.
Nevertheless, even this six-pointed form surrounds a roughly spherical area.
This 'sphere,’ however, is stretched upward and is more narrow and elliptical
than strictly spherical in form. The straightness found in broaches is never
abandoned completely, even by those East European and Siberian races (such
as the tien-shan deer) that develop a total of eight, or even ten or twelve
points. In addition, the lowest points, the brow tines, branch off high above
the burrs, and, unlike those of the red deer, do not move downward each
year; thus, the elliptical space they enclose never reaches down as far as the
burrs.

This acceleration is so much a part of the roe deer's senditive organization
that we find it manifested in many other aspects of this animal's form. For
example, the lower jaw's front-most milk teeth are replaced by permanent
ones during the animal's first year of life, while the red deer replaces them
only during the second. In addition, the roe deer, like many sense-active
carnivores (uch as the weasd, marten, and so forth; see page 66), mates
in July or August; embryonic development is arrested at the blastocyst stage,
and the embryo retains microscopic dimensons until December. Then,
embryonic development resumes, and the fawn is finally born in May or
June. Only if the doe has failed to concelve does she mate again a the
beginning of December, omitting the characteristic pause in embryonic
development. The red deer and moose, on the other hand, mate in August and
give birth in the spring, without any interruption in the development of the
embryo.

In Middle Europe the moose lives wild only in East Prussia and Poland,
although in prehistoric times it ranged over al of Germany and as far as the
southern dopes of the Alps. In northern and eastern Europe, as well as
northern Asia, and Canada, it still exists in great numbers. This is a gigantic
animal, the largest living deer, and with a shoulder height of amost 7 feet
(2.10 meters), it is taller than a man. (The red deer is only about 4 1/2feet, or
140 meters, tall, while the roe deer is about 27 inches, or 0.70 meters) The
mighty Alaskan moose may even attain a height of about 8 feet (2.50 meters)
at the shoulder (Plate 147).

As the anima polarically opposite the roe deer, the moose does not have
dark upper and light lower sides, but is a uniform brownish-black. Even the
caves are unspotted—an exception explained by this metabolic animal's
tendency toward uniform coloration. At birth the calves are as large as fully
grown roe deer, and athough they are reddish-brown at first, they soon turn
darker. Fully grown moose of both sexes accentuate the front part of the
body. High withers are formed; the hooves and therefore the tracks of the



67. European elk, or moose (a4 X).

forelimbs are always larger than those of the hind feet. There is no mane, but
a cartilaginous dewlap hangs down from the throat. The eyes are relatively
small and dull in appearance. The skull is extraordinarily long, the skin of the
hairy muzzle droops loosdly, and the neck remains short and thick. How
different from the long-necked roe deer with its relatively short head, large,
expressive eyes, and smooth, shining nose!

And the moosgs antlers? Like those of the red deer, these begin to grow
only a the end of the first year of life, that is, in May of the second
calendar year. From the beginning, the roots point out toward the sides. The
first broaches are complete by the fall; during the following spring they are
shed. With each passing year, broader, more widely separated beams develop,
adding more and more points. Only at the beginning of the fifth year do the
antlers form palmations between the points, thus assuming their characteristic
form. Until the moose's prime, these palmations incresse both in sze and
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number of points, grow increasingly broader, and at the peak of their
development may weigh as much as 55 pounds (25 kilograms) and have a
span of about 6 feet (290 meters). As the animal grows older, the points,
beginning at the back and moving forward, begin to round off, so that the
palmations' edges become somewhat wavy. The antlers scarcely point upward
at al, but spread out toward the sdes and back. Antlers with fully developed
palmations are shed soon after the rut, towards the middle or end of October
(Kramer). The surface of the wound is covered over and remains closed for
four months! Only in March do the new antlers dowly begin to grow again;
from May on they grow more quickly, and by the beginning of August they
are complete.

Unlike the roe deer's smal antlers, which grow up quickly and remain in
place for a long time, the antlers of the moose are closed off at the bases for
as long as possible. The antlers, in their finished form, are carried only for a
short time. For this reason the moose's metabolic forces stresm out from it to
a much lesser degree than they do from other deer. The moose, therefore, can
hold these forces back and turn them more completely to the formation of its
own powerful body. As we have mentioned, the moose's antlers are not
directed upward like those of other deer, nor do they branch out, and their
great mass makes them virtually impenetrable. Along the lower dSdes of the
palmations, impressions left by the meandering course of the blood vessds are
to be found—an indication that the dow-moving venous blood has been
concentrated here. In the growing antlers of the roe deer, quickly flowing
arterial blood is active, while in developing moose antlers, venous blood, with
its tendency gradually to come to rest, is at work. Thus, the palmated antlers
of the moose are in complete accord with its powerful metabolism, since it is
the form of its antlers that enables this anima to retain within itsdf its
strong digestive capacities.

We even find the typical divison of food requirements among these three
European deer. The sensitive roe deer is inordinately fond of ddicacies.
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68. Antlers of the moose: @ Eurasan race (Finland), b) American race (Canada).



Fastidioudly it chooses only the most succulent herbage and buds, as well as
tender shoots and nourishing grains. On a diet of hay aone it dies. The red
deer does not disdain the roe deer's favorites, ill, it is primarily a grass
eater, and (to the forester's dismay) it adso strips the bark from trees. The
moose, however, feeds primarily on leaves, twigs and the bark of trees, of
which it daily consumes a least a hundred pounds. This animal's very
congtitution seems to demand that it come to grips with the nearly
indigestible cdlulose, lignin and tannin found in such foods. It particularly
savors the branches of poplars and willows. Some of the branches it devours
may be thicker than a man's finger, yet in its droppings only a smdl residue
of wood fiber is to be found. It can even subsst on pine needles! An
extraordinary number of different trees are stripped of their bark by the
moose. It rarely bothers grain fields but resorts instead to swamp plants and
their bulbs; for it loves the water, where it frequently wallows and bathes,
above dl (Plate 146). It needs the swamps, bogs and marshes. An area that
provides both a marshy landscape and a large supply of twigs and tree bark
is absolutely necessary to the wild moose's existence.

Characteristic, too, for each of these gpecies is its whole way of moving.
The roe deer is quick to take flight; swift and agile, it bounds off into the
distance. It can aso live in unforested regions, since its ability to flee quickly
fully compensates for the lack of cover it finds there. Unlike either the red
deer or the ek, this anima's flight behavior is ingtinctive and innate
(Schmidt). The red deer prefers wide, extended woodlands and especialy
those areas where man is least likely to be found; there it can move freely.
The moose, when disturbed, does not flee a once. With remarkable
deliberation, as unobtrusively as possible, it soundlesdy steals away. If it
cannot hide, it trots away calmly, maintaining a steady pace for miles, until
it feds safe once more.

This brief survey brings us to a first threefold classification of the deer,
whose relationship, as we have seen, is revealed even in the formation of the
antlers themselves. To summarize, we find harmony and baance in the
spherical form enclosed by the antlers of the red deer, while the roe deer's
tiny antlers rise up so steeply that this basic spherica form is stretched
upward. Polarically opposite is the broad, flattened spheroid enclosed by the
moose's palmated antlers. In addition, the spheroid surrounded by the roe
deer's antlers never reaches down as far as the burrs, while in the red deer it
extends downward gradually during the course of the animal's lifetime, and
in the moose even the roots point out toward the sSdes and thus are adapted
from the very beginning to the formation of a spherical shape.

The lowest, or brow, tines of the roe deer's antlers are added only high
above the burrs, far above their normal position. In the red deer both brow
and bez tines are well developed and assume their normal, low position, while

165



166

69. Left to right, heads of mde roe deer, red deer (hangul) and moose

the upper portion of the antlers is equaly well developed. The moose's
antlers, however, aways remain within the low-lying area of the brow tines.
The roe deer ssems bent on completing the upper part of its antlers as quickly
as posshble and in its haste appears to skip the area of the brow tines. The
moosg's antlers, on the other hand, develop dowly and never grow much
beyond the region of these lowest tines. Only the red deer develops both areas
equaly—and between the two it forms its characteristic royal tines. The
harmony we find expressed in the red deer's antlers as polarities and their
mediation gives vishle expresson to the harmony that unites these three
Species as a group.

We have already discovered a similar threefold relationship among the
frontal processes of the horned animals. The sense oriented chamois, as well as
many antelopes, has horns that point amost straight up, while metabolically
oriented forms, such as the musk ox, cow and bison, have thickened horns,
directed out toward the ddes (Plate 51). This similarity between the horned
animals and the deer is even more apparent in the centra members of the
antelope group. The gazelle, even in the formation of its horns, corresponds
to the roe deer; the kudu to the red deer. Although the underlying form of
the antlers is the sphere, and that of the horns is the spiral, the two show
corresponding variations in form. Thus, while the basic variations shown by
the antlers of the European deer are of course deeply characteristic of these
animals, they are present a the same time in other groups of hoofed animals.

We understand the deer correctly only if we recognize in them the same
sensory, metabolic and rhythmic processes that give form to every mammal.
The nervesense pole of any animal is directed outward, towards the



surrounding world. It is this outward orientation of the senses that gives the
animals their long, pointed muzzles. The metabolic system, by contrast, is
primarily oriented not towards any outer goa but towards the expansion of
its own form in space. It lives entirely within itself; physiologicaly creating
its own substance, and morphologicaly shaping its own space. And the space
it creates tends toward breadth and expansion even where it extends into the
head. Thus the molars of mammals always stand farther out to the sides of
the head than do the incisors, which come close together at the front of the
mouth. As we have mentioned before, metabolic and sensory processes
occupy space in very different ways. For every life process prefers, or even
creates for itsdf, its own specific kind of space. Space, then, is biologically
relevant, and it is only the living form that enables us to discover its
significance.

The centering processes we have found associated with the senses and the
processes of expansion we have seen in metabolism are active not only in
normal antlers but aso in anomalous formations. Goethe was particularly
interested in anomdies, since it is precisdy in them that the many formative
possibilities of normal structures become most clearly visible. In the antlers,
as in other living forms, the formative possibilities are far greater than that
of the normal shape alone. And even the normal form is much more variable
in the antlers than it is in the horns. Quite frequently one antler beam has
more points than the other. For example, one antler beam may have five
points and the other, only four. These would be caled odd-numbered
ten-pointed antlers, though they have only nine points; in this case one
refers smply to the doubled number of points on the larger antler beam.
Other frequent anomalies are multiple-beamed antlers, in which additional
roots are present (thus demonstrating that in principle the entire frontal bone
is capable of forming roots with antlers). Such multiple beams are found
occasionaly both in European and non-European species (Nitsche, 1898).
Here we are interested primarily in those anomalous forms found in the
European roe deer, red deer and moose.

In the roe deer it may happen that the roots lean toward one another to
such an extent that the two beams, though growing from separate burrs, fuse
to form a single structure above the center of the head. This growth toward
the center may even cause the burrs themsdlves to fuse, so that the two antlers
share only one burr between them. In this case the beams join along a central
line and divide again into two branched sections. (One of the examples shown
in Plate 70 is an odd-numbered six-pointed pair of this type.) The fused burrs
project forward farthest dong the seam that joins them, as does the beam
section, which forms a dender, bony ridge. In back the fusion of the burrs is
less complete. Even in these structural details, then, the interplay of metabolic
processes, which tend to expand, and nerve-sense processes, which tend to
concentrate and move forward, can be clearly seen. In an article published by
Brandt (in 1897), we even find an example of a single point growing from
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70. Anomaous roe deer antlers (1/2 X; after Nitsche, 1898, and K. Brandt).

two separate burrs and roots. In this case the tendency of normal antlers to
center above the axis of the head has been realized completely. This kind of
abnormality, the median fusion of beams, is known only in the roe deer.

In the antlers of the moose, on the other hand, we find the following
abnormality: the antlers may add extra points that reach down, below the
palmations edges. This process may even affect the palmations themselves, so
that each beam forms two partially fused, palmated lobes. Instead of the
sngle-beamed condition of the anomalous roe antlers, paired double
palmations arise from the gigantic antlers of the moose. While the one no
longer creates a sphere in space, the other has made a 'double bottom' for it.
The former reduces even further the physical substance of its normally small
antlers, while the latter grows antlers that are quite large and extraordinarily
heavy. While the space the antlers seek to encompass nearly vanishes in the
sngle-beamed roe antlers, it is given excessive substance by the four
palmations of the moose antlers. In the roe deer the originaly paired beams
reach too far into the normal antler space; in the gigantic moose, they extend
too far out from it, thus exaggerating their innate tendency towards breadth.

The European red deer, with its harmonious antler space, tends toward a
regular, spherical form. Does this anima aso show anomalies typical of its
congtitution? Yes, though in this case the spherica form is not altered so
much as it is multiplied. At the upper end of each beam there may be tines
that reach into the primary space, as well as out from it! These surroyal tines



71. Typicd antler anomdies in European der spedies snglebeamed roe deer antler
(after K. Brandt), red dear antlers with crowns, and double-pdmated antlers of
an American mooee (after Nitsche, 1891).

are often clustered in a circular form, so that the upper end of each beam
encircles a separate, smdler spheroid. These are the 'crowns’ of the European
red deer (Plate 148). This formation, abnormal in comparison with those of
non-European races, is nevertheless consistent with the underlying form of the
antlers. Occasiondly, the North American wapiti may aso develop crowns,
but their occurrence is quite rare in comparison with that of the European race
(Linke). This 'abnormal’ form, which has become typical of the European red
deer, dso shows a wonderful organic order™.

Plate 72 shows, in chronological order, the fossl antlers of the prehistoric
red deer®. This survey, based on the work of Beninde (1937), shows that at
one time even in Europe, the basic, crownless antler-form prevailed in this
animal. The crowned antlers developed only relatively recently, during the
glacial period. Since Beninde's illustrations generaly show only one beam of
each antler pair, we have reconstructed the essentia features of each full s,
in order to show the spatial shape it surrounds.

The earliest forms show well-developed brow and bez tines. These provide
a good base for the primary antler space. In acoronatus the highest fork has
already thickened to form 'crab claws’' while the priscus form has the first
three-tined crowns. These, like the crab claws, are turned inward, towards the
space surrounded by the antlers. In angulatus new crown spaces have begun
to separate from this primary antler space, but by means of an elongated tine
that is till directed inward, they maintain their connection with it! This
elongated spur grows smaller in the late angulatus forms, thus enabling each
crown to create an independent space of its own. By the end of the lce Age
the primigenius deer shows a fully developed crown space that is definitely
directed out toward the sides.
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Here we s the actual sequence in which the European red deer formed the
crowns of its antlers, gradually withdrawing them from the primary antler
pace and separating them from it, until each of them came to recapitulate in
snaler form the origina spherica shape. Thus, each crown forms an
additional antler space at the end of each beam, stemming from the origina
but totally independent of it. The angulatus antlers represent the transitional
form, snce their crowns help to form the common antler space as well as
their own separate spheres.

In the primigenius deer, with its fully developed crowns, the bez tines are
sometimes lacking or only partially developed—quite the opposite of the
earlier forms, in which bez tines are prominent, while crowns are absent.
During the Ice Age, then, the formation of the crowns proceeded in the upper
area of the antlers a the same steady rate as the reduction of the bez tines
in the lower region. With this reduction of the bez tines, the original,
spherical shape of the antlers was noticeably altered. This fact offers further
evidence that the crowns developed at the expense of the original antler
shape.

Only after the end of the Ice Age, during the present geologica era, has
the European red deer established balance between the crown and bez tine
regions of its antlers; now both are fully developed (Plate 148). Today's
North African Atlas deer, however, ill preserves something of its late lce
Age character. Its antlers are usualy without bez tines and therefore
occasionaly develop the wide, cup-shaped crowns typical of the Ice Age deer.

In concluding this chapter we turn once again to the structure of the deer's
teeth. We have already demonstrated the connection between canines and the
rhythmic processes of any animal species. Thus, the elongated canines of the
primitive deer species give testimony to the basic rhythmic character of the
entire family of deer. In the fully evolved species as we have seen, the
canines have been reduced to mere stumps in the course of the antlers
development. In species whose rhythmic orientation has diminished in favor
of polaric developments, even these stumps are no longer found. Thus among
European species, only the central red deer possesses vedtigia canines. Both
the roe deer and the moose show some development of canines during the
embryonic stage, but only in the rarest instances (8 %, according to Nitsche,
quoted in Rau) are these tiny vestiges retained by the adults of either species.
Thee developments are consistent with those of other, non-European species

72. The devdopment of the antlers in the centra European red der of the lce Age
Left to right, above, the fird European red deer, from the green sand marl layer
(betwen the Fliocene and Feidocene beds) found in Hundsheim/Vienna, and
Cervus elaphus acoronatus from the early Ginz-Mindd Interglacia, found in

ashachWieshaden. Middl e, Cervus el aphus angul atus, from the early Mindd-Riss
Interglacid, found a Steinhem a d. Murr, and Cervus elaphus angulatus, from
the late Mindd-Riss Interglacid, found & Seinhem a d. Murr. Below, Cervus
elaphus, from the same Steinheim layer, but dightly higher, and another example
from the end of the last (Wirm) loe Age (after Oloff and Beninde).
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as well. Thus, as we might expect, al the extremely metabolic bearers of
palmated antlers, including the reindeer, fallow deer, and the extinct
Megaceros (Plate 149), completely lack these vestigial canines. These teeth are
aso lacking in species which, like the roe deer, have become sense oriented.
To this group belong al forms that are restricted to North and South
America. These species are about twelve in number and vary in sze from
that of the mule deer to about half the size of the roe deer. The pudus, for
example, are only about 14 inches (or 35 centimeters) high at the shoulder.
While young, these tiny animals still have upper canines, though they have
lost them as adults. Nearly all species closdly related to the red deer, however,
have vestigial canines throughout life—an indication of their central position
within the deer group.

Modern taxonomy divides the deer into two groups, according to the
structure of their metacarpal bones. Those species in which the stunted
vestiges of the second and fifth metacarpals of the fordegs are located near
the phalanges are grouped together as the telemetacarpal animals; those
gpecies in which these bones lie closr to the carpus are called
plesometacarpal. In the following survey, al living deer species are so
arranged that their positions within the threefold order, the presence of upper
canines, and the position of the metacarpal bones may be seen. We dso
include the extinct Irish ek (Megaceros), since it was contemporaneous with
man during prehistoric times. Although this anima is often classfied
erroneously with the fallow deer, it is actually telemetacarpal.
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73. Bones of the foreegs
in the deer family:
a) Telemetacarpalia,
b) Plesiometacarpalia
(after Oloff).
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(The plesiometacarpal species appear within frames;
all others are telemetacarpal.)

In comparing these animas we find that the concept 'plesiometacarpa’ has
real meaning in nature, for animals in this group are al 'central' forms, in
our usage of the term. This is the case in al gecies closdy related to the red
deer, snce, in both sze and antler shape, they form a completely uniform
group. Nearly al plesometacarpal antler bearers have stunted upper canines.
Only in the Indian axis deer, the most sensitive species, and the fallow deer,
the most metabolically oriented member of this group, are these vestigid
canines absent. The tufted deer and the muntjac, mediating forms between the
primitive and the more highly evolved species, are also plesiometacarpal. This
feature, then, is obviousy connected with the dominance of mediating
processes among the deer. All extreme forms, on the other hand, are
telemetacarpal: the most primitive species, as well as both the extremely
sense-active and metabolically oriented forms. The telemetacarpal group,
then, has no inherent unity, but includes the extremes™.

In the above survey the central position of the red deer is once again
made evident. In earlier times hunters had an intuitive understanding of the
special meaning of this animal's upper canines. Thus the custom arose of
mounting these teeth in gold or silver and wearing them as ornaments. We,
too, may recognize these vestigial canines as a sgn of the perfected harmony
of the red deer itsdlf.
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IX The Giraffes

The giraffes are truly remarkable creatures, whose extraordinary body
proportions demand a thorough examination of their basic shape. Closdy
related to the horned and antlered animals, they are fully developed
ruminants. Their paired frontal growths, however, are neither genuine horns
nor antlers, so that these animals must congtitute a last, separate family
among the bearers of frontal processes. There are only two species in this
family, the well known giraffe of the savannas (Plate 152), and the okapi, a
rain forest dweller (Plate 153). Both are found wild only in Africa

A gentle animal, the giraffe has an exceedingly narrow head and large,
expressve eyes with long lashes (Plate 150/151). The Arabs have given it
many poetic names, and from the Arabic word geraph (seraph), 'the lovely
one,' its present name is derived.

Disproportionately large and erect, the giraffe has overly long legs, a very
short trunk, which drops off steeply towards the back, and an extremely long
and powerful neck that carries a rather elongated, dender head. This animal's
entire form is exaggeratedly vertical. From the outset, then, we may assume
that this is no rhythmic, harmonious organization that we have before us, but
a highly sense oriented one. As we might expect, there is no trace of upper
canines.

And what do the frontal processes themsdlves reveal? In the sense-active
roe deer, as we recall, the antlers develop quite early, and remain rather small
throughout the anima's life. The giraffé's frontal processes are present even
before birth, in the form of two fur-covered, bony pegs, about 234 inches
(7 centimeters) long; their development, then, begins even earlier than that
of the roe deer's antlers. Birth is not hindered in the least by these bony
protuberances (the os cornu), since they have not yet fused with the frontal
bone and simply fold back when birth takes place. And precisdly because
these bones begin to develop so early, their later growth is limited even more
severdy than that of the roe deer's antlers. In the fourth week they fuse with
the skull, and over the entire course of the animal's life they attain a length
of less than 12 inches (30 centimeters). Straight and tilted dightly backward,
they stand next to one another. The skin covering them does not harden to
form horn, nor is their fur ever rubbed off;, they neither hold back inner
capacities nor are they rhythmically shed and formed anew. In the full-grown
male the upper end of the bone remains exposed and is surrounded by a
rather high tuft of upright, black hairs. The skin covering the bones remains
permanently open. Occasionally the tufts spread and lay bare the tops of
the pegs.
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74. The hair and skin of the giraffe's horns remains open at the top. This half-grown
animal was photographed by the author in the Ngurdoto Crater National Park

of Tanzania, in 1973 (drawing by A. Suchantke).
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75. Skull of a giraffe bull found near Mount Elgon in Kenya, with the 5 horns
usualy found in this northern race (Giraffa camelopardalis rotschildi). Note the
series of medial, lateral and medio-lateral knots (1/9 X, after Broman).

The presence of frontal growths indicates a basic organization dominated
by the metabolism, and the giraffes are in fact ruminants and selenodonts. But
the way these processes develop points to the strong secondary influence of
the sense system. This sensory influence is further indicated by the presence of
a third, unpaired outgrowth, which arises on the median line of the head, in
front of the paired 'horns.' In addition to these three horns, the bull of the
enormous Abyssinian giraffe may even grow a second pair of horns behind
the firgt, thus developing a total of five bony processes. Only the original
pair rests solely on the frontal bone; the unpaired horn extends forward, so
that it rests partly on the nasal bones, while the posterior pair rests partly on
the parietal bone. On the ridges above the eye-sockets, additional, very small
protuberances are often found. In very old bulls, several protuberances can be
sen on the two main horns. Thus, while bovine horns remain unbranched,
and the deer's antlers branch out, the multiple growths of the giraffe
subdivide, as it were, so there is no longer any connection among them.
Multiple processes develop instead of additional points on the original pair.

One bovine animal, the tiny four-horned antelope of India, aso has
multiple horns; as a member of the bovine group, however, it lacks the
median horn. And it is just this median horn that identifies the giraffe as the
bearer of frontal processes that is most open to the environment. The giraffes,
then, are truly polaric to the cattle. Only if we bear this in mind can we
understand fully that the deer are the central ruminants, and the cattle are
those most completely given over to the metabolism.



76. Compare the differences in form shown by the giraffe, red deer, and bison (each
1/60 X).

Bearers of Frontal Processes

/\

Girdaffes Deer Cattle

What its head processes only suggest is shown fully by the giraffe's overall
form. Contrast with it the bison, whose head is bowed down, permeated with
the forces of the metabolism, or the deer, with its beautifully proportioned
head and trunk. The giraffé's head towers high above the metabolic ream.
The same forces that are dammed up at the front of the bison's body, and
that give harmonious shape to the deer, give form to the giraffes eongated
neck; for this animal lacks damming processes to hold back the powerful life
forces of its ruminant nature. The giraffe is so exaggerated in form precisely
because it is both highly sense oriented and strongly metabolic. If we compare
it with the other sense oriented ungulates, the horses and camels, we s that
the horses show a beautiful harmony of form; in the camels the opposition
between metabolic and sense systems has led to an unharmonious shape; in the
giraffe these opposites have reached the greatest possible degree of tension.
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The more any one sysem is emphasized in a species, the greater are its
formative possibilities. In the horse group, we find among horse, donkey,
wild ass, and zebra no great variations from the basic equine form. The
camel's shape varies from that of the large, heavy-bodied dromedary to that
of the graceful little vicuna. Among bearers of frontal processes, however, we
find—extending from the oxen, sheep and goats through the incredible
variety of antelopes to the deer, and finadly the giraffes—a spectrum of
form that expresses not only the vitality of the single animal but aso the
powerful formative forces active within the group as a whole. These variations
in form may be expressed in the following diagram:
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From this diagram we can s that differentiation into a large humber of
gpecies is not (as we have indicated previously) connected solely with a
strengthened sense organization, but also occurs when the sense organization
is added secondarily in an anima dominated primarily by its metabolism.
The metabolic species, snce they have the most powerful formative
possibilities of any mammals, are able to bring forth many different forms
when they attain (as, for example, the antelopes have done) open contact
with the outside world.

Horses, cames and giraffes share one anatomical feature, and this
establishes a connection among them, despite the fact that they are dso quite
distinct from one another as groups: they have no dew claws (lateral hooves).
What is the significance of this peculiarity in the limb organization?

The smplest of the higher animals, the well-known lancelet (Amphioxus),
uses for locomotion the fin-like edges of its body. These 'fins' are unpaired in
the region of the centra nervous sysem but paired in the area of its
metabolic functions! The same is true of the genuine fishes, in which paired
pectoral and pelvic fins are present, but whose dorsal, caudal, and anal fins,
which grow along the spine, remain unpaired. In the course of evolution the



77. Horse, dromedary, and giraffe, the three ungulates whose limbs are most

speciaized (each /45 X).
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78. Lancelet (Amphioxus), showing unpaired and paired fins (natural size).
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importance of paired limbs increases to the detriment of the unpaired ones.
Not the spinal column, which protects the nervous system within it, but the
limbs, so closdly connected with the realm of the metabolism, become the
genuine organs of locomotion. The head is the first to lose its limb function;
it metamorphoses to take on the functions of biting and chewing. The spina
column and tail, in the lung fish, salamanders, snakes, lizards, and birds, are
ued less and less for locomotion, until in the mammals they serve this
purpose only sporadicaly (as in the South American spider monkeys).
Finally, the paired limbs predominate. Thus we can see how the function of
locomotion has joined with the metabolic system.

In the mammals the two pairs of limbs form the basis of a wide spectrum
of formative possibilities. How are these limbs modified?

In the odd-toed horse, the middle toe is favored. The condylarths, ancient
ungulates whose fossl remains date from early in the Tertiary period,
retained the basic five-toed form. In Eohippus, however, the horse's first
known ancestor, toe reduction had already begun; this animal, no larger than
a fox, had four toes in front and three behind. As the Tertiary period wore
on, speciadization of the limbs continued in successve stages. One after
another, the lateral toes shrank and disappeared. At the same time the middle
toe thickened to form a hollow bone the sze of the thigh-bone, and its nail
became a single, solid hoof. The modern horse, when it is an embryo two
centimeters long, still shows the second and fourth toes as dew claws next to
the dominant third toe (Krdélling). These, however, begin to disappear after a
short time, and in the fully developed anima they are found only as two
small splint bones, attached, as stunted vestiges, to the third toe. The
fivetoed limb, then, is the basc form that underlies even the hoof of the
solidungulates; but in these animals it has been utterly transformed, so that
the third toe has become dominant.

This transformation becomes clear when we apply to the formation of the
limbs the spatial significance we have aready discovered in the head
proceses. There are a work in the hooves of the odd-toed ungulates,
particularly those of the horses, formative forces that pull the spatia form in
toward a center! The versatile hand has been centered; towards a single goa
it speeds at a gallop. Whatever is received by the horse's sharp senses flows
easly as reaction into the forward-directed limbs. The wild horse is an
ungulate oriented completely toward distant goals. Thus, any formations that
spread out |aterally, even dew claws, have been discarded.

The rhinoceros, however, snce it has turned once again towards the
metabolism, has developed the second and fourth toes as strong lateral hooves
next to the middle toe and therefore has a total of three hooves on each foot.
The central tapir is the odd-toed ungulate whose limb formation remains
closest to the origind form: its hind legs, like those of the rhinoceros, have
three toes; but the forelegs still have four, so that only the first, the thumb, is
missing from the original five-toed form. But among the four remaining toes



the third dominates, so that even this animal's limbs remain centralized in
form.

Like the tapir, the even-toed ungulates have four-toed foreimbs, but the
third toe is not singled out as the largest. There is no central hoof: all hooves
turn out, away from the limb's axis. The third and fourth toes form the main
hooves, the second and fifth, lateral toes, or dew claws. All bunodonts and
sdlenodonts are even-toed. So the primarily metabolic orientation of this
ungulate group is reveded for the biology of form even in the uncentered
arrangement of the hooves. The dew claws, directed laterally and dightly
backward, are never lacking in the typically metabolic ungulates. In
abnormal cases they may even attain the size of main hooves (as illustrated in
the anomalous roe deer hoof shown in Plate 159).

There do exit some even-toed ungulates in which the dew claws have
disappeared completely. This is roughly paralel to what takes place in the
horses, among odd-toed ungulates. These animals, with their paired main
hooves, are, of course, even-toed, but since their lateral hooves no longer
develop we may assume that they have secondarily established an increased
contact with the world around them. In the peccaries we have seen at least
the beginnings of this process. They, like the horses, are sense oriented
ungulates, yet because they are members of a central group, they cannot reach
the fina stage. Their forefeet still retain both dew claws. The hind fedt,
however, greatly reduce the outermost or fifth dew claws, discarding the
'most lateral' toes first. Thus, these sensitive members of the swine group have
four toes in front and only three behind. This increased specialization of their
limbs dso alows the metacarpals to fuse partially and to form (in marked
contrast to the other members of the swine group) at least the beginnings of a
cannon bone.

In the camels and giraffes, sense oriented members of the extremely
metabolic ruminant group, dew claws disappear entirely. Not even vestiges,
such as the horses splint bones, remain. The formation of the limbs, then (in
its reduction of the latera toes), is fully consistent with the overall
constitutions of these sense oriented members of a highly metabolic group.
Within the diverse group of horned animals, there are other significant
'exceptions among certain sense-active antelopes, such as the pygmy
antelopes, impala, and pronghorn, in which dew claws are absent. Most other
antelopes have very smal dew claws, placed high. As we might expect, the
deer, as central ruminants, forego any such specialization of the limbs.

In the following survey, forms with reduced dew claws appear in bold face
type. With remarkable regularity, sense-active forms, open to the surrounding
world, show this characteristic reduction. What could only be considered
rather curious exceptions when seen in isolation become understandable at
once when seen within the organization of the whole.
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It is interesting to note that the formation of the hooves is closdy
connected with the various kinds of head processes. The horns of the
rhinoceroses, odd-toed ungulates, are in an unpaired position; those of the
even-toed ungulates, by contrast, are paired. Kénig (1967) aso noticed this
organizationally consistent relationship:

That hooves and horns are mutually determined becomes immediately apparent when
we compare the odd- and even-toed ungulates with one another; for in the even-toed
ungulates both horns and antlers are formed in pairs. They develop as bilateraly
symmetrical organs. The rhinoceros, on the other hand, as an odd-toed animal, grows
horns in the middle of its face. Even when there are two horns, they stand one
behind the other along the median line of the nose. Here we can see that the odd-toed
condition is operative even in the formation of the horns, just as the even-toed con-
dition leads to the formation of symmetrical horns and antlers (p. 217).

We are now in a position to understand how perfectly the living organism
shapes its relationship to space, how each detail visibly conforms with the
animal's entire constitution®®. In centered formations the life processes
directed toward the outside world prevail; in formations that project towards
the ddes and tend to form spirals, those processes that shape the organism's
own form are dominant®. The hooves of the cow, like its horns, curve to
form a gpiral. Plate 160 shows the hoof of a merino sheep that was kept
suspended so that its hooves would not wear off naturally and it could be
displayed as a curiosity at fairs. Its hooves grew to form spirals like those of
its horns. In the chamois, with its upright horns, the hooves are narrow and
sharp. Similarly formed are those of the roe deer. In the red deer a
harmonious relationship prevails, but in the elk and reindeer the tendency
towards spiralization begins again. The sense oriented horses, camels and
giraffes, despite their sze, do not have spiral hooves. Thus we can
comprehend, from the very tracks it leaves behind in the ground, the animal's
whole nature.



79. Tracks of afew European
ruminants (al 1/6 X).

The ungulates, as mammas dominated by the third, or metabolic-limb
system, vary widely not only in the development of the digestive system but
also in the formation of the limbs. In our threefold survey of these animas
we have seen that groups listed on the right sde of the chart develop the
greater specialization of the metabolic system, while those on the left have the
more speciadized limbs. Careful attention to such details will adso enable us to
discover the underlying relationships that unite the members of this group. Is
there not at work here, in the natural ordering of large groups, a process
similar to that underlying the polarity established by the individual animal
between its metabolism and limbs? Within each organism the metabolic and
limb processes are quite distinct; yet they are aso closdy connected. Is it not
reasonable to ask whether these processes could have operated similarly in the
course of evolution, thus leading to a natural ordering of groups, determined
by inner necessity? The riddle of the single organism may well be the same as
that of the whole system of related animals, so that they shed light upon one
another when compared. Perhaps even the relationship itsdf derives from an
over-arching 'organism', which, like the single animal, can be defined in terms
of the biology of form. The highly developed limb formation of horses,
camels and giraffes, reveds how the limb sysem—in the ordering of the
group as well as in the single anima—is the outwardly directed counterpart
of the metabolic system.

It is therefore not surprising that the speciaization of the limb system, like
that of the organs of metabolism, is restricted dmost entirely to members of
the ungulate group. Among the carnivores, as we might expect, there are few
real runners. The canines are fairly well developed, athough rather
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80. The cheetah, which is able to run at speeds approaching 65 mph., is distributed
from South Africato India (/12 X).

unspecialized, 'limb animals,’ somewhat open to the outside world. (We have
therefore placed them to the immediate left of the metabolically oriented
seds, page 68.) The cheetah, a singular species whose position within the
cat family is rather isolated, is certainly some kind of limb animal. This
long-legged, dender large cat, with its doglike paws (its claws, unlike those
of al other cats, are not retractile), is the fagtest running mammal. Yet,
unlike the wolf, it cannot maintain its speed over long distances. Among the
rodents, of course, such limb animals are amost entirely lacking; perhaps we
could consider the South American mara as such (see Plate 29).

Let us now apply to the central ungulates the idea of a living organism
that underlies each anima group. We know from the single organism that the
system of propagation lies between the metabolism and the limbs. We have
also discovered that in many central members of the ungulate group outward
shape is largely determined by the animal's sex. In the yaks, sheep and goats,

184 for example, and especidly in the deer, we have found striking differences



between the forms of male and femae animas. All mae deer have antlers
(and/or lengthened upper canines), while all females, with the exception of
the reindeer, have neither; and even the femae reindeer's antlers are much
smdler than those of the male. In the chevrotains, too, as well as the pigs (se
chart, p. 152), the male has canines that are much more strongly developed
than those of the femae. The upper canines of the wild sow, in contrast to
those of the boar, grow downward. The male babirusa alone has elongated
canines (Plate 161, 162). Male and femde tapirs, as members of a sense oriented
group, show only dight differences in form.

Significantly, however, these differences are found once again among
metabolically oriented carnivores. Among terrestrial carnivores these
differences are especialy noticeable in the lion, and they are even more
pronounced among aquatic forms. Only the male harp sed, for example,
shows conspicuous coloration. Among fur sedls, the males are much larger
than the females. The male walrus has larger tusks than the female does, and
only the males of hooded and elephant seds have large, inflatable nasal sacs.
Only the male Cuvier's beaked whale has two teeth, and his coloration is aso
different from the femae€'s, the mae narwhal has a long single tusk. In the
central member of the toothed whale group, the killer whale, there is an even
greater difference in size: the male is twice as large as the femade and has a
much longer and steeper dorsal fin than she does. In the sperm whale, too,
male and female animals show marked differences in size.

Among the rodents, on the other hand, we find no comparable contrast in
form; in them the third system has too little influence.

As we have observed, this sexua dimorphism (as biologists refer to the
contrast in shape between mae and femde animals) is most pronounced,
among mammals, in the deer family. The stag has the more metabolic form,
while the do€'s is more senditive. The reverse is true, however, of reproductive
processes. During the rut the stag becomes very excited; he forgets to eat or
deep and lives only to keep close watch on his rivals and on the does.
(It cannot be denied, of course, that the aggressive character of the rhythmic
congtitution aso plays into this behavior.) The doe, on the other hand, is
peaceful and phlegmatic, and for many months devotes hersdf completely
to carrying her fawn.

In geographically extreme areas the deer's sexudly determined differences
in form undergo a certain leveling. The femde reindeer has antlers—though,
as we have said, these are smdler than those of the male. As a member of the
deer gpecies living farthest north, she, like the male, develops a powerfully
metabolic form. In the southern parts of their range (Canada and Siberia)
cloe to hdf of all female woodland caribou lack antlers, while al barren
ground caribou and Eurasian reindeer, living further north, bear them regard-
less of sex (Burt).

These strengthened metabolic processes are dso apparent in the reindeer's
flattened antler beams, which tend to become palmated. In their devel opment,
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unlike that of the antlers of al other deer, it is not the sex hormones that are
primarily active, but the direct forces of metabolism. For a finished st of
antlers, as long as the velvet remains dive, can even add extra points if the
reindeer receives particularly nourishing food—a development that would be
utterly impossible for any other kind of deer (Bruhin). It is undoubtedly this
strengthened metabolic capacity that has enabled the reindeer to become the
only semi-domesticated deer pecies on earth.

Tropical deer never show palmated antler formations and at most develop
antlers with only a few tines. And it is only in tropical aress that small forms
without antlers, such as the musk deer and Chinese water deer, live. The
males of these tropical species, then, take on a shape more typical of femde
animals. The harmonious, central deer, which show an obvious difference
between the sexes, live in central latitudes.

As extreme as some members of these central groups may become in the
expression of their particular characteristics, they al manage to retain rather
basic, original features, compared with those of the purely metabolic or limb
oriented animals. We have noted many times that such centra animals often
remain smaler than the polaric forms, as in the case of the pigs (between the
horses and cattle), the chevrotains (between the camds and cattle), and the
deer (between the giraffes and cattle). In addition, the digestive sysem and
limb formation remain somewhat primitive. Thus the tapir, the central
odd-toed ungulate, retains four toes on each front foot, though both the horse
and rhinoceros, its closest relatives, have highly specidized limbs. In the
chevrotains the ulna and radius have remained unfused, and in the water
chevrotain of central Africa, even the third and fourth metacarpals are still
separate—a unique feature among the ungulates. These animas adso stop
short of developing a complete, four-part ruminant stomach. The swine, too,
have many primitive characteristics (see p. 102).

All these examples express for the group as a whole something quite similar
to what is expressed by the reproductive processes of theindividual animal. For
it is in this realm that the primitive stages of development are recapitul ated
ever anew in the young. In the ungulates then, as animas dominated primarily
by the metabolic-limb system, it is not surprising to find the smdlest and
most basic forms in the central families.

Shoulder Height

Among the tapirs, Roulin's tapir (of the Andes) ~ 30" (~80cm)
Among the swine, the pygmy hog (of the Himalayas)  10-12" (25-30cm.)
Among the chevrotains, the smaller Malayan

chevrotain 8-10" (20-25cm.)
Among the deer, the Chilean pudu 12-14" (30-35cm.)
Among the central antelopes, the royal antelope

(of West Africa) ~10"  (~25cm.)



The rhythmic character of the royal antelope, a member of the bovine
group, is expressed by the fact that it quite willingly eats meat, and
sometimes even has small canines®. All these small forms spend their lives
surrounded by an abundantly nourishing tropical vegetation. More than any
other ungulates they have retained the most childishly original, primitive
form of this anima group (Plates 163—165). As such, they belong within the
natural order of ungulates, an order whose differentiations revea the basic
characteristics of the threefold metabolic-limb system.
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Just as the limb formation of the giraffe has given us a starting point from
which to examine the limbs of al the mammals we have studied thus far, its
unusual coloring provides us with an opportunity to bring together and
compare the coloration of the mammals. With a certain reserve we suggest
here a few of the broad outlines of this comparison. It is clear that the
coloration and contrasting patterns of undomesticated animals have an
extraordinarily dose connection with the unique nature of each animal
species. Indeed, the internal organs, the skeleton, and even the body's overall
shape vary less among species than the coloration does. Because the animal's
coloration is so easly observed, we might be tempted to generalize about it.
However, this would obscure our understanding, for it is in the coloration
itsdf that the singularity of each animal species is most strikingly expressed.
Bearing this in mind, we may go on to ask whether certain basic, frequently
appearing types of coloration may be found in all mammalian groups.

We have found again and again that within any particular group the sense
oriented representatives, such as the mice, squirrels, weasdls, porpoises, the
guanaco, and the roe deer, have a white ventral sde and a darkened, often
reddish-brown dorsal side. This remarkable color pattern, which distinguishes
the dorsa from the ventral areas, gives expression to the specific organization
of each of these species. The strongly metabolic representatives of any
particular group, such as the bison, moose, Bactrian camel, hippopotamus,
rhinoceros, sperm whale, bear, and beaver, veil themsaves in a uniformly

187



dark brown, or even black coloring. In contrast to the sense oriented animals,
which sharply divide their dorsal and ventral colors, the purely metabolic
animals have an indifferent coloration that seems to close the animal off
within itsdf. In discussing the deer we discovered that the coloration of
central mammal groups becomes comprehensible when compared with those
of the two polaric groups. Thus the chipmunks, ground squirrels and sudiks,
the spotted and striped small and large cats, civets, hyenas, and many seds
and whales, as well as the young of tapirs, pigs and deer, have a rhythmically
alternating color pattern. On their coats light and dark colors aternate in an
active rhythm, giving expresson to each species own particular constitution.

If we accept as hypothesis this idea of the 'threefold division of coloration'
and become quite familiar with it, its significance will gradually be revealed
to us. A metabolically oriented animal, such as a cow, gives the impression
that its life is buried deep within its amost too powerful body. We look into
the eye of a cow as though into the depths of a well; this animal's
fundamental being is founded upon life processes deep within its body. Its
visble surface remains only the indifferent covering of a rich inner life.

The exact opposite is true of purely snse oriented animas. Highly
sengitive, nervous, reacting instantly to every sense impression, a wood mouse

81. The jaguar, of tropical North and South America, has a coat covered with black
rosettes (1/11 X).



or dwarf weasel seems to live more outside its body than within it. Such an
animal is aways 'beside itself.' The beady, black eyes of the mouse are wide
open to the outside world. Its life ssems to be structured from without, by the
strongest of al sense impressions: the difference between the free, open space
in which it moves, and the solid ground on which it treads. Perhaps its
coloration, too, is determined by this experience.

The well-proportioned carnivore, however, is neither so completely
occupied with its own metabolism as the bovid, nor so entirely devoted to the
outer world of the senses as the rodent. In it, rather, essential processes take
place in the transitional area between inner and outer worlds, on the surface
of the body. What muscular activity animates the bodily contours of the
jaguar! How alive is the expression in the eyes of a cat (Plate 156)! Mammas
dominated by the formative processes of the middie sysem are those which
develop the most beautiful coloration patterns. In these animals more than
any others, the surface of the body speaks directly to our observation.

If the natural coloration of an animal is, in fact, connected with its overall
congtitution, we should expect to find that a detailed study of the
constitution of any particular gpecies would lead to a better understanding of
its coloration. For example, within groups formed primarily by the sense
system, we might expect animas with relatively dull senses and strong
metabolic capacities to strengthen the connection between coloration processes
and the surface of the body, thus bringing these processes to outward
expresson. We have already discovered the conspicuous contrasting patterns
on the heads, necks or backs of such species as the hamster and the mole rat
among the mice; the porcupine, the most extremely metabolic of the rodents;
the polecat among the weasels, and the badger among the martens. In
contrast to the purely sense oriented animals, these species, like the purely
metabolic ones, have a dark underside; yet the upper side, with its expressive
patterns, usualy beginning at the head, remains light.

Although it would be worthwhile to consder the implications of such a
pattern, we shal now confine our discusson to the phenomena themselves:
when we compare the opposite animals, the sense oriented members of the
ungulate group, the results are equally striking. Is it possible that the strong
formative forces at work within the powerful bodies of these animals might
extend even to the body's surface and mark it with new desgns? This is the
cazxe in al wild horses (Plate 154), the classica example being of course the
zebra (Plate 155). Of all ungulates, these wild horses show this contrasting
coloration most strongly. Broad black and white stripes on the body, and
narrow ones on the head and limbs, are, in their strict aternation, less a
protective coloring (von Boetticher) than a part of the animal's own constitu-
tion. For the horses are limb animals, open to the outside world, and thus able
to display outwardly their strong inner capacities. The tarpan, the extinct
ancestor of our domesticated horse, still had striped upper legs. These stripes
are even found in some domesticated breeds, such asthe fjord horse of Norway
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82. The oryx, which lives in the plains and semi-arid lands of Africa, has sharply
contrasting patterns on the head and limbs, as well as long, nearly straight
horns(1/30X).

(Plate 154), which has preserved much of the original form. Occasionaly these
horses even have striped necks (Krummbiegel, 1958). The donkey, a dose
relative of the horse, also has striped legs and shoulders. Because they are open
to the world, al these metabolic animals have a ventral sde as light as that
of the purely sense oriented animals.

This coloration tendency aso appears in other limb oriented ungulates,
auch as the giraffes. The strange, narrow-lined, net-like color pattern of the
large giraffes can now be understood (Plate 152). This coloration, with
its conspicuous pattern and white underside, identifies these animals as the
bearers of frontal appendages opposite the cattle. The small woodland giraffe,
the okapi, even has prominent zebra-stripes on its shanks (Plate 153). Like
those of the horses, these horizontal stripes are confined primarily to the limbs.
Perhaps we might adso include in this group of outwardly-oriented,
limb-accentuating ungulates the African oryx with its strongly marked limb
and facial patterns, as well as the European chamois, with its less conspicuous
facial dtripes. It is certainly worth the effort to trace al these correlations,
for only then may we begin to develop an adequate understanding of the
processes at work in coloration.



SenseAnimals  Nerve Animals Central Animals  Limb Animals Metabolic Animals
Dorsal Sde:  Darkened Patterned Rhythmically Patterned Darkened
Ventral Sde:  Lightened Darkened Patterned Lightened Darkened
Examples: Mice Striped Field Cats Zebras Wild Cattle
Rats Mouse Leopard Wild Ass Moose
Dormice Hamster Jaguar Tarpan Hippopotamus
Flying Squirrel Mole Rat Tiger Okapi Rhinoceros
Red Squirrel Porcupine Harbor Sed Giraffe —
— — Ringed Sed Oryx Right Whae
Weasd Polecat Sea Leopard (Chamois) Sperm Whae
Porpoise Marbled Polecat Hooded Sed Elephant Sedl
— Skunk Many Whales Walrus
Guanaco Badger — Brown Bear
Roe Deer Honey Badger Chipmunks Sea Otter
Spotted Sudik Sable
Spotted Deer —
Beaver

Dual Coloration Richly Patterned Coloration

This compilation enables us to make a fir¢ overal survey of these
correlations and offers many possibilities for further study. Above all,
however, we must keep its structure flexible in order to avoid reading into it,
or extrapolating from it, more than the phenomena themsdves express. The
analytical intellect, with its tendency to compartmentaize, would be most
gratified to discover straightforward, unambiguous 'rodent,’ 'carnivore,’ and
‘'ungulate’ colorations. The above chart shows, however, that the large
systematic unit to which an anima belongs is less important in determining
its coloration than its particular constitution and its position with regard to
its closest relatives. It is for this reason that the entire fiedld of mammalian
coloration proved so difficult to understand in the past. The specific pattern
of coloration is often determined at the point of differentiation into individual
Species.

If we succeed in applying the threefold evaluation of mammalian form
even to the individual species—as we have attempted to do here—we may
look with greater discernment at the 'open secret' of patterns on the animal's
coat. Much remains unclear: Why do we not find a light ventral area in the
eared seds? Why does no came have horizontal stripes on its legs? A better
understanding of such 'exceptions might well revea connections between
coloration and the threefold constitution even more extensive than those
discovered thus far. In the meantime, as we have seen, many organic
regularities are already apparent. The fact that the stripes of limb animals
appear specificdly on the limbs is surely not without meaning. And this
meaning is underlined by the fact that the opposite cases those forms

Uniform Coloration
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designated at the end of the fifth chapter as nerve animals, have contrasting
patterns centered on the head and along the spine. The former usually show
transverse stripes, the latter, longitudinal ones. The mediating animals show a
wide spectrum of loose, rhythmic patterns: the more sense oriented members
of this group, such as the genet, serval and ocelot, are more apt to form
longitudinal designs, while the more metabolic members, such as the tiger,
tend towards transverse patterns, even on top of the head.

The connections between transverse patterns in metabolic-limb animals and
longitudinal patterns in sense oriented ones may also be observed when both
patterns appear on the same animal! In the European wild cat for example,
the limbs and ddes of the body are vertically striped, while the head and
central back show a longitudina pattern. Here the two patterns merge subtly,
and the activity of the nervesense and metabolic-limb sysems becomes
visible on the same animal's coat. This pattern can be observed best in young
wild cats, but it can still be seen in somewhat faded form in adults and in
striped domesticated cats. The most complete interpenetration of these polaric
coloration tendencies is seen in the rosettes of the leopard and especially of
the jaguar, in which longitudinal and transverse striping tendencies have
apparently merged in the formation of spots surrounded by twisted rings
(Plate 81). The way in which these spots differ on the various parts of the
body allows us to observe directly the living processes of coloration.

It should be evident that tightly alternating patterns, with a tendency to
subdivide, are usually seen on the coats of the sensitive animals, while broad
patches of color appear on the more sedate species. There is dso a rare but
therefore even more interesting pattern in which large areas of black and
white alternate. The following species show this pattern:

Among the Carnivores. The panda of China
The harp sed of the Arctic
The ribbon sed of the Arctic
The Commerson dolphin off Cape Horn
The killer whale of al oceans

Among the Ungulates: The Malayan tapir

Among the Primates:  The ruffed lemur ]
The sfaca of Madagascar
The indri
The guereza of East Africa

83. Animdsin which large black and white aress dternate. From the top down, left,
ruffed lemur and guereza (1/17 X), right, panda, Mdayan tapir, harp sed, ribbon
sed, and Commerson dolphin (U5 X).
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None of these are extreme forms within their own groups, and an interplay
between contrasting colors is therefore possible. But in this case the patches of
color do not follow close upon one another, but remain large, thus
demonstrating the metabolic strength that is to be found in these animals
despite their basically rhythmic organizations. The panda, for example, is the
largest member of the rhythmically oriented raccoon family®®; by nature this
animal is strictly herbivorous, feeding on shoots and leaves in the bamboo
forests of its home. The above listed seds and dolphins are well-balanced
representatives of the metabolic branch of the carnivore group. The Malayan
tapir, as a central odd-toed ungulate, shows a striking ‘intermediate’
coloration, which fals between the narrow, black and white pattern of the
zebra and the uniform color of the rhinoceros. The ruffed lemur, sfaca and
indri, the largest of the lemurs of Madagascar, belong, like the guereza, to a
middle group (see pages 242, 255, 266), and yet at the same time they are
completely herbivorous and have a powerful metabolism.

A further application of the methods begun here would probably enable us
to reconstruct more accurately than ever before the colorations of extinct
animals. Yet even now certain conjectures seem possible, as in the case of the
Ice Age lIrish elk. Predictably, this largest of the deer had palmated antlers
and lacked any vegtige of upper canines. It must have been a thoroughly
metabolic animal, for each year it produced a new antler mass of nearly one
hundred pounds. A close relationship with the falow deer has long been
assumed, so that recongtructions of the Irish elk often show a coat covered
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84. The only known sketch of an Ice Age Irish elk, found in the French cave Pech-
Merle (Aurignacien, 1/20 X; Lemozi).




with white spots. Based on our observations of living animals, however, we
suggest that in al probability this animal had a uniformly dark coloration,
even on its ventral side. It is likely that even the young, like those of today's
moose, were without spots. This assumption may some day be confirmed by
cave paintings made by men who were contemporaneous with the Megaceros.
(The only sketch known today—found in 1922 in France—reveds nothing
about coloration.)

Mogt previous attempts to find meaning in the coloration of animals have
assumed that it always serves some purpose, either as an adaptation to ensure
survival in a particular environment, or as a signa for members of the same
species. Of course it is immediately apparent to any careful observer that the
uniformly white color of the polar bear and full-grown white whale is
connected with the snow and ice of their polar surroundings. The arctic fox,
blue hare, ermine (Plate 107) and northern least weasd take on this same
coloration in winter. Certain color patterns, such as the roe deer's white
rump, which is visibly displayed during flight, doubtless serve as dgns of
recognition or warning among members of the same species. But al this
explains only why such colorations might be retained, and not how they
could arise in the first place. The capacity to form a particular coloration
rests on the overall congtitution of each species. For countless patterns of
coloration simply cannot be explained either causally, as a response to certain
conditions in the environment, or as random mutations that have enabled
certain forms to survive. Portmann's statement (1960) still holds true.

We are surrounded by unaddressad phenomena that are intended neither to attract
the eyes of members of the same gedes or of a potentid mate, nor even to hide the
animd from hodtile eyes Above dl they represent visbly the unique character of an
animd or plant gedies . . . Once we have progresed to the dage of actudly
beginning to obsarve these unaddressad phenomena, they will show themsdves to us
even in cases that only a short while ago we bdieved to be narrowly crcumscribed,
expedient formations
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X The Shape of Time:
Reproduction and Death

Most mammas withdraw the reproductive processes from the direct
influence of the surrounding world to the interior of the mother's body.
Embryonic development has thus been removed from the field of direct
observation. Yet it has not lost its meaning for the biology of form. In
preceding chapters we have observed the shape of a mouse, a cat, or a
whale only in the adult animal, since it does not reved itsdf fully until the
animal reaches maturity. Early stages of development, however, as well as the
juvenile form and that of the aging adult, are equally meaningful for the
biology of form. Is a horse a horse only when fully grown? No, it is the same
entity in the ovum and as an embryo, as a newborn or haf-grown animal,
and even in its old age and in the manner of its death. Because the shape of
the adult organism makes such a strong impression on our senses, we forget
all too easlly that an animal is characterized fully only by all the stages it
pasxs through during its lifetime. The shape of the adult is highly significant,
but it is only one stage in the whole sequence of forms. If we observe this
sequence carefully, it too reveals an overall shape, but one that occurs in
time. In every organism—and none can be comprehended apart from its
processes of growth and decay—the spatial and the temporal are not
separate ways of being but are joined in the animal's form, in a manner
specific to each species. In observing this sequence, we shal attempt to join the
spatial shape with the corresponding chronological one, thus practicing a
biology of the living form in its entirety. In this way the very processes of
life and death take on meaning for the biology of form.

Plants' relationships to time and space differ from those animals. Form,
which in the plant takes shape in the progression of leaves that follow one
another chronologically along the stem, is expressed by the animal in space.
As a plant grows and its existing leaves no longer suffice, new ones are added
to the old. As a young animal grows, however, the old organs are themselves
gradualy transformed into new ones (Bockemihl, 1962). There is, for
example, no 'adult’ shoulder blade added to that of the young animal, but the
original organ is itsdf transformed. Nearly al of an animal's organs develop
in this way. The 'exceptions,' such as the crowns of the milk teeth, the antlers
of deer, and the hair, have logt their connection with the blood and cannot be
absorbed.



Since the animd is continuoudy destroying and creating anew most of its
organs, its spatial organization is more constant than that of the plant. It is
true, of course, that metamorphoss takes place during the earliest stages of
embryonic development, but this process soon comes to an end in the spatial
form characteristic of the animal. Also characteristic of each animal species is
its size: while a plant, under favorable environmental conditions, may grow
considerably beyond its normal size, an animal cannot do this. Particularly in
mammals, the chronologica development of the embryo leads quickly to a
definite spatial unity.

A correct interpretation of these facts leads us to conclude that the idea of
metamorphosis is expressed gpatially in the animal as the idea of
threefoldness. Metamorphosis and threefoldness, then, are not two ideas but
one, namely the idea of organism. If this idea is expressed primarily in
chronological form, metamorphoses appear; if it gives rise to a spatial shape,
we find polarities and their mediation: threefoldness. Both manifestations of
this idea are, of course, to be found in every organism, since each one is by its
very nature both formed space and formed time. Yet, it is not only to our
own consciousness that these two forms appear to be separate, for nature
itsdf digtinguishes between them. The plant, as we have observed, tends to
grow in chronologica form: its leaves and branches, once developed, retain
their original configuration. When it requires different organs it must add
new shoots and leaves, imperfectly achieving a finished spatial form only
when the growth of the stem has ended and the blossoms and fruits finally
appear. The form of the animal, too, undergoes metamorphoss, especidly
during embryonic development; but it early attains its spatial shape. It then
changes as a whole while preserving its nascent form.

We are normally able to observe an anima first in its newborn state.
Extraordinary variations in development are shown by the various species
when they come into the world. A baby sedl, for example, is at birth quite
smilar to its parents in shape. In other cases, however, it is impossble to
predict without prior knowledge whether the tiny, helpless creature will
prove to be a rabbit, a hamster, or a marmot. Portmann (1959) has compared
the newborns of higher vertebrates, as well as man; the following
observations are based on his findings.

The young of the various bird species adso leave the last protective sheath,
in their case the egg, in various stages of development. Godings, chicks and
ducklings are able to stand, sse and hear soon after hatching, while song birds
are born blind, naked, helpless and incompletely developed. These remain
long in the nest and must be cared for intensively by their parents, until they,
too, achieve some degree of independence. These polaric types have been
designated since the time of Lorenz Oken (1837) as precocial and altricial.
Although their use is normally restricted to the birds, Portmann (1959) has
applied these terms to the mammals, dividing them according to the degree of
development shown at birth.
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Altricial

Mice, rats and other members
of the mouse group,
Most members of the squirrel group,
Rabbits,
All members of the marten group,
Raccoons and bears,
Cats,
Dogs,
Shrews,
Moles and
Hedgehogs.

Precocial

Beavers,

All members of the porcupine group,
Hares,

The spotted hyena,

Sedls,

Whales,

Horses, tapirs and rhinoceroses,
Pigs and hippopotami,

Llamas and camels,

Chevrotains,

Giraffes, deer and bovine animals

i. e. the entire ungulate group).

It is immediately apparent that this divison corresponds to the contrast
between sense oriented and metabolically oriented groups. All hoofed animals
have precocial young, as do al metabolicaly dominated agquatic carnivores
(including the whales); among terrestrial carnivores only the spotted hyena is
precocial, and among the rodents, the beaver is, as well as members of the
strongly metabolic porcupine group. All altricial animals are sense-active: the
mice and squirrels among the rodents, carnivores of the marten group, as well
as the closdly related bears, and to a certain degree, even the cats and dogs. A
mere system of classfication would break down in the face of such an
apparently arbitrary distribution. The threefold idea, however, shows that the
distinction between the conditions shown at birth follows a definite order.
What then is the relationship between the nerve-sense organization and an
atricial birth condition, on the one hand, and the metabolic-limb
organization and a precocia condition, on the other? And is it not reasonable
to assume that a dose examination of the carnivores would reveal that they
occupy a 'median’ position between the other two groups?

The mice, as genuingly atricial animals, are born in large litters. After a
pregnancy of only three weeks, the European striped fidd mouse, for
example, gives hirth to as many as twelve offspring. Under favorable
environmental conditions (low humidity and a large food supply) as many as
seven litters may be born each year, and after a scant two months the young
reach sexual maturity and themselves begin to reproduce. The mice seem to be
in a tremendous hurry to raise their offspring; at birth these young are not
even completely formed. The eyelids, nasal and aural openings are still closed,
and the skin is hairless; in the spina cord the sheaths of the pyramidal tracts
are not yet present; the limbs can neither support the weight of the body nor
be moved in coordination; body temperature must till be regulated from the
outside; the red blood corpuscles have attained a degree of maturity
comparable to those of a four month old human fetus; six weeks after birth
nephrons are still being formed in the kidneys (Slijper, 1960). Literally born



too early, admost embryos bearing little resemblance to their parents, the
young lie hedpless in the nest and must be warmed, fed and cared for by the
mother (Plate 166). Most mammalswith altricial young have short pregnancies
(16 to 30 days), large litters (5 to 35 offspring), and incompletely developed
newborns. The squirrel, for example, opens its eyes only after thirty days.
All this points to the rapid and yet incomplete prenatal development of
these animas.

A cdf is born a a much higher stage of development. When it stands up,
within an hour of its birth, it immediately tries to run and by the next day is
quite able to do so. The newborn Eastern European saiga, closdy related to
the sheep and goats, can run so quickly on the first day of its life that a man
can scarcely overtake it (Grzimek, 1968). The typically precocial mammal,
then, is the ungulate. At birth it is completely covered with fur, and its shape
closely resembles that of its parents (Plate 155). As it grows toward maturity
its bodily proportions change only dlightly. For example, the caf's forehead is
at first somewhat rounded and its horns grow only later; its limbs seem to be
too long in relation to its trunk. But dl its sense organs are open and, like the
nervous system, completely functional (the sheaths of the pyramidal tracts
and the ventral nerve roots are complete; thus, while the increase in weight of
a mouse's brain from birth to adulthood is ninefold, that of the cow's is only
twofold). Its system of warmth regulation is complete, and its limbs are ready
for use.

How does the newborn ungulate come to be so strangely 'adult'? Its mother
devotes her metabolic strength amost entirely to the development of her calf.
During preghancy her metabolism is especidly active. An anima such as the
mouse, however, having a weak metabolism, is physiologicaly 'unwilling' to
accept pregnancy and frees hersdf from this condition as quickly as possible.
Yet the cow seems unwilling to part with her burden and carries her caf for
280 days. She forms and forms her cdf deep within the unconscious sphere of
her body, shaping it fully, until—almost too finished—it findly must be
born. Other animals with precocial young have gestation periods ranging
from 110 to 540 days* and give birth to one or, in rare instances, two or
more offspring. Embryonic development proceeds quite dowly, but so
thoroughly that the young are virtually complete at birth, and the
environment has little influence on their fina form.

The rodent mother, because she lacks the metabolic capacity to nurture
her young fully before they are born, must provide for them after birth,
through her own nervous activity in the outside world. The skillfully woven
nest of the harvest mouse replaces the uterus; warmth and care are provided
by the mother only from without. The cdf, on the other hand, developing
for such a long time in the metabolic region, itsef becomes an anima
dominated by the metabolism. The mouse, brought up amost from the be-

* These limits refer to the spotted hyena and the rhinoceros.
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ginning by the sense oriented activity of its mother, remains throughout life
a creature ruled by the sense system.

Might we not expect the carnivores to occupy a central position between
these two extremes? The sense oriented small carnivores are, in fact, com-
pletely atricial; the newborn weasd opens its eyes only after four or five
weeks. Metabolically oriented carnivores, as we have already indicated, are
genuinely precocial. The young of central carnivores, such as dogs and cats,
are usualy classfied as altricial, snce they are blind at birth. Still, they are
more completely developed than truly altricial animals: they are covered
with fur and are able to crawl immediately after birth. In duration of
pregnancy (fifty to seventy days), and in litter sze (two to eight young), as
well, they occupy a middle position. Portmann writes:

Cats and dogs occupy an intermediate position that corresponds to their degree of
specidization and organizational development (between the martens and the seds);
their young are indeed daltricial, yet at birth these are much more highly developed
than either rats or hedgehogs. It is no accident that even the number of young lies
somewhere between the above mentioned extremes (1959).
Dieter Starck, the eminent German embryologist, has come to a smilar
concluson: "The carnivores, both in type of ontogeny and degree of
cerebralization, stand somewhere in the middle (1955)."

Thus we find in the mammals three stages of maturity at birth, and these

sages correspond to the animals' threefold classification:

Rodents Carnivores Ungulates
| 1 i
4 ¥ % k ] "
Mouse Squirrel Porcupine Marten Cats Ses
Group  Group Group Group Dogs Whaes
" Beaver
Altricial Precocia Altricial  Intermediate Precocid Precocia

For the first time the exceptions are fully comprehensible. Metabolically
oriented rodents, such as beavers and members of the porcupine group
(Hystricomorpha), have precocial young. The carnivores are subdivided into
three groups. The hoofed animas are dmost always precocial; only in a few
central species, which tend to be somewhat primitive in development, is any
hint of an altricial condition to be found. Thus swine are less completely
developed at birth than other ungulates are. Their ability to regulate bodily
warmth is not yet independent, and their coats are not finished; the unusually
large litter (up to twelve young) is consistent with this overall picture.

85. Newborn rat (above right), dog, and calf (not drawn to scae).
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Thus each mammal tells us a birth, through its altricial or precocid
condition, both the general mode of its embryonic development and the form
its life will later take; atricial animas will become sense oriented, and
precocial ones will be dominated by the metabolism (Plates 166 and 170).

During or shortly after the birth of a mammal, its 'afterbirth’ appears,
composed primarily of the now superfluous feta membranes, which have
enclosed the growing embryo and transmitted to it everything needed for its
development. In order to study these embryonic membranes in terms of the
biology of form we must consider them in detail.

In the lower vertebrates, such as fishes and amphibians, developmental
stages similar to those undergone by the mammals are completed outside the
mother's body, in the water, and thus come under the influence of the entire
outside world. Among the reptiles (for example, the lizards) the embryo is
surrounded by yolk and protein substances and is covered with a
parchment-like shdll; yet it is still directly dependent upon the humidity and
warmth of the environment. In birds the solid, cacified shell, the nest, and
the externa incubation warmth provided by the parents replace the direct
influence of the surrounding world. But it is only in the mammals that all
these processes are transferred to the interior of the femae organism. If the
whole environment, in providing food, water, air and warmth, may be said
to form the 'embryonic membranes of the lower animals, we might dso say
that processes of the outer world have been transformed in the mammals and
in man to a kind of 'inner environment' composed of the four embryonic
membranes:

Yolk Sec

Amnion

Allantois

Chorion with Placenta.

These four structures arise out of the embryo itsaf; only in the formation
of the placenta does the maternal uterus play some part. Plate 81 shows the
position of the human fetus within its membranes. The outermost layer is the
chorion. In its earliest stages its entire surface is covered with evenly
distributed villi. Where these establish contact with the inner wall of the
uterus they grow outward and join with maternal tissue to form the placenta.
Where this contact is lacking the villi disappear and the chorion shows its
smplified form (the serosa). The embryo itsdf is surrounded by the
fluid-filled amniotic sac, in which the growing organism floats, protected
from the influence of gravity and from mechanica shock. The amnion is
simply a continuation of the embryonic epidermis and develops outside the
embryo as a transparent sac—In man the yolk sac and allantois are rather
small; after birth, the former is sometimes found as a tiny vesicle on the
surface of the placenta. Just as the amnion is a kind of extra-embryonic skin,
the yolk sac is the extra-embryonic portion of the developing gut. The



86. Sheaths covering the human embryo;
maternal tissues shown in black.
1) uterus, 2) mucosa of the uterus,
3) deciduate mucosa, 4) serosa,
5) amnion, 6) yolk sac, 7) allantois,
8) placenta.

alantois is an outgrowth of the hind gut. Internaly, it enters into the
formation of the bladder, and in some animals it is able to collect urine. Its
blood vessds eventually connect the placenta with the embryo's own
developing circulatory system. The umbilical cord, with its umbilical arteries
and vein, dso develops dong the alantois, connecting the embryo with its
membranes. (The embryologicad details that follow are based primarily upon
observations published by Starck in 1955 and 1959.)

All these membranes are cast off as afterbirth and usually eaten by the
mother—even in herbivorous animals. Only in a very few animas (such as
the moles, dasyures and bandicoots) is the afterbirth reabsorbed by the uterus.
The greater portion of the afterbirth is the placenta. As the connecting organ
between the embryo and the maternal organism, it can provide us with
detailed information about the nature of the connection between the two.

The placenta may adhere closdy to the uterus of the mother. In this case a
loss of blood precedes the placentas discharge after birth. This type of
placenta enters so deeply into the mucous membranes (the decidua) of the
uterus that they are destroyed. Since the time of Huxley (1871) this placental
type has been called deciduous, while the opposite type, in which the uterine
membrane remains intact during pregnancy and the blood connection between
mother and embryo is not as close, is designated as nondeciduous. At birth
such a placenta is easily detached from the inner surface of the uterus and no
loss of blood occurs.

It might seem reasonable to assume that a deciduous placenta type is to be
found in the ungulates, snce we have already noted the clase connection
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between the cow and her unborn caf. This close contact, however, cannot
arise from an increased physical connection through the blood, for just the
opposite is the case. The ungulates have nondeciduous uterine membranes,
while the rodents have deciduous ones.

Rodents  Carnivores Whales Ungulates

Deciduata Nondeciduata

The nondeciduous type has often been regarded as incomplete, and the
deciduous one as fully developed; and this interpretation is certainly correct,
because every deciduous membrane is ontogenetically at first a nondeciduous
one. Yet it has led to the conclusion that the rodents must therefore be more
highly evolved than the ungulates are. The results of comparative-anatomical
and systematic studies, however, directly contradict this assumption; for a
rodent's body is certainly far less developed than that of an ungulate. This
contradiction has thus far defested all attempts to find a systematicaly
consistent theory of placentation (sse Portmann, 1938; Starck, 1959). We
shall return to this question at the end of the present chapter.

In the ungulates the placenta develops around the whole chorion, whose
entire surface is covered with delicate villi that attach to the uterine
epithelium without destroying it. Thus, contact with the mother is established
not through a direct exchange of blood, but through a peripheral contact
between the entire surface of the chorion and the uterine wall. The placenta
completely encloses the embryo.

Early in its development the rodent's placenta establishes contact with the
uterus, but only in the one area where the blastocyst has penetrated to the
endothelium of the maternal blood vessels. Thus, athough the placenta enters
so deeply into maternal tissues that it reaches the blood stream, this contact is
restricted from the beginning to a small part of the chorionic epithelium.
What a difference in form there is between the ungulate's placenta, which
completely envelops the embryo, and the centered placenta of the rodent!
Significantly, the beaver, as a metabolically oriented rodent, deviates dightly
from this centered form and has instead a placenta shaped like a kidney.

What form does the carnivore's placenta take? It is neither completely
centered, nor does it envelop the embryo from all sides; rather, it has a form
that mediates between the two extremes. It surrounds the central area of the
embryo and forms a broad, closed band; this remarkable organ of the central
carnivores is called the zonary placenta™. In extreme representatives of this
group this basic form may undergo certain variations. In the raccoons, for
example, the band is not completely closed (incomplete zonary placenta); in
martens and polecats it divides into two discs (bidiscoida placenta). The
seds, like the cats and dogs, have a genuine zonary placenta. In the whales,
however, the placenta has the same enveloping form as that of the ungulates.



87. From the top down, fetuses of the mouse, with discoidal placenta; the dog, with
zonary placenta; and the pig, with diffuse placenta (not drawn to scale).

Thus we find the following distribution of placental types:

¢

Rodents Carnivores..__ Ungulates
..J:""F# + T
Marten Most Whales
Group  Representatives
Discoidal Incomplete Zonary Enveloping Placentas
Placenta Zonary Placenta Diffuse Diffuse and
Placenta Cotyledon

Portmann (1938) was the first to emphasize the importance of the
differences among the various placental forms. He called these three the
‘cumulate,’ 'mixed type and 'plicate’ placentas, based on a differentiation
established by Assheton in 1910.
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The microscopic structure of the different placentas is aso important.
Grossr (1908-9) was among the first to attempt to establish an orderly
classfication of placental types on the basis of their microscopic structure.
Where fetal and maternal tissues contact one another through the placenta the
following layers are present between the two blood streams.

Endothelial Syndesmic Uterine Chorionic Syndesmic  Endothelial Blood
wall of the connective epithe- epithelium connective wall of the  stream

tissue sur- lium tissue of the chorionic of the
blood vessds  rounding chorion blood vessds  embryo
the materna
blood vesds
Maternal Tissues Fetal Tissues

The chorion of the embryo remains whole throughout pregnancy. If the
connection with the uterus is loose, as is the case in animals with
nondeciduous placentas, the uterine epithelium adso remains whole. In this
caxe the uterine epithelium and the feta chorion together form an
epithelio-chorial placenta. If the uterine epitheium is destroyed by the
embryo the chorion comes into contact with the connective tissues of the
uterus and forms the syndesmochorial placenta. If the connective tissue, too,
is dissolved, so that the chorion comes into direct contact with the endothelial
walls of the maternal capillaries, an endothelio-chorial placenta is formed.
The highest developmental stage is reached when the chorion dissolves even
the endothelium of the maternal blood vessds and is bathed in maternal
blood, so that a hemo-chorial placenta results. This detailed view permits us
to make distinctions more exact than that made between nondeciduous and
deciduous placentas. And these distinctions also enable us to examine closaly
the various methods of providing nourishment for the developing embryo.
The mgor placental types, then, are distributed among the mammals as
follows:

Epithelio-chorial placenta: Ruminants, camels, pigs, whales.
Syndesmo-chorial placenta:  Ruminants, horses.
Endothelio-chorial placenta:  Carnivores.

Hemo-choria placenta: Rodents, hares, and most insectivores.

The rodent embryo has the most direct physical connection with the
maternal blood stream. With vehemence the blastocyst penetrates the tissue of
the mother; the maternal blood stream immediately supplies it with all the
substance it requires. This cdose, concentrated blood connection permits
oxygen to enter the embryo and carbon dioxide to be removed from it quite
easly. The initial, oxygen-poor condition of the developing embryo's blood
stream ends early, so that its blood soon arterializes. Nourishment is passed
on to the embryo in a similarly direct manner. Directly from the mother's
blood stream the embryo receives nourishing substances in the finished, easily



assimilable, concentrated form in which they are always found in the blood.
The exchange of substance takes place in the least complicated manner
possible. Naturally, even in the rodents the maternal blood stream does not
flow directly into the circulatory system of the embryo; rather, the chorion,
whose surface area is increased by numerous villi, sdects only what the
growing organism requires. Nevertheless, this placental barrier is
morphologically and physiologically quite thin in the rodents. Yet despite the
fact that the embryo receives such rich nourishment so early in its
development, only atiny, nervous rodent will finally be born.

In the ungulates the contact between mother and child is quite different.
Generadly, an epithelio-chorial placenta is found. Through the fully intact
uterine tissues any rapid exchange of substance is extremely difficult. Oxygen
and food, carbon dioxide and waste materials are transmitted less through
direct exchange than through an increased activity of the living tissue that
mediates between the embryo and the mother. The embryo therefore remains
in a more venous than oxygen-rich condition. This method of exchanging
gasss is less direct than that of the rodents, but it dso demands life processes
far more intensive than theirs.

Members of the swine group, for example, develop an epithelio-chorial
placenta. The villi are evenly distributed over the entire surface of the
chorion (diffuse placenta) and adhere closdly to the uterine epithelium, which
receives them into its corresponding depressions. Also distributed over the
surface of the chorion are about 10,000 areolae, which form wherever the
chorion is not in direct contact with the uterine epithelium. Here, glands in
the materna mucous membranes provide a specid kind of nourishment,
uterine milk, or histotrophe. This is the earliest form of feta nourishment
and in the pigs it is supplied throughout the entire gestation period. Two
different modes of nourishment are employed simultaneoudy: wherever villi
are formed, substances pass to and from the maternal blood stream, so that
the exchange of gases and the excretion of wastes occur primarily here (in
the hemotrophic areas); where the chorion is free of villi and forms areolae
(in the histotrophic areas), on the other hand, the absorption of uterine milk
takes place instead. In the villi, primarily arterialization and excretion occur;
in the areolag, in a venous state, the processes that build up the organism take
place. In the pigs both areas are equally distributed over the entire chorionic
epithelium and are in cose contact with one another.

This placental type, with its evenly distributed hemotrophic and
histotrophic areas, clarifies the contrast between the placentas of horses and
cattle. In the horses histotrophic areas are confined to large depressons in
the mucous membrane and may be as much as 4 inches (or 10 centimeters) in
diameter; here, the uterine epithelium disintegrates, so that the placenta
actually becomes syndesmo-chorial in places. Hemotrophic areas of the horse's
placenta remain diffuse and epithelio-chorial.

In the cattle and in most ruminants with frontal processes this situation is
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reversed;, the early, histotrophic form of nourishment remains dominant
throughout the entire gestation period. This remarkable uterine milk is
secreted by the fully intact uterine epithelium into the gap between the two
surfaces of epithelial contact; here it is dowly absorbed by the smooth walls
of the chorion. Hemotrophic areas, on the other hand, are confined to regions
prepared for them by the uterus (the caruncles). Only here does the chorion
develop villi, which adhere closdly to the depressons in the intact uterine
epithelium and actively edtablish contact between the maternal and fetal
circulatory systems. These narrowly restricted, disc-shaped regions of
chorionic villi are caled cotyledons and correspond to the caruncles of the
uterus. Together, each pair forms a placentome. In the cow, between 50 and
150 of these centers of hemotrophic nourishment, each about 2 centimeters (34
inch) in diameter, are evenly distributed over the surface of the placenta. This
type of placenta, therefore, is often caled a cotyledon placenta (Plate 183).
In comparison with the diffuse placenta of the pig, the cow's placenta has
increased its histotrophic areas, while hemotrophic activity has been resticted
to the well spaced cotyledons. Thus the placenta of the bovine animals
contrasts totally with the strictly centered, completely hemotrophic,
hemochorial placenta of the rodents™.

In deer the number of cotyledons is greatly reduced (only 5-10); these lie
closer together than those of the cattle, however, and may attain a diameter
of up to 4 inches (10 centimeters). In the placentas of sheep and deer, unlike
those of the cattle, the epithelium is often destroyed in the caruncles, so that
the placenta, in its hemotrophic areas, becomes syndesmo-choria. Like the
horses and pigs, tapirs, rhinoceroses, hippopotami, camels, chevrotains, and
even musk deer do not have cotyledon placentas, but diffuse ones.

The zonary placenta of the carnivores shows a distinctive form and mode
of fetal nourishment. The chorion does not penetrate to the blood stream of
the mother, but only as far as the endothelium (endothelio-chorial placenta).
Thus, in the carnivores, even the method of exchanging substances takes on
an intermediate form. Hemotrophic nourishment reaches the embryo through
the uterine endothelium and chorionic villi neither so directly as it does in the
rodents nor so ‘complicatedly’ as it does in the ungulates. Venous and arterial
processes balance one another. Especially characteristic is the course taken by
the histotrophic nourishment. Along both edges of the zonary placenta blood
flows out from maternal blood vesss into open tissue gaps; thus natural
hemorrhages caled marginal hematomas develop aong both edges of the
placenta. This clotted blood forms the histotrophic nourishment absorbed by
the adjacent chorion (Starck, 1955). In the rodents, histotrophic nourishment
ceasss amost entirely once the placenta has been formed, and the embryo
receives only hemotrophic nourishment; in the ungulates a histotrophic form
of nourishment composed chiefly of glandular secretions prevails. Yet the
developing cat embryo, for example, receives blood in the form of
'histotrophic’ nourishment.



Thee differences are not simply interesting curiosities, for the growing
embryo receives through the placenta a form of nourishment that
approximates the type of food it will later receive from the surrounding
world. Mouse and sguirrd embryos, for example, receive a concentrated,
highly nourishing food that is absorbed through a very thin placental barrier;
the carnivore embryo receives clotted blood; and the unborn caf feeds on
uterine milk, an almost 'plant-like," bloodless glandular secretion that grows,
as it were, within the organism of the mother. The hemotrophic nourish-
ment of the mouse embryo requires amost no digestion; the primarily
glandular histotrophic nourishment of the developing cdf embryo gently but
continuously stimulates the metabolism to develop a powerful digestive
system; the hemo-histotrophic food of the carnivore embryo helps it to
develop a central organization. What takes place before birth outside the
body of the embryo gives rise to capabilities that will be fulfilled by the
digestive organs within the animal's body only after it has been weaned.

In cattle the maternal organism (through the uterine glands) is especialy
active in creating the internal environment. In rodents the embryo itsef is the
more active organism, 'eating' its way into the blood stream of the mother
and taking for itsdf whatever it needs. Something of the cow's ability to
adjust to its environment and to be satified with smple food is indicated
even by the embryo, as is the tendency of the mouse, on the other hand, to
race toward some goal, chewing and destroying everything it finds along the
way. The mouse must actively search for its nourishment, while the earth
freedly gives to the cow al it needs. Thus the activity of embryonic
development arises in the rodents from the many separate embryos, while in
the hoofed animas it sems more from the activity of the mother. It is
therefore not surprising that a pregnant mouse rids hersdf as early as possible
of her incompletely developed young. Rather than providing a protective
sheath for her offspring, she prefers to serve as the central figure in the world
that surrounds them. We can aso understand why the hoofed animals bring
into the world such fully developed, precocial young. For the unborn
ungulate long enjoys an enveloping, utterly devoted maternal organization
and in such an inner environment can grow so strong that it is later able to
bring into the outside world tranquility, health, and abundant energy.

In the carnivores these polaric processes are brought together and expressed
in many different ways. As we might expect, the marginal hematomas are
larger in the dogs and play a more important role than they do in the cats.
The hematomas of the cats are brownish-red, while those of the dogs are
greenish; apparently this extravasated blood is more hemic in the cats than it
is in the dogs. The dog's placenta, unlike the cat's, may be recognized
immediately by an additional glandular layer, which produces further
histotrophic nourishment; this layer is especialy well developed in the seds
In the latter there are no hematomas, so that a primarily glandular form of
histotrophic nourishment is provided. The whal€'s placenta surrounds the
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embryo completely and is epithelio-chorial; the uterine membranes of these
strongly metabolic relatives of the carnivores are therefore nondeciduous. The
placentas of martens and bears have a variety of blood-filled sacs that
increase hemotrophic nourishment. In the central carnivores, the cats and
dogs, however, food that is at the same time hemotrophic and histotrophic
reveals the balanced relationship between mother and embryo and between
the adult carnivore and its surroundings. In these animals venous and arterial
processes have a baanced, rhythmic relationship. Even such detailed
observations attest to the validity of our threefold classification of the higher
mammals.

Because the workings of the microscopic, earliest stages of embryonic
development cannot be directly observed by the non-specialist, their
discusson has been omitted here. Readers who are interested in pursuing this
matter in terms of the biology of form should refer to the original, German
edition of this book.

A true picture of the processes leading to birth can be attained only when
the death of the animals is also taken into account. A few introductory
remarks may be in order, since today not only our relationship with the
living world of nature, but particularly our understanding of its connection
with death, have been disturbed (Schad, 1970). Not only man brings death
into the natural world, but nature itsdf is constantly reducing its own
numbers. In nature the mgjority of individuals entering life die not of old
age, but prematurely; more offspring are born than can possibly grow to
maturity. Out of this surplus other animals are fed. Yet the fact that an
anima kills a plant or another animal in order to preserve its own life is
experienced in very different ways by different people. How diversay
various people react to a cat catching a mouse (Plate 173) or a hawk seizing
a sparrow! And how much more complex the problem becomes when man
himsdf interferes with the animal world and kills.

Ortegay Gasset has written of the hunter:

He hes no find and absolute certainty that his behavior is correct. But we mugt
understand this aright; he is dso not sure of the opposite.... All this is not meant
as a aitidam of hunting, but this feding of uncertanty sheds light on the universd,
problematic, ambiguous nature of our rdationship with the animas

What, then, is the death of an anima? Perhaps the animals themselves can
give us an explanation of their relationship with death. For the various
animals not only live differently, but they also die in very different ways.

It should be emphasized at the outset that the predator lives in a genuinely
symbiotic relationship with its prey. Thus, if a hunter shoots all the foxes in
his preserve in order to hunt al the rabbits himsdf, these become weak and



Sck in the course of a few generations, since unfit animas are no longer
weeded out by foxes. If the hunter then reintroduces foxes, they may well Kkill
al the rabbits, since none is strong enough to escape! Then, not only the
rabbits die, but the foxes as well. This rather smplistic example should
indicate that in undisturbed nature there is a delicate biologica baance
between predator and prey. In the relationship between fox and rabbit, pine
marten and squirrel, or weasd and mouse, we have before us a genuine
symbioss, for a natural numerical balance enables both predator and prey to
remain healthy. Zisweiler, in a careful study of the relationship between
carnivores and deer, makes the following statement:

... The unhindered numerica increase of a particular pecies may ultimately lead to
its sdlf-destruction. In an anima preserve in Arizona al pumas, coyotes and wolves
were shot in order to protect the deer. As a result, the deer increased to such an
extent that they destroyed all the vegetation and this in turn led to wholesale
starvation. We may therefore conclude that the pumas and wolves actualy kept the
deer dive.

A dmilar example is cited by Grzimek (1968) in his discusson of the
necessary connection between moose and wolf. This relationship is so basic
that it applies not only to mammals but to al organisms that live off one
another, for by maintaining a symbiotic relationship they dso live for one
another.

Among the mammals, rodents and closaly related species typically serve as
prey. We need only cal to mind the hares, rabbits, ground sguirrels, and
squirrels to prove this point. The mice in particular serve as the basic source
of nourishment for al European carnivores. Most mice do not die of old age,
but quite naturally as prey. All the rodents, particularly the mice, are
actually congtituted for this purpose. They die quite easily; even a severe
fright may kill a mouse. Its life seems to hang by a thread. The wood mouse,
with its natural life span of only ten months, has the shortest lifetime of any
mammal (Slijper, 1967).

In no other mammal group do we find ways of dying so remarkable as
those of the mice. Cannibaism, for example—the eating of other members
of the same species—occurs in other higher animals only under abnormal
circumstances. Occasionally, an animal giving birth for the first time devours
stillborn, or even wesk offspring together with the afterbirth; sometimes she
may even eat the entire litter. Such behavior has been observed at times
among carnivores and swine. In the rodents, however, this behavior is quite
typical. The instinct of caring for and nursing the young often develops only
after the second or third litter. Apparently, the nerve-sense system's constant
drain on the rodent's own metabolism extends easily to the newborns, which
are still closgly connected with the body of the mother.

But cannibaism even among adult members of the same species is found
among the rodents, as well as the insectivores. Edible and garden dormice, for
example, hibernate in groups, congregating in burrows they have dug to
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protect themselves from the cold. The animas waking earliest in spring
normally appease their initial hunger by eating others that are ill adeep.
Brown rats of different nesting communities wage fierce battles with one
another, fighting until one opponent succumbs and is eaten by the other. The
dormice and rats, aswe recall, are central, 'carnivorous' rodent species.

Still more remarkable is the behavior of the northern European Norway
lemmings®. These colorful relatives of the voles pass the harsh northern
winters in the subalpine regions, where they live in burrows beneath the snow
and feed upon lichens and moss. When the snow begins to met in early May,
they migrate to the great peat bogs where they breed; at the beginning of
August they return once again to their winter home. These short migrations
recur year after year, unnoticed by man. It occasionaly happens, however,
that these animals reproduce in numbers that are far too great. Litters are
born more and more frequently and in ever larger size. When this massve
increase has reached a certain point, the maes in particular abandon their
accustomed living places and gather in marching columns of tens of
thousands. They travel during the night and when groups are very large, even
by day, covering up to ten miles daily. Unswerving in their direction, they
march across the countryside and swim across the rivers. Lack of food is
certainly not the cause of this migration. Under normal conditions, strictly
herbivorous—they eat amost nothing but moss—they turn now to cannibaism
and eat those of their own number that have died of exhaustion.

Short, rapid migrations generally occur at the time of the spring thaw, while
longer ones, with frequent interruptions, begin in late summer or early fall.
These may even extend over two summers, so that the animals cover distances
of up to 150 miles. Without apparent goa they move generdly east or west
in Scandinavia, north or south in Finland. Nothing but death awaits most of
them. When they reach the sea they do not turn back but run into the waves,
swim for a short distance, and finally drown. By this time many have already
frozen to death on the glaciers. Even during the journey they lose al fear of
death and offer themselves as easy prey to the innumerable owls, vultures,
ravens, martens, wolverines, foxes, and others that follow them. Even
reindeer eat them at this time. At the seashore they are met by seds, as well
as seegulls and other shore birds. 1938, 1942, 1946, 1955, and 1959, for
example, were lemming years. Every three or four years such a massive
increase in population occurs but does not aways reach large enough
proportions to cause migrations. Even when these do take place, a small
remnant aways remains behind to preserve the species. The mass migrations
of the Scandinavian lemmings often occur simultaneously with those of the
Finnish, North Asian, Canadian, and Greenland lemmings. An entire group
of related species is thus decimated at the same time. As a species, then, the

88. The Norway lemming, with its blunt snout and short tail, is obvioudy a member
family (V15 X).
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greater part of the lemming population behaves in such a way that it invites
death. These rodents not only serve as prey for other animals, but even behave
in amanner contrary to life.

Many biologists consider this behavior of the lemmings 'atelic,’ unsuited to
any purpose, dnce it certainly represents the opposite of the struggle for
existence. But is it really biologically sensdess? For the individual animal at
that particular moment, yes, but by no means for the entire species. For the
goecies thus controls a population increase that could destroy the food
supply as well as the biological equilibrium necessary for the survival of all
the animas in its range. This biologica equilibrium is restored during
migrations, for at these times all carnivorous animals feed amost exclusively
on lemmings and receive from them a biological impetus. The white ow! of the
far North, for example, breeds only in such years of plenty. During migration
the individual lemming gives up &l functions that would preserve its own life
and in so doing preserves its entire species and the environment that supports
it. A survey of animals making such mass migrations yields the following list
(after Kalela, Cohrs, and Kohler):

Norway lemming
Siberian lemming

| only in the spring
Brown lemming, northwestern United States |

Wood lemming, Finland (mostly females)
Arctic lemming, northern Asia
Various rodentsin Chile

usually in summer or fall

In rarer instances:

Socid vole, northern Asa
Brown rat, Eurasia

Squirrel, northern Eurasia
Grey squirrel, North America
Red squirrel, North America

A similar, though less extreme, phenomenon takes place among the European
common voles. When environmental conditions are right (in dry summers with
ample food supply) their numbers increase to the point of overpopulation.
Within 10 months a single pair of voles can theoretically produce up to 2550
offspring, since succeeding generations are themsdaves able to reproduce after
only 15-20 days, gedtation lasts only 21 days, and each litter condsts of
4-12 young. At the height of such a massive increase (about 30,000 voles per
hectare), no migration takes place; but well fed animals for no apparent
physiological reason begin to tremble, become exaggeratedly nervous and
quarrelsome, and are severdy dffected by dightly adverse environmental
conditions, such as bad weather. They crouch hunch-backed, their hair
bristling, and become incapable of coordinated movement. In the fina Stages
the animals stop eating, their body temperature fals, and they die of a



sudden drop in the glucose level of the blood (hypoglycemic shock). A few
of the stronger individuals manage to survive by resorting to cannibalism—
despite the fact that they are strictly herbivorous under normal conditions—
and thus preserve the species.

This epidemic death, which occurs without illness, lack of food, or any
other visible cause, is typical of many rodent species. This phenomenon is dso
known to occur among the following species:.

Bank vole (Cohrs and Kohler)

Striped fidd mouse (Mohr, 1958)

Harvest mouse, primarily in Russia (Mohr, 1958)

Indian gerbil (Sanderson)

Mice and ground squirrels of the Caucasus (Cohrs and Kohler)
Greenland collared lemming (Cohrs and Kohler)

Snowshoe hare of North America (Cohrs and Kohler).

This mass death occurs in the various species in overlapping periods of three
to four and five to ten years, often taking place smultaneoudy, particularly
in the arctic regions (Cohrs and Kohler).

Such phenomena demonstrate the rodent's specia relationship with death.
Its natural inclination to die extends as far back as the embryonic period.
Brambell has discovered that among the wild rabbits (a group closdly related
to the rodents) of northern Wales, sixty percent of the embryos that begin
development normally die before birth and are reabsorbed. The peak of this
embryonic death occurs at about the twelfth day of the thirty day gestation
period. Only those embryos that have been large from the very beginning
survive (see dso Grzimek, 1965). It has dso been discovered that twenty-five
percent of water vole embryos generally dissolve when they reach a sze of
one millimeter (Mohr, 1958).

How different is the ungulate! Its death is hard. Naturally, the life span of
such a large animal is much longer than that of a mouse; but the ungulate
also possesses a much greater vitality, since the upbuilding metabolic processes
predominate in it. Even an old, enfeebled anima ill needs a strong blow
from the outside world (in the form of disease, predators, and so forth) to
force it to give up its life. Its powerful metabolism alows this anima to find
contentment in the gathering and transformation of food, in growth,
pregnancy, and the production of milk. It is only with reluctance that the
ungulate gives up its life. It fends off predators more successfully than other
animals can and therefore dies prematurely much less frequently than they
do. The bison, African Cape buffalo, eland, hippopotamus, rhinoceros, and
elephant, because of their great size and strength, are rarely attacked by the
carnivores but are irritated instead by tiny parasites; only the young need
be defended from attack.

The metabolicaly strong body dies hard. An extreme example is the South
American doth. This anima does not belong to any of the groups discussed
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so far, dnce it is not found in the Northern Hemisphere but belongs instead
to the remarkable world of mammals typical of the Southern Hemisphere.
The doth's excessively developed metabolic organization is illustrated by its
very exaggeration. It can go for days or even weeks without food and still
fal to show any ill effects. Predictably, it eats only plants. About once a
week urine and feces are deposited in large quantities beneath the tree in
which the doth last fed. All incisors are lacking! This animal would never
suspect that nervousness or haste might exist somewhere in the outside world.
For the hunter, shooting such an animal can be a very unpleasant experience;
even when hit directly severa times, it dies extraordinarily sowly. "Severe
wounds are borne with the indifference of a corpse. Often, these animals do
not even change position when hit by a shotgun blast. According to
Schomburgk these of all animals have the longest resistance to the terrible
curare poison of the Indians" (Brehm).

Thus, great polarities are presented to us in the exaggeratedly sense
oriented animals and the excessively metabolic ones, even in their ways of
dying. And it is only by perceiving these two polarities that we are able to
understand the carnivore's speciad relationship to death. The rodent is
congtitutionally weak and its death is physiologicaly easy. The ungulate,
with its enormous vitality, defies death as long as possble and dies with
physiologica difficulty. The typical carnivore, however, attacks. It exposes
itself equally to life or death. With death as well as life it has an active
relationship.

A study differentiated in this way enables us to approach in a redistic
manner the many questions connected with the death of animals. We are able
to see that just those animals most frequently eaten by others find it least
difficult to die. The prey, through its very constitution, meets the predator
halfway; their symbiotic relationship is much closer than is generally
assumed.

The relationship between birth and death is dso clarified. The rodents die
as easily as they are born. Hurriedly and in great number, these primarily
senxe oriented animals enter life; and they leave it in the same way. An
accelerated embryonic development, which in the early stages skips over
many intermediate steps, is characteristic of these animals. The picture is
complete when we redize that they are able to meet death just as
precipitously.

The ungulates show opposite tendencies. In the earliest stages of embryonic
development, preliminary formations, such as the first embryonic tissue and
the amnion, are abandoned and reintegrated into the trophic tissue of the
germ. Only after these events have taken place can embryonic development
really begin (Starck, 1959). The formation of the body passes through
additional intermediate stages and its development is retarded thereby. Yet
the final result is a highly developed, well advanced physical organization.



Thus it is only with difficulty that the hoofed animal gives up its life. For
just as it delays its entrance into life, so the metabolic animal delays giving
up an existence it so enjoys. Not only the spatia shape, then, but even the
chronological forms of the sense and metabolically oriented animas are
polaric. Each acceleration of development leads to a physiologically weak,
sensitive constitution, while each retardation leads to a powerful constitution
that is metabolically strong.

Zoologists are correct in placing the ungulates developmentally above the
rodents. Yet the placenta of the hoofed animas, as we have mentioned, is
more primitive than that of any rodent. This fact led Strahl (in 1902) to call
the ungulate placenta a semi-placenta and that of the rodents a placenta vera.
He aso assumed a corresponding evolutionary development leading up from
the ungulates to the rodents, but this point of view is at variance with all
findings on the morphological organizations of these animals, since a cow is
clearly more highly developed than any rodent is. Today, this apparently
insoluble problem is frequently avoided by assuming that the characteristics of
embryonic membranes are simply adaptations to the temporary environment
of the uterus, and therefore of no morphological or evolutionary significance.
According to the biogenetic law*® one might expect the more primitive stages
of development to precede the more advanced ones, so that the semi-placenta
would precede the placenta vera. Among the three principal groups of
mammals, however, this is the case only in the carnivores. The rodents
completely omit the primitive placental stage, in which the placenta
surrounds the embryo, and immediately develop—at an accelerated pace—
a hemo-chorial, discoida placenta. The ungulate placenta, however, is
retarded in its development and throughout gestation remains in the
primitive, epithelio-chorial stage. These variations are absolutely consistent
with the chronological forms of such one-sided animals and may be
understood accordingly.

Ernst Haeckel, when he formulated the biogenetic law over a century ago,
stated that in addition to the strict adherence to this law (palingenesis), there
are adso deviations (cenogenesis) from it. In this example of placentation we
can trace the orderly manner in which al cenogenetic phenomena deviate
from the expected biogenetic development, for they deviate in one of two
directions: All highly sense oriented animals omit the usua transitional stages
and accelerate their development. All strongly metabolic animals add
intermediate stages and retard their development.

Despite the fact that such phenomena have prompted biologists to question
the validity of the biogenetic law, the threefold method of observation opens
the way to a solution to this basic problem of biology. Acceleration and
retardation can be understood as ordered variations of the biogenetic law.
This law should by no means be sat aside, but applied in a wider sense, so
that we might come to understand the shape of time, as shown in the life
histories of the various animals.
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X1 The Shape of the Environment

One of the primary aims of our method has been to broaden our ordinary
concept of space as an empty vessdl containing the living world. For, as we
have seen time and again since the second chapter, space encompasses not
only the three dimensional system to which we are accustomed, but two other
sysems as well. On the bass of this premise alone can the biology of the
threefold form attain a real, and not merely formal, content.

When we examine the various habitats of the mammals more closaly than
we have done thus far, we encounter many conceptua difficulties. For the
landscape, too, is often regarded smply as a container in which this or that
occurs, in which the animal is compelled to live, and to whose conditions the
animal must adjust somehow, if it hopes to survive. But what do the animals
themselves tell us about their surroundings?

Since we are studying the mammals, let us first compare their relationship
to the surrounding world with that of the vertebrates in general. The lowest
group of vertebrates (or, more accurately, chordates) has a primitive hollow
nerve cord—the forerunner of the spinad cord—whose anterior pole is
further developed by the fishes to form the brain. The central nervous system
is the fishes distinguishing innovation and separates them from the
invertebrates. In the amphibians, the next higher class, the gills are replaced
by lungs, so that the function of breathing is transferred to the interior of the
body. Nevertheless, the amphibian continues to depend upon the moisture it
receives from its environment. The reptiles are the first group to be freed
from this dependence, snce they, by means of their horny armor of scaes
have attained a closed fluid system. They, too, however, are ill directly
dependent upon the external temperature (they are cold blooded). The birds,
the next higher group, are finaly independent even of the environment's
warmth; their constant body temperature has given them an independent
system of warmth.

Through what processes, then, do the mammals achieve a degree of
independence from the environment even greater than that of the reptiles?
Through the processes of reproduction. In birds and egg-laying mammals
(monotremes), the offspring develop outside the mother's body, in a nest; in
the marsupias they develop in a brood pouch that opens externally. Only in
the placental mammals does the development of the young take place entirely
within the uterus of the mother. Precisdly because the young are so long
protected from the direct influence of the outside world, the placental animals



have become the most highly developed animal group. Even their first food
does not come to them directly from the outside world, but from the
mother's body, in the form of milk. The name 'mammal’ is itsdf an eoquent
expression of this evolutionary step forward.

The following chart summarizes the way in which the animals have
gradually attained an increasing degree of independence from the outer
world. Note aso the sequence in which life functions have been internalized:

Fish Amphibian Reptile Bird Mammeal
Central nervous Breathing Fluid Warmth Reproductive
Sysem System System System System
Brain Lungs Heart Viscerd Uterus

organs

It is apparent, then, that the nerve-sense sysem preceded al others in
developing self-contained independence. Since this system is centered in the
brain, the higher animals developed their increasing independence of the
environment from the head downward. The center of breathing was
developed in the lungs by the amphibians, and that of the fluid or circulatory
system was developed by the reptiles, in the heart; the crocodile, as the most
highly developed reptile, has a closed heart septum™. An independent warmth
system first developed in the birds. The uterus developed as the center of the
reproductive processes in the mammals. Once the nerve-sense, middle, and
finally the metabolic and reproductive sysems had become self-contained, the
mammas had achieved the highest degree of independence from the
environment possible for any animal.

What we see here—and this must be emphasized—is not the creation of
a new organic sysem, so much as its emancipation from the direct influence
of the outside world. In the fishes, too, the exchange of gases and circulation
of the blood take place. These animals are able to produce warmth through
muscular activity and also possess reproductive organs and even two pairs of
fins as rudimentary 'limbs." But the gradua shifting of the fluid and warmth
systems, as well as embryonic development, to the interior of the body—or
at least a growing independence of these functions from the outside world—
generally took place only in the higher vertebrates®™.

Does the emancipation process we have observed come to an end in the
mammals, or do we find among these animals, too, an organic sysem that
limits them to a particular environment? The limbs congtitute just such a
system. The shove-like claws of moles, the wings of bats, the climbing-claws
of squirrels, the flippers of seds and whales, the leg and hoof specidizations
of ungulates, the hanging-arms and grasping-feet of apes, to name a few
examples, are strictly dependent upon the particular environment of each
animal species. Because of its limb-sysem the mammal, too, is an 'open
organism." In this sphere the environment and the mamma form an
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indivisible functional unit. How is this close relationship constituted? While
there is no specific, predetermined environment for all carnivores or for all
ungulates, we have encountered in previous chapters many isolated examples
of such relationships. These we shal now compile.

Which mammals choose the water as their environment? We first discussed
this question in reference to the otter (Plate 109). The masterful strength of
its playful movements; its effortless speed; its self-assurance and tranquility;
its size in comparison with the marten (large without seeming ungainly)—all
this led us to conclude that the otter is a centra anima secondarily
influenced by the metabolism. This relationship we established as a rule,
confirmed time and again: If originally terrestrial members of a central group
develop a strong metabolism, they secondarily seek the water as a habitat. We
have dso found this ‘otter motif' in the mink, and among the rodents,
particularly in the beaver, as well as the water vole, muskrat, brown rat, and
root vole. Among the carnivores, the group most strongly influenced by the
rhythmic processes, the metabolically oriented members are best adapted to
life in the water: the seds (Plate 113) and particularly the whales! A dog is
by no means as shy of water as a cat, and the large cats are less so than the
small ones; jaguars, for example, have been known to swim the Amazon, and
tigersto cross the Ganges.

Even the ungulates are organized according to this basic rule, insofar as
they include middle groups. The hippopotamus, for example, as the most
metabolically oriented member of the central swine group, is the ungulate
best adapted to an aquatic way of life. Among the deer, another central
group, the love of water is most strongly expressed by the metabolically
powerful moose (Plate 146); and even the red deer likes to wallow occasion-
ally, while the roe deer avoids water as much as possblel The moose
drinks much more frequently than the red deer does (Kramer), and the roe
deer drinks hardly at al (Ognew). The musk ox, as a metabolically oriented
member of the central group of horned animals, loves to walow in the
shallow pools that form during the short polar summer (Brehm) and is an
excellent swimmer (Pantenburg). A similar, though not identical, relationship
is shown in the opposite case, among rhythmic species within primarily
metabolic groups. Thus, all central ungulates are typically swamp dwellers;
the tapirs, pigs, chevrotains, and most red deer live near marshes and water.

We turn now to the animals that choose trees as their habitat. The pine
marten has a well-developed rhythmic organization, yet it is secondarily more
sense-active than other martens. It feds at home in the crowns of trees in the
forest, where, with strength and agility, it hunts for squirrels. Here we find
another rule: Rhythmic, central animals secondarily influenced by the sense
pole are climbers, and in most cases, tree-dwellers. Among the rodents, the
squirrels and flying squirrels are obvious examples. The dormice, too, can be
understood according to this rule. Among members of the European mouse
group the best climber is the bank vole, and the black rat climbs about as



well as the brown rat swims. Among the carnivores nearly al civets, genets,
and mongooses (the viverrines), as well as cats, especidly the smaller ones,
are excdlent climbersl The rhythmic processes are so strong even among
aquatic members of this central group that sense oriented species, such as
eared seds and dolphins, express their love of the air by leaping joyfully out
of the water.

Among the ungulates sense oriented members of central groups are less apt
to climb in trees than dong the steep walls of mountains. The entire group of
sheep and goats (including the ibex, chamois, gora, chiru, tahr, Barbary
sheep, blue sheep, serow, and Rocky Mountain goat) should be mentioned
here. These horned animals, with their none too massve, but nevertheless
muscular bodies, live dmost without exception in high mountain regions and
love the windy air high above the valleys. A few species, such as the goral of
the South and East Asian mountains and the domestic dwarf goats of North
Africa (Plate 137), are even given to climbing trees!

Because the deer are central bearers of frontal processes, we might expect
to find similar tendencies among the smal forms. The antlerless musk deer
does in fact live high in the central Asian mountain ranges, particularly in
the Himalayas, where it, unlike any other ungulate, climbs trees at the
timberline.  Krummbiegel (1953-55) reports that musk deer have been
observed a heights of nearly 50 feet (or 15 meters) among the branches of
trees and have been seen jumping down from heights of about 13 fegt (4
meters). In light of what we have learned, such behavior no longer ssems
‘curious but is completely consistent with the animal's organization.

What living space is preferred by the sense oriented animals? Turning once
again to the European martens, we find that the beech marten and
particularly the weasds (Plate 107) love to dink along the ground, through
underbrush, rocks and falen trees, into hidden nooks and crannies where
there is adways something new and unexpected to discover. Here their
sensory faculties can be used to the fullest. In rodents this terrestrial way of
life is quite common, especiadly among the long-tailed mice. The wood mouse,
racing in and out of the leaves along the forest floor, is a prototype of the
completely sense oriented animal, living at the transitional area just at the
earth's surface. Among the ungulates the chevrotains, pudu, Chinese water
deer, duiker, and dik-dik, rather like the rodents, love to dip through dense
grass and thickets.

In the mouse group, the voles, somewhat less open to the world than the
above mentioned animals, choose to live just beneath the surface of the earth.
Outside their burrows, in the grass, they carefully dig out smdl covered runs.
A stronger metabolism than theirs is shown by their distant relatives, the
hamsters, mole rats and porcupines. These are all burrowing animals, and the
more sendtive the group to which each species belongs, the deeper it makes its
burrow. These animas close themsaves off completely from the endless
sensory  irritation  encountered above ground. Metabolically oriented
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nerve-sense animals live in deep burrows. Among the carnivores the polecat
and particularly the badger are prime examples of this tendency, as are the
bears (such as the brown and polar bears), with their long winter hibernation
in weatherproof dens.

Is there a characteristic habitat for the purely metabolic animals? What
kind of environment is chosen by the cattle, for example? The European bison
and gaur choose the forest; the American plains buffalo, the steppe; the yak,
high mountain plateaus; the anoa, swampy areas; and the water buffalo, the
opportunity to wallow in water for hours a a time. Such great variety is
evidently connected with the fine differentiations found among the various
cattle species. Yet as a group they offer no uniform picture. Their connection
with the environment is not so strong as that of the squirrel, for example, or
the whale. For the cattle have achieved a greater degree of independence
from their environment than other mammas have. They hold their heavy
bodies high above the ground. For the metabolic animal, the powerful body
has itself become the most immediate physical environment. The cow gazes
out from her body, and into the world outside, as though from a deep hole.
The mole rat and badger, as metabolically oriented nerve-sense animals, still
require an external den, while the purely metabolic anima creates this den
within its powerful body, where it lives absorbed in its own dreams. In this
sense, rhinoceroses, hippopotami, giant whales, and large seds, too, could be
caled 'burrowing animals per se.'

Yet even in the cattle the limbs are given form by the outside world. The
portions near the body are short, while those close to the ground grow long,
and only two toes are accentuated. The transformation of the nail to a hoof,
too, shows the strong influence of the environment.

How do the ungulates more open to the outside world, the horses, cames
and giraffes, orient themsdves toward their surroundings? Their limbs,
through the reduction of al latera hooves, have become completely
specialized running organs. These limb animals clearly prefer wide plains such
as savannas, steppes and deserts. A landscape that can be widely surveyed,
that conceals no surprises, and that allows them to roam endlesdy is the
appropriate living space for these animals. Many gazelles and other antelopes,
such as the gemsbok, should be included in this group. Among the carnivores
the dogs (including the South American maned wolf, the East Asian wild dog,
the jackal, etc.) are good runners;, among the cats, only the large, long-legged
cheetah runs well. Among the rodents only the South American mara (of the
Argentine pampas), if any, might be considered a limb anima.—The energy
stored up by the metabolism is fredy available for intense physica motion.
Thus a close relationship with the surrounding world is established even by
the limb animals, who are best suited to a broad landscape with a limitless
horizon.

The bond between a mammal and its environment, then, is so close that the
environment may be predicted from the animal's constitution. The rules we
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It is clear that the habitats listed on the left-hand sides of each group provide
the anima with a wide field of observation, while those on the right serve to
shied the organism from the outside world. In addition, the two central
habitats, in which the anima is neither without protection nor completely
hidden, ssem to mediate between the two extremes. Nevertheless, these
relationships between the animas and their environments require further
clarification. We could propose a causal explanation and hold responsible the
no longer verifiable 'pressures of natural selection' theoretically exerted upon
these mammals, or we could assume teleologically a certain plan underlying
the obvious external order. However, a third method of observation, namely
that of deriving the living relationships from the principle of the organism
itsdlf, is also possible; and it is this method that we shall follow once again.
Why should the organism not be capable, in this instance as in others, of
explaining itsdlf?

The mammalian organism cregtes its middie sysem from the interplay
between lungs and heart. The lungs, as we described in the second chapter,
are the organs more open to the outside world; while the heart, more closdy
bound with the metabolism, is the center of the vascular system, through
which the blood, a fluid, is constantly streaming. And in the same way,
central animals secondarily inclined towards the metabolic processes tend to
live within the ‘circulatory,’ or 'fluid,’ sysem of the landscape, in the rivers,
lakes and seas. Central animals dominated secondarily by the sense processes,
on the other hand, prefer a life in the airy regions of the tree tops or
mountain peaks, in the 'lungs of the landscape. The relationship with the
surrounding world, then, is organically ordered.

Sense oriented rodents choose a habitat that corresponds to the position of
the sense organs of the single organism: they live on the very surface of the
ground, on the 'sensory layer' of the landscape. The 'digestion' of perceptual
activity, on the other hand, takes place in the brain, enclosed within the
encapsulating, highly ossfied skull. Just as the brain leads its own life, as it
were, far from the light of day, metabolically oriented nerve-sense animals
live in burrows in the landscape, closed off from the abundance of outer sense
impressions.

The limb animals need open, free space—a landscape with the widest
periphery. The limbs, too, congtitute the periphery of the individual organism.
The purely metabolic animal's relationship with the landscape is more or less
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the same as that of the digestive organs within a single organism. They
remain farly independent of any particular environment and devote
themselves entirely to their own existence.

Thus, we have discovered a completely organic relationship between the
animal and the landscape it inhabits. The animal seeks as an appropriate
habitat an environment smilar in form to whatever system is functionaly
predominant within its own organism. The sedl, in the rhythmic pulsation of
the waves that surround it, experiences what rules within its own body as the
pulsation of its circulating blood (Plate 113). The wild cat lives in the 'lung
space’ of the landscape, the mouse on its sensory layer. Thus, the animal's
form expresses what is basic in its relationships with its surroundings. It
accepts the landscape as a huge supplementary ‘organism,” without which its
own body would be incomplete.

Thus we learn, by the way in which the animals are incorporated into
their specific environments, that the different landscapes are by no means
empty ‘places of habitation' but are themselves imbued with biologicd value.
We might even suggedt, therefore, that the different landscapes of the earth be
taken together as the representatives of a single, vast organism.

We cannot help wondering whether the present pollution and destruction
of the biosphere is not a result of our ignorance of the living organization of
geographic space. If we define life merely as a complex arrangement of
proteins and nucleic acids, we blind oursdves to the idea of life as a
functional system in general, and in so doing are unable to stop the vast
exploitation of our environment. We must learn to understand that our world
is itsdf a living entity, worthy of respect, and that methods of agriculture,
forestry, and industry must adapt themselves to fit the environment's basic
requirements.



XIl The Soul Life of Animals

At every stage of its life the anima leads a physical, a living, and an
emotional existence. Since we have seen aready, in their physical forms and
chronological life processes, the threefold differentiation of many mammals,
we may expect to find similar differences in the configurations of their
emotiona lives, or souls.

Let us take as a starting point the remarkable correlation that exists
between the embryo and its membranes. The rodent hastily forms a highly
differentiated placenta and a relatively smple body. The ungulate's body is
more highly developed than the rodent's, but its placentation is
comparatively simple. The rodent's accelerated development is especidly
apparent in the early embryonic stages, the time of membrane formation. The
fetal membranes develop very quickly and indeed are excessvely formed. (The
amnion, for example, begins to form even before an intra-embryonic
endoderm is present [Starck, 1959].) As a result, the rodent has not
developed fully by the time it is born, and even as an adult it remains
comparatively underdeveloped. The ungulate's development, on the other
hand, is retarded, allowing it to retain the epithdio-choria placenta, the
earliest and smplest placental form. Consequently, an intensive formation of
the embryo can take place. It is this physica overdevelopment that leads to
the amost adult appearance of the precocid young at birth. The
developmental energy of the rodent embryo remains stuck, as it were, in the
membranes, so that these and not the embryo are over-formed. In the
ungulates these formative processes are transferred almost entirely to the
body of the embryo, so that the membranes remain structurally under-
developed. The rodent embryo lives more actively in the environment pro-
vided by its membranes than it does in its own developing body.

What takes place physicaly in the embryo before birth lives on in the soul
condition of the adult animal. Because of its extreme sensory activity, the
rodent continues to live more in the environment than in its own small body.
This animal is always more or less 'beside itsdlf." Whatever goes on around it
is experienced intensively by the animal's soul, while its body remains
unimportant, small, insignificant. How inadequately this animal seems to
manage in its far too hastily formed body! An insatiable quest for food,
constantly interrupted by terrified flight, fills its days. Freguent naps are
required because of this constant nervous strain; yet these are of extremely
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short duration, and even in deep shudders of excitement pass over the tiny,
deeping form. A rodent lives aimost reluctantly, in a state of constant fear.
In man, such a condition would be considered pathological and could take
the form of an averson to life, fear of death, agoraphobia, or deep
pessmism; yet it is perfectly normal in the rodents. Many people fear mice.
Their aversion may well be connected with the fact that in these animals they
find mirrored the exaggerated vulnerability of their own nerve-sense
processes.

Biologists have long recognized that the rodents constantly need to be
touching something, whether under, over or next to their bodies, and seem to
fed brief satisfaction when they can press close against the runway walls of
their burrows (Plate 174). Perhaps they seek such outer coverings because
their own bodies are insufficiently insulated. This urge to touch is nothing less
than agoraphobic. It may be difficult for us to understand such a state with
our ordinary consciousness, but the psychiatrist and his patient know of
conditions of the soul that point in a similar direction. It is extraordinarily
difficult for some people to cross an open space aone, since their highly
penetrable sense system fails to protect them adequately from the outside
world. They are in such close contact with the outside world, as conveyed to
them through their senses, that they are in danger of being overwhelmed by
the variety and intensity of their sense impressions. Small wonder that such
people fed inadequately protected by their own bodies! The rodent lives
perpetually with such phobias; they invade its life even more than they do
that of human beings who suffer from agoraphobia, for the animal has no
choice but to identify with its bodily constitution.

During gestation, as we have said, the metabolically dominated ungulate
focuses its activity less on the formation of embryonic membranes than on the
development of the embryo itsdf. Quite consistently, therefore, the soul
activity of the adult animal is more deeply involved with the processes of its
own internal organs than with the world outside. The cow gazes out upon the
world as though through a vel of mist. What a snse of peace and
contentment emanates from the cud-chewing ungulate, as it devotes itsdf
entirely to the enjoyment of life! By its very nature the ungulate is a
perennial optimist, even to its physiology. It could otherwise never be
satisfied with its dmost indigestible food. Such an animal is so sdf-sufficient
that its emotional activity can be completely absorbed in the life of its own
body. Much of the ungulate's soul life—despite its undoubted intensity and
power—does not appear at the surface, because it is too much involved in
the processes of digestion and growth to establish any close relationship with
the outer world.

For the metabolic animal, then, the body itsdf is a sdf-contained world;
while for the sense-oriented animal, the environment serves as an additional
body. In Faust, Partll, Goethe gives imaginative expresson to these
one-sided conditions of the souls of animals.



Fear Hope

Lamps and lights and torches smoking Hail beloved ssters, hail!
Through this turmoil gleem around; Though today and yesterday,
'‘Midst these faces, shamming, joking, Ye have loved this masker's play,
I, aas, in chains am bound. Yet tomorrow yell unveil.
This | know of you quite surely.
Hence, ye throngs absurdly merry! If beneath the torches flaring
| mistrust your grins with right; We can't find our special pleasure,
Every single adversary Yet in days of cheerful leisure,
Presses nearer in this night. As our will doth bid us purely,
Now in groups, now singly faring,
Friend turned foe would here betray me, Well roam over lovely less,
But his mask | know well. Stay, Resting, doing, as we please;
Y onder's one who wished to day me; In alife no cares assailing,
Now revealed, he dinks away. Naught forgoing, never failing.
Everywhere as welcome guest
Through the wide world | would wander, Let us enter, clm in mind,
Following every path that led, Confident that we shall find
But destruction threatens yonder, Somewhere, certainly, the best.
Holds me fast 'twixt gloom and dread. Translated by

George Madison Priest

The rodent is too superficialy, the ungulate, quite deeply, connected with
its own body. The connection between soul life and physical organization is
quite tenuous in animals open to the world. Because this bond has been
edtablished quickly and incompletely, it is easily broken once again. The
metabolically oriented animal, on the other hand, develops an intimate
connection between soul capecities and physical body. The body is fully
developed and fully enjoyed—and therefore given up with great difficulty.
The carnivore's organization, however, arises out of a unique congruence of
body and soul. Its soul is neither bound too closdy with the body, nor
connected too little with it; the bond between the two is neither too strong
nor too wesk, but finds visible expresson in the carnivore's powerful form
and striking coloration. In the carnivores, the two ways of being coexist in a
state of balanced tension, which finds expression in the many different forms
of the various species.

In seeking to understand the emotiona life of the animals in such a
carefully differentiated way, we dso gain our first red insight into the
processes of animal death. What does the soul of an anima experience at
death? We propose that these experiences are as diverse as the physica
constitutions of the various animal species. An animal deeply tied to its own
body dies with much greater difficulty than one closdy connected with the
outside world.

With startling directness Steiner once described what occurs, for example,
between predator and prey. Between cat and mouse, according to Steiner, a
surprising relationship exists. Death, he said, comes to the mouse as a
welcome release from a life filled with fear. An actual feding of well-being
accompanies its separation from the inadequate body to which it has fet
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chained. And the cat, when it plays for a while with the half-dead mouse,
actually prolongs for the 'victim' this enjoyment of death®® A more radical
departure from all generally accepted views of the 'cruelty of nature the
'struggle for existence,' and so forth can scarcely be imagined. Yet such ideas,
because of their emotional content, are really anthropomorphisms. For the
cat, unlike the kind of human being who would act out of conscious cruelty,
is incapable of enjoying its victim's fear. When we free oursdves from
emotional cliches and begin to view nature in an unbiased way, the truth
becomes apparent to us: the cat and mouse complement one another, not only
physiologicaly, but even on a psychological, or soul, level. Each bestows a
benefit upon the other. The cat satisfies its urge to hunt and its hunger, and
the mouse is permitted to die.

The ways of dying we have found to be characteristic of many rodents are
not only in complete accord with this idea, but are even clarified by it for the
first time. We are now able to develop a sense for what actually occurs in the
mass death of the voles, the migrations of lemmings, and the relationship
between predator and prey. An anima closely bound to the environment
fulfills its biological role both physically and psychologicaly by serving as
the principal source of food for the higher animals. During its lifetime such
an animal's soul is completely taken up in its perceptions of the outside
world, so that in death its body aso merges easly with its surroundings. The
carnivore receives as nourishment the body of an animal that gladly
surrendersiits life.

A metabolic animal, on the other hand, dies not only with reluctance, but
with extreme difficulty. For the ungulate, the physical organism is the most
important aspect of life, and it therefore parts with its body reluctantly. Its
death marks the end of a fruitful and enjoyable life. The ungulate shuns
death; the nerve-sense animal actually seeksit.

Opposite worlds are thus represented by the rodents and the ungulates. In
the carnivore's nature these two poles of animal existence are brought
together in a state of tension. It is this inner battle of forces that makes the
carnivore so aggressive in the outer world. In aggressive conflict it is equally
prepared to accept either life or death.

Rodent Carnivore Ungulate
Lives unwillingly Accepts equally Lives gladly
Dies gladly the possibility of Dies unwillingly
life or death

Strictly speaking, of course, the emotional attitudes we have ascribed to the
three mammal groups, as well as the organic sysems that form the basis of
these attitudes, are found in every animal. Whether rodent, carnivore, or
ungulate, every animal has a nerve-sense system, a respiratory-circulatory
sysdem, and a metabolic-limb sysem. In the nerve-sense sysem of any



animal, there exists a tendency toward death. Since nervous tissue cannot be
regenerated, cel divison does not take place here, and insufficient supply of
food or oxygen can be endured for only a short time before the nervous
system begins to suffer irreparable damage. The nerve-sense system therefore
requires regular periods of freedom from soul functions. In deep it
participates in the regenerative bodily processes that enable it to function
once again when the animal wakes. The waking state is physiologicaly
possible only to the extent that life processes are cut off in the nerve-sense
system.

In the metabolic system, the organism is completely engaged in the world
of matter, which it transforms intensively but unconscioudy, in order to
maintain physical life. Even the completely unconscious metabolic processes
lead to incarnation, or a cdoser connection between soul and body. All
nerve-sense processes excarnate the soul of an animal; al metabolic processes
incarnate it.

We may therefore propose an even more precise differentiation: even a
rodent, since it has metabolic processes, may try to preserve its life and to
avoid death. It cannot be denied that the urge for self-preservation comes
upon a rodent when it flees an enemy. Even an ungulate, on the other hand,
may experience such a profound shock when attacked by a carnivore that its
soul excarnates immediately, despite the fact that its body has not yet died.
The sudden shock of the carnivore's attack may simply be too much for any
animal's soul life, which is bound in al cases to the sense organization; and
the animal may give up al resistance. In many cases, however, an aggressive
response similar to that of the carnivores may occur, snce every animal
posesses a middle system, which tends to assert itsdf in time of danger. All
three modes of behavior may therefore be observed in al animals.

In most cases, however, the behavior basc to the anima's own
organization prevails. Sense oriented animals tend to show fear of a struggle
and submissveness towards death. Animas with a dominant rhythmic
congtitution usualy attack. Metabolic animals avoid disturbance whenever
possible and seek to enjoy their own well-being.

Aight™™ Aggression Quiet Avoidance

Let us return now to a detailed consideration of the ungulates. In the
tropics these animals often serve as prey for the large cats. Yet even here the
usual victims are the sense oriented members of this group: the antelopes and
the deer! The favorite prey of the lion is the zebra; of the tiger, the senstive
Indian deer; of the leopard, the gazelle and monkey; and of the jaguar, the
capybara, arodent (Plates 171 and 172).
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But even when a large, deeply incarnated ungulate is killed by a carnivore,
its death is not in fact accompanied by the terrible pain we humans usually
ascribe to it. William Joseph Long, an accurate and subtle observer of
animals, has written that

... the victims of the carnivores do not experience pain. The terrifying attack of a
predator causes a kind of shock paralysis or stupor, which makes the animas in-
sendtive to injury. Mice, squirrels, rabbits, woodcocks, deer and other wild creatures
| have observed as they fel prey to their natural enemies, showed, with few excep-
tions, an amazing indifference. Apparently they did not realize what was happening
to them (1924).

Grzimek (1959) has made a similar observation:

It happens quite frequently that an apparently dead anima runs away unharmed if
the lion is driven off. Recently, one of four lionesses was forced to give up a zebra
foal, and the little animal ran away neighing loudly—a happy zebra child. A few
weeks later the same thing happened, before Myles Turner's eyes, to a Thomson
gazelle. Just as alion cub becomes entirely motionless and does not struggle when its
mother takes its neck and head between her teeth and carries it around, it is probably
inborn in many animas hunted by lions to become ingtinctively cam when they are
saized. ... | even beieve that these animals experience neither pain nor terror in the
jaws of the lion. In fact, | could dmost say | know it.

At the turn of the century John Hirst collected al available accounts of
people who had survived attacks by large carnivores. He described sixty-six
such cases, but only two persons reported that they had experienced pain
during the attack®’. The best known case is that of David Livingstone, the
great African explorer, who was once attacked by a lion. He later gave the
following account of the incident:

Growling horribly close to my ear he shook me as a terrier dog does a rat. The shock
produced a stupor similar to that which seems to be felt by a mouse after the first
shake of the cat. It caused a sort of dreaminess, in which there was no sense of pain
nor feding of terror, though | was quite conscious of al that was happening. It was
like what patients partially under the influence of chloroform describe, who see all
the operation, but fed not the knife. This singular condition was not the result of any
mental process. The shake annihilated fear, and alowed no sense of horror even
at the sight of the beast.

At the next moment Livingstone's companions drove off the lion.

This trancelike state, in which one is fully conscious and yet experiences no
pain and is powerless to react, is caused by the fact that the nervous system,
because of the excessve demands suddenly made upon it, smply loses contact
with the sense impressions. Physicians see this condition frequently in cases of
severe brain concussion. The patients, after returning to normal consciousness,
report that they saw and heard everything that went on around them; yet
they could make nothing of these sense impressions. Such exceptional cases
help us to understand that animals serving as prey—even the ungulates,
despite their vitality—normally experience death in a painless state of shock.

When a young carnivore first kills, however, it is ill clumsy and
inexperienced, and the anima attacked may well suffer a painful death



(Guggisherg). We must touch upon even this rather minor aspect of the
problem of animal death, for only a balanced, objective understanding of this
problem in &l its aspects will enable us to gain a correct attitude toward the
animals. Otherwise, we would be forced to vacillate once again between
'heartlessly cold' concepts and sentimental fedings.

What is pain? Every human being is acquainted with it. And yet, for
obvious reasons, we are not generaly aware of the fact that it is experienced
in three distinct stages. The first is the body's immediate reaction to injury,
the physiologicd trauma, the actual physica experience. This takes place on a
virtually unconscious level and is therefore easily overlooked. Like every
s«nxe perception, it is soon transferred to the psychologica plane, and the
norma bodily sensation of pain sets in. This conscious experience of pain,
however, need not aways take place. If the soul's attention is distracted (as a
physician usualy tries to do for his patient when severe pain is present), only
discomfort remains. As in the shock condition described above, the soul
cannot grasp the impressons conveyed to it by the senses It is certainly true
that pain of this kind, which is experienced by the soul, exists in the higher
animals, insofar as distractions or conditions of shock fail to intervene
(Hediger). Man aone, however, knows yet a third form of pain, which is best
—if indeed rather inadequately—described as 'grief.’ If pain encompasses
more than the body's automatic reaction to an injury, grief is certainly far
deeper than the soul's experience of pain.

It is amply not possble for us to grieve on command. For gief is a feding that
endbles us to accomplish a definite purpose: Through grif we dowly overcome
pan. ... The gradud ebbing awvay of grief, the acceptance of the loss is the normd
oourse of this feding (Mitscherlich).

The anima is well acquainted with the psychologica experience of pain
but does not know the deepening of pain to individua grief. And this is
certainly connected with the fact that an animal never rebels as an individual
againg its fate. The question, "Why me?' is known only to man. Even when
an animal suffers a painful death we should try to avoid anthropomorphizing
its experience through our sympathy, for the comparison between man and
animal must encompass far more than mere sentimentality.

A human being is not only 'Man'; he is also a physica being and therefore
bears the world of matter within him. He lives and grows and thus shares
certain qualities with the plants; and his emotiona, or soul, life connects him
with the animals. Only the fourth part of his nature, in which his soul
participates in the world of spirit, forms his purely human essence. All the
reAdms of nature are present within man and in him they coexig
harmoniously. In man, therefore, we can observe in microcosm how the
kingdoms of nature are related to form a whole outside man. Our method
allows us to find in man the basc example from which to understand the
interrelationships of the outside world, and at the same time it prevents us
from lgpsing into the narrow perspective of any single point of view. On the
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one hand, man is the only being in nature who can stand apart and perceive
the natural world. On the other hand, however, since he bears within him all
the kingdoms of nature in fitting relation with one another, he is himsdf the
modd from which nature can be understood. Man is not only the thinking
organ of the world, but, viewed objectively, he is dso the aphabet through
which we learn to read the world's language.

For example, the nourishing substances taken in by the human organism are
reduced to the finest possible consistency; al crystallization is avoided, and
these substances are distributed throughout the body in a manner completely
independent of gravity. Ultimately these substances are brought into a
condition in which they can contribute to the life of the organism. The
tendency characteristic of inanimate nature, to reach a state of physical and
chemical equilibrium, is constantly arrested. Solids are transformed into
unstable, ever changing, labile liquids. Life condgsts in holding in abeyance the
purely inorganic condition, without, however, suppressing it entirely. Yet
neither are the life processes alowed free rein in the human organism. If this
were 0, man would never progress beyond a state of deep deep. When he
is awake, his soul processes, aided by the nerve-sense system, actualy
suppress these vital forces. Soul activity can take place only when life
processes as such have first been partly destroyed (Fortlage). Yet the soul
must not destroy these upbuilding processes utterly—therefore it must retire
at regular intervals during the time of deep. In the waking state, however,
the soul's activity subdues the growth forces of the organism.

Still another gtep is possble for man. His impulses, desires, sense
perceptions, emotions, and other instinctive reactions to the outer world may
all be repressed if he becomes spiritually productive. A sound spiritual
development never seeks to eradicate such reactions entirely but only to bring
them into moderation and order. Such sdlf-development, however painful it
may be to the emotiona Sde of man, serves to liberate his most human
faculties, physica body, life, soul and spirit are able to work together in
balance only when each lower level partly recedes to make way for the next
higher one. Each successive stage is attained only through the partia
destruction of what precedes and supports it.

What takes place within the microcosm of man appears in unindividualized
form throughout the whole of nature. Only when the inanimate stone has lost
its mineral form through eroson and crumbled into viable earth can it be
transformed into living plant substance. The animal kingdom, in turn,
continually brings partial destruction to the plants, which would otherwise
choke the landscapes of the earth. (This process is assigted by the activity of
non-green plants, such as fungi, and particularly bacteria)) These processes of
decay enable the animals, as representatives of the soul life on earth, to exist.
And when an animal dies, the totality of the earth benefits, for some of the
drives, emations and desires exigting in its relm have been overcome. This is
true even in a spiritua sense, for the process taking place here is similar to



that which occurs in man when he strengthens his ego to gain control over his
emotions. And according to Steiner, the animal itsdf experiences something of
egohood, which man does whenever he is awake, only a the moment of its
death®.

From this point of view, death in nature takes on a new meaning. The
deaths of plants, of animals, and of man must be dtrictly differentiated
(Steiner, 1912). In undisturbed nature the death of a plant is a necessary
process, smilar to what takes place in the body of a man when he wakes
from deep: living substance is sacrificed for the sake of soul activity. Rudolf
Steiner stated as a fact of supersensible experience that a feding of well-being
comes over the earth when a field of grain is mowed or when a cow is
grazing®™. The death of an animal, even if painful, is aso a natural process,
necessary for the whole earth. What man knows as an individual and must
himsdf strive to accomplish, and what for him, too, is associated with great
pain of soul—namely sdlf-discipline and the control of instinctual desires—
is brought about inevitably and involuntarily in the anima world, through
the actions of the carnivores. Here the process takes place in an
unindividualized way, bound to the body and its instincts. Thus, even the
painful death of an animal has a spiritual meaning for the world as a whole,
a meaning far deeper than could be fathomed through conventiona theories
of natural selection.

In this way we discover for the first time our rea relationship with the
animals that surround us. We need not regard the death of an anima with
cold indifference, because we are beginning to understand what takes place in
the animal's soul life. On the other hand, we are able to avoid the
sentimentality that attributes to the single animal a human individuality. The
individual animal can be replaced by another of its kind, but the individual
man cannot. But neither can one anima species be replaced by another. Each
gpecies is as unique as an individual man. The death of a single animal is
merely the end of an unindividualized, replacesble portion of a species. Only
the loss of an entire species is comparable to the death of a single man. Not
the killing of a single animal, then, but the destruction of an entire species, is
murder.

The truth of what is expressed here as idea is felt by many contemporary
biologists. The world-wide concern for the protection of nature is a definite
sgn of this feding. It is not the individual animal that must be protected but
the entire species; this can never be replaced. The sngle anima must be
carefully preserved if the numbers of its species decline; yet it must be killed
if its numbers grow too large. Nature is protected when a healthy balance is
maintained among al indigenous plants and animals within designated
environments. In America, for example, the bison, saved at the last moment,
now dwells secure in national parks established for its preservation. In
Sweden, on the other hand, there are too many moose;, at present, 30,000
must be shot each year. Such a procedure is moraly judtifiable because the
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yearly increase in population exceeds this number. Nevertheless, it would be
more effective simply to end the persecution of the large carnivores, since
these would regulate the growth of the moose population in a natural way.
The only group on earth whose every individual must receive unstinted help
is man. Among human beings no life is 'unworthy," for man's destiny, unlike
the animal's, is individual, and not determined by his membership in a
biological species.

The death of an individual animal is often painful to us. It is the
destruction of an entire species, however, that should fill us with sorrow and
weigh heavily upon our consciences. Protection of nature is of the greatest
importance, since it is only within the whole of nature that each anima and
plant can become what it is meant to be.



X1l Some Additional Groups of Mammals

Let us now consder some mammalian groups far different from those
already discussed. Rodents, carnivores and ungulates are indigenous to the
Northern Hemisphere. Although members of these groups are found south of
the equator, paleontology and zoogeography have shown that these species
moved down from the north in ancient times. Remarkably different from
these are the animas indigenous to the Southern Hemisphere, those found in
South America, South Africa, and Australia. There we meet the egg-laying
monotremes, the marsupias, pangolins, and armadillos, the doths, anteaters,
and aardvarks. Underlying these southern animals are other, to us strangely
alien, formative processes, which upon closer investigation prove similar to
those active in reptiles and birds (which aso show extraordinary diversity in
the Southern Hemisphere). A consideration of these animals would go beyond
the scope of this book; we shall, however, refer briefly to a third group of
mammals, which stands between the specificaly northern and specificaly
southern groups. These are the insectivores, primates and hares (including the
rabbits and pikas); aswell asthe dassies, sea cows and elephants.

Insectivores found in Europe are the shrews, moles and hedgehogs. These
are all strongly sense oriented, smal mammals. The tiniest forms actually
resemble mice, though they certainly are not rodents. At a glance a shrew
may be distinguished from a mouse, since the shrew has a long, pointed,
mobile snout, fringed with whiskers. Unmistakable, too, are its steady, rapid,
yet surprisingly supple movements. Like most of the rodents, the insectivores
give birth to blind, naked, altricial young; only the whiskers, and, in the
hedgehogs, a few soft quills, 3 millimeters (or about 1/8 inch) in length,
protrude from the skin. The elephant shrews of Africa, transitional forms
between the genuine shrews and the tree shrews (closdly related to the
lemurs), however, are precocial. The litters of insectivores are large: the
European mole may give birth to as many as 10 young, and the common
tenrec of Madagascar, up to 32 (the largest litter size of any mammal). The
placenta of European species becomes hemo-choriadl and discoidal after
completing an early diffuse stage.

The insectivores, then, are a group strongly influenced by the sense system.
It is for this reason that their formative characteristics are so similar to those
of the rodents.

The shrews are the most obviously one-sided members of this group. Their
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coloration is generally dark above and light below. A typical member of this
group is the European bicolored shrew. Sensory hairs, especidly long at the
root of its snout (Plate 175), are found over its entire body, even on its
otherwise dmost naked tail. It constantly seeks to establish physical contact
between its entire body and the leaves and stones beneath which it finds
shelter. Such fearful behavior so pervades the shrew's nature that the young,
on their first outings, hold fast to one another with their teeth. The first in
line grasps the mother's tail, and in this way the entire little caravan scurries
and leaps together over the ground, without easily becoming separated (Plate
176). Thus we find in this animal as well as in the rodents, behavior similar
to that of an agoraphobic human being, who is able to cross the largest open
gpace 0 long as he holds a companion by the hand; yet his legs would give
way beneath him were he to attempt to cross it alone (se Chapter XI1). The
shrew's hold on life is so tenuous that a severe fright is enough to cause the
animal's death (Grzimek); the physiological cause of death in this case is the
sudden disruption of the animal's hormonal balance. The shrew's pulse rate is
500 to 1320 beats per minute (Grauwiler); thus it lives with a constantly
racing heart.

Closdly related to the bicolored shrew are the white-toothed and lesser
white-toothed shrews. All three species belong to the genus Crocidura, which,
with 144 different species, is the largest mammal genus on earth. Another
group of white-toothed shrews, the genus Suncus, which is often regarded
merely as a subgenus of Crocidura, includes the smallest living mammal, the
Etruscan shrew. The geographical area inhabited by this anima extends from
the Mediterranean to Southeast Asia. Without its tail it measures less than 4
centimeters (or about 1 1/2 inches) and weighs only 2 grams! Because al the
animals mentioned above have white teeth, they are often referred to smply
as the ‘white-toothed shrews.' Their group forms a subfamily of the shrews
and includes 181 different species—an unusually large number.

Somewhat less extreme are the 'red-toothed shrews. This subfamily is
composed of 82 species, which are generally larger than members of the
white-toothed group. Their short-haired tails lack the long, giff hairs found
on the tails of white-toothed shrews. As the name suggests, the tips of these
animals' teeth are covered with reddish enamel. Two genera are indigenous to
Europe: the common shrews (Sorex) and the water shrews (Neomys). The
former (represented by the pygmy, common and Alpine shrews) prefer
wooded areas and mountains; the latter (represented by the Miller's water
shrew and the water shrew, the largest member of this group) have taken up
an aquatic way of life, seeking even their food in the water. In this subfamily
we find a definite strengthening of the rhythmic constitution.

89. From the top down, Etruscan shrew, water shrew, and armored shrew (each
1/1.3X).






90. Skeleton of the armored shrew (natural size; Kingdon).

A third group, which includes only two species, is represented by the
remarkable armored shrews of central Africa. These are relatively large
animals (up to about 10 inches, or 25 centimeters in length), powerfully
built; and their spinal column is so strong and protects the internal organs so
well that it can support a man's weight. When the animal is released it runs
away unharmed (Grzimek, 1967). The vertebrae, with their elongated bony
proceses, show a degree of osdsfication normally found only in the skull.
These animals may therefore be considered the shrews most independent of
the environment.

A survey of the total number of species on earth reveals the ordered
relationships that prevail within this animal group:

Shrews
_'_,_o-'—'_'_.-'_'_'_'__'- I -_\__-\_\--\__‘—\-
e | T—— —
' S
White-toothed Red-togthed Armored Shrews
L] } X
Etruscan shrew, Pygmy, Water,
Lessar white-toothed, Common, and Miller's
Common white-toothed, Alpine, Water shrews
and Bicolored shrews
181 82 2 species on earth

We turn now to the mole family. In Europe these animals occupy a central
238 position between the shrews and the hedgehogs. Just as the voles, as centra



members of the mouse group, retreat from the surface of the earth, many
mole species turn to burrowing as a way of life. Like the water vole, the
European mole not only digs, but even snvims quite well; this fact is little
known dnce al we usually s of a mole is its mole hill. Some large,
non-European species, such as the South Russan and Pyrenean desmans, are
definitely aquatic. With tirdess strength these muscular athletes of the mole
family svim and dig through their domain, devouring every tiny creature
they can find.

The hedgehog is the largest of the European insectivores. Its powerful
metabolism enables it to eat not only insects and small animals, but even
vegetable matter, such as fruit. Less violent and impulsive than the shrew, it
ambles along in the dark of night, using its keen sense of smdl to search for
tasty morsels. Careful observation reveals the beginnings of a head pattern
(Plate 91) that becomes quite pronounced in Eastern European species. The
hedgehog has the most powerful metabolism of any insectivore. Evidence of
this is its spiny coat of quills. We have already found quills on the most
metabolic of the rodents, the porcupine. Evidently, then, the transformation
of hair to thick, horny quills occurs in primarily sense oriented species that
have secondarily cosed themselves off from the surrounding world. The
strengthening of metabolism necessitates the formation of horny substance to
keep these powerful metabolic forces dammed up within the animal. This
unusua formation is thus explained by the basic organization of the hedgehog
itself.

Another example of this phenomenon is found among the rodents, in the
spiny mouse of North Africa and the Middle East (in Europe this animal is
found only on Crete). A long-tailed mouse, it is a member of the most sense
oriented group of mice; yet its metabolism is so strong that it not only
endures hunger and thirst better than any of its close relatives (van den
Brink), but it even gives birth to precocial young (Dieterlein). The formation
of quills is quite consistent with such an organization. The Australian spiny
anteater and even such a distant species as the sea urchin among the
echinoderms may aso be understood in this way. Thus we may formulate the
following rule: When a species belonging to a group that is primarily open to
the environment closes itself off from the surrounding world, it tends to
develop quills. The hedgehog provides the clasic example of this tendency.
Its entire mode of being contrasts utterly with that of the shrews. The latter
flee from even the dightest disturbance; any leaf or stone to hide under
affords them a feding of security. The hedgehog, on the other hand, does not
run from danger but rolls up into a ball and finds protection within its own
body. Within its own relatively large body it finds its physiological and
psychologica centers. The outer world it rgects by forming quills on the
surface of its body.

There are only twelve species of hedgehogs and nineteen of moles. The
European insectivores, then, have a genuindly threefold relationship.
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Insectivores

- == v -2~
Shrews Moles Hedgehogs
265 19 12 species on earth

This threefold relationship is dso apparent in the insectivores dentition,
which includes al three kinds of teeth and is therefore relatively uniform in
structure. Still, characteristic differences may be observed. The shrews, for
example, have remarkably long, ridged first incisors, which—although they
do not equal the rodents gnawing teeth—still dominate the entire dentition.
The moles and desmans, in contrast with the shrews and hedgehogs, have
elongated upper canines, and these, oddly enough, have two roots (as do the
tiny canines of the hedgehogs). In the mole's lower jaw the elongated milk
canine is replaced by a very small permanent one resembling an incisor; both
its form and function, however, have been assumed by the first premolar,
which is even located in the appropriate position in the jaw. As we might
expect, the hedgehog's broadened molars dominate the rest of its teeth.

Periodic increases in population similar to those occurring among the mice
have also been observed among the shrews. Here, too, the population expands
through a generd increase both in litter sze and frequency of births. Unique
to the shrews, however, particularly the white-toothed species, is the fact that
not only the population as a whole, but even the individual animal increases
in size; within a few generations its length doubles and its weight increases
fivefold (Sanderson). When the population increase has come to an end,
individual sze adso declines—an example of the connection between sze
and biologica conditions.

As their name suggests, the insectivores eat primarily animal food, in
contrast with the rodents. These tiny predators help regulate the population
of the smal animal world, just as the carnivores do among the higher
animals. Any surplus among the tiny creatures, such as earth worms, snails,
and dugs; all kinds of insects, including beetles and their larvae, caterpillars,
grubs and so forth; smal fishes, newts, and tadpoles, is devoured by the
insectivores. Without the shrews and moles, the relationship between plant
and anima worlds could easily become unbalanced. The more abundant the
insectivores are, the healthier the landscape they inhabit. Each day these
animals consume at least their own weight, and frequently twice as much and
more. They rarely deep, for their gnawing hunger soon wakes them (only the
hedgehog hibernates!). When food is scarce they eat their own young or even
the weaker adults of their own species, for the shrews in particular can easily
starve to death within a few hours.

91. European insxtivores. From the top down, bicolored shrew, mole, and hedgehog
(V15X,1/25X,1/25X).
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What can we learn from all this? It is remarkable that such sense-active
animals have so many traits in common with the carnivores. The clear-cut
divisons we have found among the higher mammal groups appear to be
lacking among the insectivores. Rather it is the intertwining of nerve-sense
and rhythmic processes that characterizes these animals. Their overall
physical form is certainly not divided into the three bodily regions so distinct
in the higher animals. In the ungulates, for example, any outgrowths are
located at the body's anterior pole; in the rodents, particularly the
porcupines, they appear at its posterior pole. Yet the hedgehog's horny
growth of quills covers the surfaces of head and body alike; no clear center
of organization has developed within this animal. The teeth, as we have
mentioned, are similarly undifferentiated in form. All three types are present
and stand smdl and pointed next to one another, with only dight differences
in form and without gaps between them. The insectivores, then, are even
more undifferentiated and primitive in form than the rodents are. Today they
are regarded as the most primitive of placental mammals. Outside Europe
they are found in great variety and number, distributed over amost every
continent in the world.

In the first chapter we mentioned that the animals most closdy related to
this primitive group are the primates. Among the latter the rhythmic
organization has gained dominance, though not so thoroughly as it has in the
carnivores. In these animals, too, however, the canines dominate the other
teeth, and at least the small species have turned to an arboreal way of life.
The platyrrhine (‘flat-nosed’) monkeys of the New World are generally
graceful, rather senditive forms, often scarcely larger than squirrels, while the
catarrhine (‘'narrow-nosed’) monkeys of the Old World are more rhythmic in
orientation. Thus the long-tailed guenons are cat-like, while the baboons
resemble dogs. The largest and most metabolic forms are the anthropoid apes;
the maes of the Asan orangutans, and, to an even greater extent, of the
African gorillas, are gigantic animals weighing several hundred pounds.
Typica flat-nosed monkeys tend to eat insect food, rich in protein, while the
central, narrow-nosed pecies prefer a mixed diet that includes fruit; the
anthropoid apes, particularly the gorillas, are completely herbivorous, feeding
chiefly upon leaves. In comparison with these animals, in whom metabolic
activity is accentuated, man's organism appears to stress the limbs. None of
the apes could compete with a trained runner in a long-distance race.

Together, then, the insectivores and apes, linked by the tree shrews, form a
sngle group of related animals. As members of this group they preserve many
primitive characteristics and therefore their three organic sysems have only

92. The mamoset, above left, of South America is only as large as a squirrd
(1/7 X). The guenon, above right (1/8 X), baboon, below left (1/12 X), and the
gorilla, weighing over 500 pounds (1/16 X), dl livein Africa
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begun to differentiate. They have not achieved a threefold differentiation so
complete as that of the rodents, carnivores and ungulates.

The hares and rabbits also show a 'mixed' organization. They are closely
related to the rodents, whose diet, life habits, and dentition are similar to
theirs. In coloration, too, the hares and rabbits show the dark dorsal and
light ventral ddes typical of sense oriented animals. They are too large to
belong to the sense oriented rodent groups, yet they lack the ungainly figure
and inverted coloration typical of the metabolically oriented rodents. And,
despite their sengitivity and quick reactions, the hares and rabbits ssem to be
much stronger creatures, more closely connected with the body, than rodents
inhabiting the same geographical area. Even their bodily posture is more
expressive than the genuine rodents.

Let us condder the teeth of these animals. The dentition, with its elongated
incisors, missing canines, and rootless molars, is similar to that of the rodents;
yet there is a very important distinction between the two. Directly behind the
two large upper incisors stands a second pair, small and pointed. The actua
number of incisors is therefore greater in these animals than in the genuine
rodents. Nevertheless, the sense processes do not seem to emerge in such a
one-sided manner as they do in the rodents. The ename covering the first
incisors is not confined to their front surfaces alone, as is the case in the
genuine rodents, but surrounds each tooth completely. Thus, the teeth of these
animals are actualy less specidized in form than those of the rodents. If we
consider the structure of the hare's teeth to be ‘archetypal,’ we may make the
following statement: The hare's nerve-sense sysem is not completely
dominant, but is held in check by the metabolic-limb system. That the bones
of the head are quite porous is undoubtedly connected with this fact. The
skull cap itsdf has not osdfied to form the typical hard, thick capsule.
Because of these characteristics, as well as severd others, the hares and rabbits
are no longer classfied as rodents, but are regarded as a distinct group,
closdly related to them (Gidley).

The brown hare is the only member of this group truly indigenous to
middle Europe. The wild rabbit was introduced, during the Middle Ages
from northern Spain. These two species are so similar that they lend
themselves well to comparison. Smaller than the hare, the wild rabbit has a
grey dorsal dde and lacks the hare's disproportionately long ears and hind
legs. The hare has long, powerful hind legs that enable it to make long jumps;
its dorsal side is brown. Its ears, edged with brilliant black, are so long that
they reach, when bent forward, beyond the tip of the snout. In both animals
the underside of the tail as well as the rump is white, so that the upturned
tail flashes visibly. These dight differences indicate that the rabbit is the more
sengitive member of this group, while the hare is the more metabolic. The

93. Above, the wild rabhbit, bel ow, the larger brown hare (each 1/5 X).
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of the davides

A. Newborn rabbit, left, and brown hare (naturdl Sze).

rabbit therefore finds it necessary to dig deep burrows, while the hare is able
to live fredy in the open landscape, trusting to its ability to flee from danger.
The hare dso swims more readily than the rabbit does (Brehm), while the
latter occasiondly climbs trees (van den Brink), an accomplishment that has
never been observed in the hares. The conditions of these animds at birth are
dso consistent with their differing constitutions; the rabbits are completely
altricial, while the hares are born with functioning sense organs and a full
coat of hair. The basic difference between these two animas is further
demonstrated by the fact that the hare, like the ungulates, lacks clavicles,
while the rabbit, like almost all rodents, has them.

What is the meaning of the clavicles, or collarbone? In reviewing the form
of the human skeleton, we recal that the greatest degree of ossfication is
found near the center of the nerve-sense system, in the head. The brain is
completely encapsulated, as is the spinal cord. In the body's central region the
formation of the vertebrae begins to show a rhythmic sequence, a sequence
that is most clearly manifested in the formation of the ribs. The abdominal
cavity, as the center of the metabolic system, has almost no bony protection. In
the limb areathe enclosing character of the cranial bones is completely reversed:
the bones of the arms and legs form part of the internal skeleton, which is
hollow and surrounded with soft tissue. The basic contrast between these
bones extends even to their development. The hollow bones develop first as
cartilage; next to the cartilage the bony tissue itsdf develops, gradualy
replacing the cartilaginous skeleton. These bones are therefore called
'replacement bones." The flat, plate-like bones of the cranium, on the other
hand, develop without any preliminary formation of cartilage. They are
called 'membrane bones, sincethey develop out of the subcutaneous layer.

In the central area of the skeleton, the rib cage, in its rhythmic alternation
of bone and intercostal space, gives spatial expression to the time rhythm
shown by lungs and heart in their alternation between expansion and
contraction. The chest's mediation between the poles of the body is aso
expressad in the difference between its own upper and lower portions. Within
its own form it recapitulates the two extremes. For example, close



examination reveals that no two of man's twelve pairs of ribs are exactly
alike. By means of their cartilaginous ends the seven upper pairs of ribs are
attached to the sternum; the five lower pairs are not attached in this way and
become successvely shorter. Above, the rib cage approaches the enclosing
form of the skull, since the ribs are quite close to one ancther; below, it
widens and reduces its degree of ossification, thus accomplishing a gradual
transition to the soft abdominal cavity. The shape of the middle region is
determined equally by the tendency of the head to form bones and that of the
metabolic center to avoid their formation. The influence of the head system is
so strong in the upper region of the chest that in addition to the plate-like
shoulder blades in back and the upper part of the sternum in front, yet
ancther pair of bones, the clavicles, appears. These are the only membrane
bones outside the head! In them the upper middle region recapitulates the
formative tendencies of the head; in man these bones are the first to become
ossified (Starck, 1955).

In direct contrast, the diaphragm, at the lower end of the rib cage, is a
muscular organ; here the rhythmic system takes part in the activity of the
limbs. Above, the chest organization is as still as possible; below, it is highly
mobile. The central region of the rib cage mediates between the two extremes.
The collarbone thus forms the 'head region' of the chest. These bones are
present in al higher vertebrates dominated by the nerve-sense system. Thus,
insectivores and rodents, with the understandable exception of some members
of the porcupine group (such as the guinea pigs, carpinchos, and porcupines),
have these bones. Among the carnivores only the cats and some members of
the raccoon family (such as the kinkajou) possess clavicles, and even these are
incompletely formed. In dogs seds, whales and ungulates, these bones are
entirely lacking; in some species tendonous ligaments are found in their
place™.

Thus the accentuation of the nerve-sense system on the one hand and of the
metabolic-limb system on the other affect even the formation of the rib cage.
In the one case clavicles are present; in the other they are not. This tendency
also holds true for the rabbits and hares. Thus, in the presence or absence of
this one bone, the congtitutiona differences between these two animas are
given morphological expression.

Another member of this group is the tiny pika of southern Eurasia and
North America. This animal is even more strongly influenced by the sense
system than the rabbit is. Its clavicles are well developed, and its young are
precocial. Strangely enough, however, this highly sense oriented little animal
has differentiated into dightly fewer species than the hare.

Hare Group
“-u___i
= -\-H_H"m.
Pikas”® Rabbits Hares

15 16 19 gpecies on earth
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The organization of the elephants is of extraordinary interest for our
threefold evaluation. These animals are closdly related to the ungulates, yet
they cannot be regarded as members of this group; for these largest and
heaviest of al terrestridl mammas have too many characteritics that
distinguish them from the genuine ungulates. Although they, too, have
hoof-like, thickened nails, they do not wak on these, but on the thick,
cushioned soles of their feet. Together with two other animal groups they are
therefore called penungulates. The digits of both fore and hind limbs have
remained short and more primitive in form than the elongated, highly
specialized extremities of the genuine ungulates. The elephants retain al five
toes, and the Indian elephant even has five hooves on each front foot. Near
the trunk of the body the limb bones, in a development similar to that taking
place in man, are dightly elongated; yet near the ends of the limbs the
damming processes are so strong that fingers and toes have fused to form the
elephant's 'club foot.! With an odd swaying motion that involves the entire
body and invests even its massive form with a certain grace and suppleness,
this animal moves through African savannahs and south Asian jungles. Only
two species exist today: the Indian and African elephants (Plate 181). At the
end of the lce Age, however, man hunted the woolly mammoth, which
wandered then in enormous herds across Europe and Asia

The elephant, like all the largest mammals, is herbivorous and consumes
vast quantities of leaves, twigs and even branches, thus feeding mainly upon
cellulose. Can it therefore be considered a purely metabolic animal? Its large
molars would ssam to support this supposition. Yet the elephant is certainly
no ruminant. Not its stomach, but its enlarged cecum (see page 126) serves
as a fermentation chamber. As the cdlulose ferments excessive quantities of
gas result, and the excrement itsdlf is discharged in the form of hard, dry
pellets. Only forty percent of its food is fully digested (Benedict). Is the
elephant, then, a gigantic nerve-sense anima? Its enormous tusks might
uggest that it is, snce these are really incisors that continue to grow
throughout the animal's life! In the African elephant these tusks may attain a
length of about 10 feet (or 3 meters). Yet these tusks develop from the
lateral, second incisors, not the median, first ones. (Presumably it is the third
pair of incisors that has developed in the unique case of the four-tusked
specimen shown in Plate 180.)

But how did the elephant's incomparably long proboscis, its trunk, come
into being? In order to understand this development we must first consider
the universal form of the head, as seen in man. The head, as we recall, is the
center of the nervesense system; yet, in dightly altered form, it aso
recapitulates the body as a whole. Opposite the rigid cranium, the head's
lower jaw is limb-like in its mobility. Here, the head is covered with soft
tissue, and through the mouth it is even connected with the metabolic
organization. For digestion, through the action of the saivary glands,
actually begins in the mouth. The larynx lies beneath the head, but is dtill



protected by the lower jaw, and, as the upper part of the trachea, with the
rhythmic system as well. In the region of the head, this organ recapitulates
the reproductive system and therefore changes during puberty. Between the
cranium and the region of the mouth, lower jaw and larynx, lies the middle,
or respiratory area of the head, formed by the nose itsdf, the nasal passages,
and the pneumatic cavities of the head, including those found in the upper
jaw and middle ear, and in the sphenoid and frontal bones.

This threefold form of the head appears in perfect balance in the
countenance of man. His forehead is influenced solely by the nervous system,
the middle region of his face is dominated by the nose, and the form of his
mouth and chin is determined by metabolic-limb processes. When we turn to
the mammals, however, we find that this harmony is disturbed by the
exaggerated development of the jaws. The snout greatly exceeds the cranium
in size, so that no true forehead can develop. And even the nose alone can
dominate a mammal's face. In such a case the nose lengthens to form any one
of the various kinds of trunks. These trunks appear in most insectivores
(especidly in the desmans and elephant shrews), in the hooded seds and sa
elephants, and among the ungulates in the tapirs, pigs, and, to a lesser extent,
in the moose, saiga and chiru. All of these animals show the secondary
influence of the rhythmic system. The most extreme development of the trunk
and air-filled cavities of the head is found in the elephant, whose high-domed
forehead is filled not with a highly developed brain, but with enormous
pneumatic cavities. Is the elephant's general organization therefore dominated
by the rhythmic sysem? The rib cage, with its increased number of ribs
(twenty pairs), extending over the entire length of the trunk, even to the
pelvis, definitely shows the influence of this system. In addition, the
elephant's placenta, like that of the carnivores, is hemo-chorial and zonary!
Yet it lacks any trace of canine teeth.

What are we to make of al this? A threefold anaysis of the elephant's
organization breaks down in the face of this animal's extraordinarily complex
interweaving of the three organic systems. In its complexity the elephant's
organization approaches that of man. In man the baanced interpenetration
of the three organic systems serves as the instrument of his human per-
sonality; in the elephant a similar condition prevails, but in a preliminary,
non-individualized form. The elephant is like an 'old Adam' of the ancient
mammalian world, living on into our time. Its organization therefore
shows many similarities with that of man. We have aready mentioned
the damming process active in the periphery of its limbs. The elephant,
unlike any other mammal, does not use its mouth to pick up food, but
usss its trunk instead to bring food and water to its mouth. The trunk
srves as arm and hand; its tip can even be used like fingers, to pick up small
objects. The elephant aways holds its head well above the ground. It, like
man, takes food directly into its mouth only as an infant, when it suckles at
the breast of its mother (whose mammary glands, unlike those of most other
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9%. The skull of the dephant bacomes incresdngly vertica as the animd matures
From left, infant, haf grown, and adult African ephant tuskers (after Kingdon).

mammals, are located on the chest). In later life, however, the whole jaw area
ceasss to function as an organ of grasping and recedes beneath the skull; we
cannot speak, therefore, of the elephant's 'snout.' Large pneumatic cavities
add height to the forehead; the profile of the elephant's face becomes
increasingly vertical as the elephant grows older, thus gradually approaching
the upright countenance of man. Sexual maturity is reached between the ages
of twelve and fifteen years (in captivity at eight or nine years), and
reproduction usually begins to take place when the animal is about twenty or
thirty years old. The span of its life is lso comparable to man's.

Of particular interest, however, is the elephant's change of teeth. This
animal is born with a set of milk teeth, condsting of two upper incisors and
two pairs of upper and lower grinders. After the first year, the change of
teeth begins with the shedding of the incisors. During the second year these
are replaced by permanent incisors, which continue to grow throughout the
animal's life. But how does an herbivore manage to chew with only one pair
of grinders in each half of its jaw? It is able to do so because each of these
grinders is enormoudly enlarged and has dozens of cross ridges, so that each
tooth may messure from 12-16 inches (30-40 centimeters) across. As each
grinder wears down it is shed and replaced by a new, completely formed one
that has developed in the back of the jaw. When the new tooth has been
ground down to its roots, it, too, is replaced by another, and so forth.
Throughout its life, then, the elephant is constantly changing teeth. Not only
the region of the incisors, but even that of the grinders is active in forming
teeth throughout the animal's lifetime, though in the latter case one tooth
follows another.

Each mammal, in contrast with the lower vertebrates, normally has only
two sets of teeth, the milk and permanent teeth. In its successon of molars
does the elephant grow more than the two sats of teeth ordinarily possessed
by a mammal? No, it does not; comparative research on the elephant's
prehistoric ancestors has revealed that the first three grinders to be replaced
are actualy premolars from the set of milk teeth (Weber). Only the next



97. Elephant skull in cross section (after von Zittel and Weber): @) crania cavity,
b) pneumatic cavities in the frontal bone, ¢) nasal passage, d) incisor elongated to
form tusk, €) molars, f) developing molar.

three are genuine permanent molars. Permanent premolars still appeared in
the prehistoric mastodon, but these are lacking in modern species So in the
course of its lifetime, the modern elephant may grow as many as Sx pairs of
grinders in each haf of the jaws (three pairs of premolars and three pairs of
molars). After the sixth pair has been shed, however, no replacements can be
formed. The animal is then unable to chew its food and eventually must
starve to death. Since esch tooth lasts for an average of about ten years,
elephants generally live to be about sixty or seventy years of age.

In most mammals the change of teeth takes place either shortly before or
shortly after birth. In man this process begins only in the sixth or seventh
year and lasts until the fourteenth (although the last molar, the wisdom
tooth, may grow a any time up to the age of thirty). Rudolf Steiner has
pointed out that the change of teeth is a dgn of the child's growing capacity
for intellectual learning. And the elephant? Constantly ‘teething,’ it is able to
learn throughout the greater part of its life. An adult wild mamma usually
cannot be tamed, but the Indian elephant can till be trained for work at the
age of forty (Gerlach). Thus the elephant remains at the level of a 'school
child' during most of its life.
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In the tropics there is a second group of animals, closdly related to the
elephants, and having an ongoing change of teeth similar to theirs; these are
the sea cows (sirenians). They are completely aquatic, and their hind legs have
become as stunted as those of the whales. Neither whales nor seds, they are
genuine herbivores and feed on seaweed & the sea coast or on water plants
aong the banks of great rivers. Four species are recognized today:

The African manatee Coasts and rivers of tropical West Africa

The American manatee Coasts and rivers of the tropical eastern Americas
The dugong Coasts of the Indian Ocean

The Steller's sea cow Off the Behring and Copper Idlands of the northern

Pacific (extinct as of 1768).

These medium-sized, good-natured animals venture neither onto the high sees
nor upon land. As they graze in smal herds aong ocean bays or the lower

98. The sea cows fead on water plants. The dugong (1/20 X), above, has a notched
252 tail, while the West African manatee, below, has a rounded one (1/30 X).



courses of great rivers, they periodicaly rise to the surface for air. Although
they are not ruminants, they have a four-chambered stomach, which, aong
with the small cecum, serves to ferment cellulose. The dugong's placenta is at
first diffuse and later zonary. With the exception of this animal, which has in
its upper jaw a pair of smal tusks smilar to those of the elephants, the sea
cows lack incisors in the permanent st of teeth. Canines are lacking in the
permanent teeth of al species, but they are sometimes present in the embryo's
milk teeth. The grinder teeth are replaced according to a sequence similar to
that of the elephants; as each molar wears down it is shed and replaced from
behind. As each new tooth moves forward its socket is displaced, so that the
bone in front of the tooth is continuoudy dissolved, while new bony
substance is built up from behind. Throughout the animal's life the teeth and
bones of the jaw are continually formed anew. We sugges, therefore, that the
sea cows possess a life-long capacity to learn, though | have been unable as
yet to discover any evidence to that effect. The grinders are of course not so
oversized as those of the elephants and are therefore more numerous; as many
as 9x may be present smultaneoudy in each haf of the jaw. In the manatees,
in fact, the number of molars is limitless; the tooth-forming tissue remains
active until the animal's death. Tooth after tooth is worn away, discarded,
and replaced. What these aquatic animals express chronologicaly in the
sequential replacement of teeth is given spatial expresson by the dolphins,
and, in a preliminary way, by the seds, in their increased number of teeth
(se page 58). The additional finger bones typical of the toothed whaes
(2= page 63-64) are occasiondly found in the sea cows as well (Mohr, 1957).
Many aguatic animals have an increased number of teeth; this phenomenon is
not limited to any single group.

The hyraxes, or dassies, make up a third group of animals, closdy related
to the elephants. These animals are no larger than rabbits, and the name
‘cony," by which they are designated in the Old Testament,* is actualy an
Old English word meaning 'rabbit’ (Romer). Even today the northern-
most species of this group lives in the mountains of Syria and lsragl.
In smal family colonies, members of this group play like marmots among
the rocks and immediately disappear into hidden crevices when disturbed
(rock dassies). Distributed over Arabia and the entire continent of Africa,
these animals inhabit deserts, plains, bush country and forests. Zoologists
distinguish three genera and eight species within this group. The externa
appearance of these remarkable animals would seem to indicate that they
should be classfied with the rodents rather than the elephants. Yet they
share far too many characteristics with the sea cows and eephants to
permit such a classification: the large number of ribs (about 20 pairs); the
location of the milk glands, on the chest; the placenta, which is at first
diffuse and later zonary and cotyledonary; the unusualy long gestation

* Proverbs, 30, 26; Psdm 104:18
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99. The dasses, though smaler than the hares, are closdy related to the elephant
(/8 X).

100. In the skull of the dasse the
elongated incisors are quite
conspicuous (1/2.5 X; after
Weber).
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period (225 days in so smdl an animal!); the precocial young; and the
absence of clavicles.

The originad home common to al three groups is Africa. Even today the
dassies are restricted almost entirely to Africa, while the sea cows have spread
from the African coasts throughout the oceans adjacent to this continent. In
addition, the earliest prehistoric ancestor of the proboscidians (the
moeritherium) lived in what is now Egypt during the early Eocene epoch;
only later did the proboscidians spread from Africa to all continents except
Australia; on the American continent, however, they soon died out.

This penungulate group, composed of the elephants, ssa cows and dassies,
is quite remarkable. These three families are so dissimilar in shape that their
relationship was long unsuspected by taxonomists. The threefold method,
however, reveds that they form a dngle group of their own, in which the
dassies are dominated primarily by the senses the sea cows by the rhythmic
system, and the elephants by the metabolism. It is therefore not surprising
that the dasses remain quite smal and have 'gnawing teeth' similar to those
of the rodents. Our method aso shows why the sea cows, as rhythmically
oriented members of a basicaly metabolic group, are aguatic animals. And
because the elephants form the group most similar to the hoofed animals, they
too accentuate the head, by forming huge protuberances such as tusks, trunk,
and, in the African elephant, very large ears. Even in their visble forms,
then, these three families, despite their obvious differences, represent a single
related group. The number of gpecies existing today aso supports this
conclusion.

Penungulates
e
_'__'_'_,__;-'—‘_ -\_"‘-\—\_\_\_\__\_
= T ——
..-'-"-'_'_'-FF ;‘ T
Dassies Sea cows Elephants
8 5 2 gpecies on earth

The penungulates are thus as smilar to the genuine ungulates as the hares
and rabbits are to the rodents and the primates are to the carnivores. These
animals show formative processes similar to those of the rodents, carnivores
and ungulates, and yet fall to attain the extreme specidizations shown by
these three groups. The many primitive, unspecialized characteristics of the
penungulates indicate that in them the three organic sysems have remained
quite closdly connected. In his perfectly balanced union of the three systems,
we find man's physical organism at the center of these three groups.

Hares and Rabhits Insectivores, Primates Penungulates
Man
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X1V The Threefoldness of Man

All organisms, including man's, share a common evolutionary development
and are therefore related to one another with varying degrees of closeness.
This significant idea, which has gained genera acceptance since the nineteenth
century, is fundamental not only to conventional methods of biology, but aso
to the Goethean, anthroposophical method presented here (Hemleben). That
al organisms sem from common ancestral forms can no longer be held in
doubt.

Yet it is gill necessary to ask how this evolutionary development took
place. Did the animals in fact descend from plants, the vertebrates from
invertebrates, the mammals from reptiles, and man from the gpes? We are
accustomed to asking this question in just such a simpligtic form. Yet nothing
could be more certain than the fact that no modern invertebrate is ancestor to
any living vertebrate, and it is equally evident that no mamma existing
today has descended from a contemporary lower vertebrate, nor man from
any modern ape. Thexe facts are sdf-evident; yet we ill must strive to
understand the basic principle underlying them. Man, apes, mammals, and so
forth have evolved from common, extinct ancestors. This common ancestry is
the basis for the relationships that obviously exist among them.

The sequence of ancestral forms is often presented as a 'genealogica tree,
in which the animas of today represent the peripheral twigs, while fossl
forms from earlier geologica epochs form the central branches, boughs and
trunk. We come closer to readlity, however, when we take as the image of
evolution not the tree, which puts forth the same lesf form each year, but the
annual plant, whose every legf is different. The seed leaves (cotyledons) of
the latter are followed by primary leaves and foliage leaves, the bracts lead
to the leaves of the calyx and corolla, and even the filaments and pistil are
transformed leaves. The successon of these lateral forms may take place in
many small steps or in a few dramatic leaps. And yet, as various as the leaves
are in their sequentia development, they form together a complete and
finished whole, as does each organism during the normal course of its life.

Every leaf thus takes part in two metamorphic processes (Bockemhl,
1967). On the one hand it develops out of a lateral budding of the growing
shoot, spreading out, flattening, developing lobes, and finaly attaining its
finished form. This transformation takes place with perfect continuity. Yet
eech finished leaf adso stands within a second developmental sequence,
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between the leaves previoudly formed and those that follow. Particularly in
annual plants, these sequential stages of growth are by no means chaotic but
follow a strict, living order, described by Goethe (1790) as a "threefold
expansion and contraction." At any given moment, however, only a minute
segment of this second metamorphosis is visible to us. Obvioudly, no finished
leef alters its own shape to conform with that of the leaf that follows. It is
not the visible, finished leaf that undergoes this second metamorphosis, but
the ability of the shoot to develop different forms, as the diverse kinds of
finished leaves bear witness. They bring to visble manifestation the
evolutionary steps that take place within the tip of the shoot, within the
vegetative cone that constantly renews itsdf. Thus each leaf takes part in
both a visibly continuous, quickly finished metamorphosis and one that, to
our sight, is discontinuous.

The image of a 'genedlogica tree' is therefore hardly appropriate, for in
the evolution of organisms we see this second kind of metamorphosis. The
same is true of fosslized organisms of earlier geologicad epochs.
Paleontologists have discovered many series of animal species; and the greater
the resemblance among the single forms, the more evident their common
ancestry. Yet even such tangible evidence as this does not prove that the
organisms discovered have actually descended from one another through
procreative connections. For in general, each animal represents a completed
stage within evolution, just as the sngle leaf is itsef complete within the
metamorphosis of the entire plant. Even as each new discovery in the
geologicd strata of the earth brings important evidence for the course of
evolution, S0, too, we are pleased to find in the blossom of the water lily
many intermediary stages between the leaves of the corolla and the filaments.
Yet no sngle lesf has been transformed into another! And it is in this
metamorphosis of the plant, discontinuous to our perception, that answers to
the riddles of evolution must be found.

All the fossl and contemporary organisms we can observe are related to
one another through ancestors that actually existed. We can imagine,
however, that these omnipotential forms, like the vegetative cone of the
plant, which remains in an embryonic state, could not be preserved as fossls
because of their tentative plasticity and lack of firm substance. Yet they must
have existed, or there could not be the obvious relationships we now see
among their descendants. Such an idea is not without precedent. Schrammen,
for example, has aready demonstrated that the decisive transitionary stages
in the evolution of the Cretaceous period's sliceous sponges must have been
of a kind that could not be petrified, e they would have been incapable of
carrying out the necessary steps of evolution®.

But what develops from the formative centers of evolution visible to us
today? When the plant cesses to put forth leaves, the formative tissue itsdf
appears—and ends its growth—as fruit. Might this process be taken as an
image of evolution's god? Gobel (1968) has stated that in the fruit, as



nowhere e in the plant's metamorphosis, sem and lesf become one. The
hitherto hidden formative center, together with all the organisms that have
previously developed from it, at last makes its appearance in the evolution of
the living world. The fruit of the whole evolutionary process is the fossl
found last: it is man. Man's ancestors, who, like the vegetative cone of the
plant, could not be preserved in all their continuous transformations, are the
original form of dl the living creatures that have ensued (Tittmann). It was
from the ever-developing ancestor of man that the profusion of the kingdoms
of nature gradualy split off; their fossl and present forms testify indirectly
to the course of his evolution. Every newborn mammal, with its relatively
rounded forehead and as yet undeveloped snout, suggests such human
origins™.

Though this theory of the evolutionary relationship between the animals
and man goes beyond conventional ways of thought, it is nevertheless based
solely upon developmental phenomena to be seen in the living world. No
exiging scientific observation contradicts it. Such an interpretation of the
events of evolution is certainly unusual, yet it alows us to rediscover the rea
meaning of the various animals that surround us. It presents an image that
grants us indghts into stages of man's evolution no longer available to our
senses. For on the basis of their degree of relationship to man the animals are
divided into the various taxonomic groups (such as classes, orders, families,
and so forth). The vertebrates are closest to man, since it is they who received
from his ancestor the vertebral form.

The fishes as we mentioned in Chapter XI, were the first to develop a
fully centralized nervous system. The amphibians, in acquiring the lungs as a
new organ of breathing, added an inner breathing surface that made it
possible for them to live on land. The reptiles’ dry skin, reinforced with scdes
or horny sheaths, has freed them from an aquatic environment. Because their
body heat remains constant, the birds have become independent of the outer
temperature. In the mammals the entire development of the embryo has been
transferred to the interior of the body. In this way the mammas have
attained an especialy high degree of independence from their surroundings,
yet, snce their limb sysem must till adapt to it, even they remain closey
bound to the environment.

The fina step to be made in this process of emancipation is taken by man's
organization, through the speciad form of his limbs. His hand, in its balanced
fivefingered structure, is not limited to any one activity. In this sense, we
could say that man's hand is perfected. Yet, biologically speaking, it must be
caled underdeveloped, for it needs tools in order to compete with abilities
the animals naturally possess. Man has no shovel-shaped limbs like those of
the mole; he must use a spade. Neither are his hands shaped like paddles, as
are those of the sedls, but he requires oars. He has no hooves but needs shoes.
It is nature that provides the tools necessary for an animal's existence. In this
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respect most mammals are morphologically superior to man. However, snce
the human hand has not adapted to any single dement or purpose, it is aso
not limited to one capability: man can use one tool and put it down again so
as to take up a second and a third. It is just the imperfection of man's hand
that permits him a choice, a choice that no animal can make to the same
extent. Man's perfection is his imperfection: he can learn to choose fredy
what nature has not decided for him. In most cases the animal is permanently
tied to the tool its limbs have become and thus remains dependent on a
certain environment™. The high degree of emancipation achieved by man's
limbs is illustrated by his flat, delicate nails, which are of little mechanica
use. By contrast, what a diversity of practical tools is shown in anima claws
and hooves! It is dso significant that man's upper limbs have been relieved of
the task of moving the body. A few animals (such as the jerboas, kangaroos,
penguins, and the curious King's lizard of Australia) also have upper limbs
that need not be used for locomotion; in their case the transformation has
never gone so far as to alow the entire spinal column to be held erect.

Even more interesting, however, is the construction of the lower limbs of
man, where his organization is forced to undertake the function of
locomation, and thus to come to terms with gravity. The lower limbs of man
are specially adapted: namely, they must adjust themsdves fully to the
force of gravity. In the animas the necessary adaptive processes aways
take place in the peripheral parts of the limbs, the parts closest to the environ-
ment. Thus the thigh bones and shanks of horses are relatively short,
while the metatarsus and toe, and the nail that meets the ground, are
powerfully developed, the lateral toes being stunted and serving only
to reinforce the central digit. The legs and feet of man adapt in the
opposite manner. Here, the peripheral parts of the limbs remain relatively
short; al five digits are retained; the foreshortened toes are held back in their
development; claws or hooves are totally absent; the toe nails are deeply
imbedded in the matrix; and the first toe, in contrast with the thumb on the
hand, is closaly connected with the sole of the foot. The portions closest to
the body, however, are elongated: the femur is the longest bone in the entire
body. In the animals those portions of the limbs nearest the surrounding
world are best developed; in man, however, it is just these portions that are
held back in their formation, while the weight-bearing parts of the limbs
develop out from the area of the trunk. The stable efficiency of man's legs
develops not from the periphery, in adaptation to the demands of the
environment, but out of his organism itsdf. In the anima those portions of
the limbs nearest the trunk are withdrawn from the environment, while the
peripheral parts join with it in order to perform a specific function. Man's
legs grow out towards the environment, while his feet withdraw from it.
Short legs and long feet would seem inappropriate for man, not on esthetic
grounds aone, but for reasons of real significance.

Man's limbs, because of the damming process active at their periphery, are
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101. Skeletal structure of the leg and foot, as found in embryonic form (center),
the adult horse (left), and the adult human being (right). Note that those
bones nearest the ground have elongated in the horse, while in man those bones
nearest the body are longest.

Fe Femur, P Patella, T Tibia, F Fibula, C Calcaneus, M Metatarsus.

freed of any too direct dependence upon the surrounding world. His lower
limbs play a specia role in this process of emancipation. When we observe
the movements of a newborn child, we are amazed by the strength of his
mouth. While arms and legs are ill incapable of organized, voluntary
movement, the jaws, through their own powerful activity, suck the milk that
nourishes the growing infant. Suckling is the first 'limb' activity of man. We
may therefore assert, with Goethe, that the jaws are the limbs of the head™.
During the second quarter of his first year the infant gradually gains mastery
over his arms and hands; he is able to grasp things. But how many things he
still puts into his mouth and grasps with his jaws! Gradually, however, the
feet come into their own, developing more and more independent activity,
until the capability of coordinated movement has reached even the lower
extremities; and the child at the end of his first year can stand and walk
unaided. Thus, man's limb activity is gradually transferred from the region of
the head, through the arms and hands, to the legs and feet (see dso Konig,
1963).

Since the locomotive function has been taken over completely by his legs,
man's arms are freed, so that he can manipulate, or handlethings. This decisve
transformation of the limb function is what determines the specia nature of
the human body. Man's ability to stand erect and walk is made possible by
the fact that his lower limbs have taken over the activity of locomotion,
leaving his upper organization free. Since the jaws are liberated early from
the function of grasping, their development is held in check, and they may
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102. The bone structure of men and that of the gorilla (from Brehm).

then be used in the service of gpeech (see dso Kipp, 1955). Because his ams
ae relieved in infancy of their locomotive function, they remain
unspecialized throughout life and can perform man's infinitely variable deeds
in the world. And since his legs, in taking over the function of movement,
have nevertheless also withdrawn from the direct influence of the outer
world, man has the biological capacity to choose fredy the direction of his
own steps. Even as early as the lce Age, man, unlike any of the higher
animals, was distributed over every continent on earth. "Never has a higher
animal taken possesson of the earth to the extent that man has" Sates
Teilhard de Chardin.

Even the anthropoid apes, the animas most closdy related to man, have
faled to attain his complete emancipation of the limbs. The protruding teeth
and jaws and the mobile, grimacing lips of the adult, in particular, are
frequently used for the grasping and picking up of food. The limbs of the
chest region, with their elongated forearms and hands, are clearly modified



103. Left, the hand, right, the foot of a gorilla Compared with the large pdm, both
fingas and thumb ae foreshortened. The hed of the foot is secondaily
undeveloped (Wegtenhdfer); and the big toe, like the thumb, is gpposdble (after
Pocock and Weber).

for the swinging motion with which the anima propels itsdf through the
treetops. At their extremities, then, the ape's limbs have come under the
influence of the environment. In comparison with the arms, the legs have
remained short. They are neither elongated near the trunk nor shortened to
form genuine feet at the extremity. Instead, the foot remains hand-like, with
an apposable great toe that resembles a thumb.

Man's specid relationship with gravity does not exist for the ape (Schad,
1965). Yet in the immature ape—and this is important for the concept of
evolution—certain echoes of the human limb organization are found. The
jaws do not yet protrude beneath the arched, well-rounded forehead; forearms
and fingers are not yet elongated; and the bones of the foot (particularly the
tarsus) resemble those of man (Westhdfer). In the adult ape, however, the
limb activity has not been withdrawn from the head and arms and brought
entirely into the legs and feet. Only man has taken this evolutionary step.

The above statements, based on direct observation of external phenomena,
are confirmed by Rudolf Steiner's description of man. When Steiner discussed
the teaching of zoology with the teachers of the first Waldorf School, he
characterized man's body as a limb organism (1919 b). "We must bring before
the children the feding that the outward form of man is the most perfect in
all creation. This perfection is attained in the limbs. ... With respect to the
organization of the limbs no animal is as perfectly formed as man.”
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We are now able to make our first complete survey of the progressive
emancipation of the organic systems:

Invertebrates  Fishes Amphibians Reptiles Birds Mammals Man

Sense Central Respiratory  Fluid Warmth  Reproduc- Limb
System Nervous  System System System tive System
System System
Body Brain Lungs Heart Viscera Uterus  Legsand
Surface Organs particularly
the feet

In this sequential order today's living world presents an indirect picture of
the true course of evolution, which consists in the progressive emancipation of
life processes from the direct influence of the outside world. The biologica
prerequisites for all that man enjoys as freedom of the soul and spirit have
been given him by the whole course of this evolutionary development (see
aso Kipp, 1949, and Hassenstein).

Of particular interest is the order in which the organic sysems were
emancipated from the environment. Going beyond the plant nature, the
lowest, invertebrate animas were the first to develop genuine sensory cels
and organs, which have attained their highest degree of specidization in the
insects. The fishes added a fully centralized nervous system. Only then were
the processes of the rhythmic organization (first the respiratory, then the
circulatory systemd) freed from the environment. Finaly, the metabolic
system, reproductive organs, and limbs were transformed towards freedom. A
form developing sequentially through time becomes apparent: the sense and
nervous systems began the emancipation process, being the first to become
independent of their surroundings; the emancipation of the metabolism and
the limbs was retarded, thus making possible the development of the higher
animals. Because man's biological independence from the outside world began
in the head and gradually extended to include al organic systems, even that of
the limbs, he developed not the most specialized, but the most harmonious
and perfect physical organization. Man's body, because of its high degree of
biological independence, has become the dwelling place of his sdf-conscious
life of soul.

It was the formation of the feet that permitted the ancestor of man to
become man himself. This statement may sound strange in light of the
prevailing opinion that man owes his individuality to the extraordinary
development of his brain. His cerébrum in particular is well developed in
comparison with those of the animals. The whole structure of his head is
determined by the fact that the cerebral skull, with its high forehead,
dominates the sensory part of the head and allows man's full countenance to
appear. Is man then characterized by the limbs or by the brain? It could in
truth be sad that the two characteristics are correlated and mutually
condition one another. For in man aone the activity of the limbs has been



withdrawn entirely from the region of the head, which has in turn become
free to develop the upright face and arched forehead so characteristic of him.
Thus, the formations of the limbs and of the brain are inseparably connected
in man's evolution™.

We have now the basis for a closer examination of man's threefoldness.
What is it that distinguishes the threefold nature of man from that of the
mammals? In the animal's nerve-sense system, the sensory capacity is
especially well developed. The auditory perceptions of mice and bats, for
example, or even of cats and dogs, far surpass those of man; and the sense of
smell possessed by many animals is superior to his. Yet this abundance of
sensory  perceptions can be transformed into an active conceptual life only
with the aid of a highly developed nervous system, while the animal's smple
brain functions only within the framework of the meaningful, yet
non-individual, behavior of its species. In metabolic efficiency, as well, the
mammalian organization surpasses that of man. The cdlulose an herbivore
consumes, or even the food a polar bear is forced to eat in winter, would far
exceed the capacities of the human digedtive tract. Thus, in some respects the
animals have reached a state of biologica independence greater than that
achieved by man.

In the animal sense processes dominate the nerve-sense system and the
metabolism dominates the metabolic-limb sysem. In man, however, the
central nervous system has reached a degree of perfection equal to that of his
sense organs, and in his lower organism the specia formation of the limbs is
equal to the development of his metabolic capacities. Since the limb and
metabolic organizations balance one another in development, a certain
harmony prevails even within this lower sysem. Similarly, the extreme
receptiveness of his snses is balanced by a well-developed nervous system, so
that the upper system, too, has internal harmony. Man's central organization
is therefore in the unique position of mediating between polarities that are
themsdves internally harmonious. Unhampered by extreme, one-sided
conditions, the rhythmic processes of man are free to work according to their
own inherent nature. The three systems of the human body are therefore able
to remain completely autonomous.

We must now confront the question of man's threefoldness in al its
implications. How can three relatively independent systems cooperate so
closdly? Is it not true that the human organism above al others represents a
unified biological whole? How can it be one and yet threefold?

Once again, it is the organism itsdf that provides the clearest answer to its
'open secret.' In the third chapter we mentioned that the teeth show in
miniature the interrelationships of the three organic sysems. There we
discovered the baance and homogeneity of the incisors, canines and grinders
(premolars and molars) of man. The teeth of modern man, however—and it
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is essentid that we understand this correctly—do not appear in their
original, complete number. Only a comparative study of al the dentitions
possesd by the mammals can reveal this original structure. The original
dentition contained, in each ramus of the upper and lower jaws, three
incisors, one canine, four premolars and, after the change of teeth, three
molars. a total of forty-four teeth. These numbers are usualy expressed ac-
cording the following dental formula:

Incisors
Canines
Premolars
Molars
3143 upper jaw = 11 |

3143 lower jaw =11 X2=4

The pig, a rather primitive ungulate, retains this complete st of teeth; yet
all three types are exaggerated in form. The incisors are elongated and
protrude from the mouth, the canines have become large tusks, and the
molars are conical in shape and covered with numerous cusps. No animal has
a complete st of teeth in baanced form. The uniquely harmonious
completeness of the human dentition is possible only because each of the three
types of teeth is held back in its development. Man therefore has two rather
than three incisors in each haf of both jaws; the canines, unlike those of
the closdly related apes, protrude no more than any of his other teeth; only
two premolars develop; and the last molar, the wisdom tooth, is often
stunted.

A reduced number of incisors is also found in many insectivores, as wel as
primates. Without exception the lemurs have only two incisors in each hdf of
the jaw, but in some species (such as the aye-aye of Madagascar) these may be
as elongated as rodent teeth. The genuine apes limit the number of premolars,
as well. The rather primitive flat-nosed monkeys have three premolars, while
the more highly developed narrow-nosed species have only two. The latter
group includes the man-like apes, whose dental formula is identical to man's.

2123 |y 5=3
2123 |

Yet the canines of the apes resemble those of carnivores in their exaggerated
size and length (Plates 178 and 179). The apes are so thoroughly dominated
by the middle system that they have lengthened canines despite the fact that
they are mostly omnivorous or even entirely herbivorous (as are the African
guereza and gorilla). In man even the canines are adlowed to recede, soO
completely has he overcome the one-sided dominance of any one of his organic
systems. This limited development of the canines is so characteristic of man
that it provides definitive evidence for the identification of fossls. A fossl is
classified as human if no elongated canines or corresponding gaps between the



other teeth arefound; this is considered a positive morphological identification.

In man all three types of teeth are restrained in their development, and it
is this restraint that makes possble the extraordinary harmony of his three
dental structures. When the formation of the teeth is recognized as basic to
the form of man's organization as a whole, it presents the threefold, yet
indivisble nature of man as clearly as the upper, middle and lower sysems
themsalves do: in man al three biologica potentialities are held in check.

These and similar phenomena (we are reminded here of the human
intermaxillary bone, so long undiscovered) moved Goethe (1795) to remark,
"We cannot regard man as the archetype of the animals, nor the animals as the
archetype of man." Our threefold method, however, enables us to move
towards an understanding of the real nature of the relationship between man
and the animals. Man, of course, does not provide the archetype for any
sngle animal; he is instead the archetype that reveds how all the anima
Species, in their abundant diversity, form a coherent whole.

Yet another dimenson of man's threefoldness is reveded by his
embryological development. A description of this development, which is
naturally hidden from our eyes, may be found in the German edition of this
book; here we shdl limit our discusson to visble phenomena: the form of
man's placenta and the stage of development attained by the newborn child.
The placenta of man is at first diffuse, and its entire surface is covered
with villi. A histotrophic, oxygen-poor form of nourishment is thus
predominant at this time. Gradually this enveloping, preliminary form gives
way to a narrowed discoidal placenta, whose hemochorial structure provides
the fetus with hemotrophic nourishment that continues until birth. Thus, at
firgt, the human placenta resembles the simple, enveloping form maintained
throughout gestation by the ungulates; only later does it assume the discoidal
form developed so hastily by the rodents. Through retardation, the ungulate
develops only the early type of placenta, while the rodent, through
acceleration, skips dmost every stage but the last. Although the carnivore's
placenta, like man's, is diffuse a first, it develops only as far as the
endothelio-chorial stage and thus remains incomplete. Only man's placenta
pases through the entire spectrum of possible forms, from the one pole to the
other, thus taking part in them all®.

At the moment of birth man's physical form appears in the outside
world. This moment is quite significant for the biology of form. Portmann
(1959), in describing the physical characteristics of the human child at birth,
tried to determine whether man should be considered precocid, like the smal
mammals, or dlftricial, like the large ones. The helpless condition of the
newborn child and his undeveloped powers of locomotion would seem to
indicate that he is only altricial. Yet his distance receptors—his eyes, ears
and nose—are as complete in their development as those of the precocid
animals. Man, remarkably enough, is both altricial and precocial.
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Precocial characteristics

The eyelids open before birth, in the
fifth month of gestation;

Distance receptors are functional at
birth;

The sheathsof the pyramidal tracts(like
those of the ungulates) are complete;
The full number of nerve fibers in the
ventral roots of the spinal cord are

Altricial characteristics

Bones are dtill partly cartilaginous and
the fontanelle remains open for one
year,

Body proportions, especialy of the
trunk and legs, are markedly different
from those of the adult form;

The limbs, like those of precocia
animals, are non-functional.

present for both arms and legs (in al-
tricial animals these are present only
for the arms).

The above survey presents in summary the characteristics cited by
Portmann. Its results are rather surprising in light of our threefold method of
observation, for it is the nerve-sense sysem whose development at birth is
comparable to that of the precocial animals. The lower system, particularly in
the limbs, appears to be underdeveloped. In the one system the human infant
is precocia; in the other he is aftricial. Thus he is neither one nor the other.
Neither the one-sdedness of the altricial rodent nor that of the precocia
ungulate characterizes the newborn human child. It might therefore seem
reasonable to assume that the child's condition at birth would prove similar
to that of the mammas who are dominated by the rhythmic system, the
carnivores. Yet his condition at birth is in no way comparable to theirs; and
it is this observation that leads us to a proper comparison.

Cats and dogs are born in a medium state of maturity. Both their
nerve-sense and metabolic-limb systems are dightly more mature than those
of typically altricial animals, yet without being precocial. In man, however,
no uniform level of development exists, rather, he is a once fully altricia in
his limbs and fully precocial in his senses. The polaric opposites are unmixed,
exiging simultaneoudy within his organism. No comparable differentiation
between the levels of development attained at birth by the upper and lower
sysems exists in any animal. All three sysems of the body are highly
developed in the newborn ungulate, in a state of medium development in the
carnivore, and underdeveloped in the rodent. Only the totality of all three
mammalian groups reveals the full range of development found within a
single newborn child.

Genuinely premature at birth are the atricial young of the sense oriented
animals (the mice, squirrels, wessds, and martens). Because they are
born in a far too embryonic condition, they are unable to digest fully
all the simuli of the outside world and therefore remain smal and
sendtive even as adults. The young of metabolic animas (the ungulates,
whales, sedls, and porcupines), on the other hand, are born late®’. They are
too complete at birth to permit the environment to take part in their further



development®. The carnivore is born at the normal stage of development. In
man, by comparison, only the rhythmic system is born a the normal time.
With the first breath the lungs are inflated, thus becoming morphologically
and functionally 'adult’; simultaneoudy, certain structural changes occur in
the heart so that a mixing of arterial and venous blood no longer takes place,
as it does in fetal circulation. At the same time, man's head is born late, and
his limb organization prematurely.

The unique condition of the human infant is further clarified when we
compare with him the newborn of man's closest relatives, the primates. The
lemurs and monkeys enter life in a more finished condition than the human
child does, while the newborn anthropoid apes possess a degree of maturity
midway between man and the monkeys. The infant gorilla, for example, is s0
weak during its first few weeks of life that it cannot even cling to its
mother's fur (Lang). Yet the disparity between its upper and lower systems is
not nearly so great as that found in man, for the gorilla becomes capable of
independent movement far earlier than the human child does.

The anthropoid apes are smaler at birth than the human infant, yet their
gestation period is roughly comparable to his, being only slightly shorter™.

Man 274 days
Chimpanzee 240 days
Gorilla 255 days

Orangutan 270 days

Nevertheless, these animals are more advanced at birth than man is;
evidently, their prenatal development is dightly accelerated in comparison
with his. This accelerated rate of development increases after birth, so that
the anthropoid apes take each step in postnatal development in about haf the
time necessary for man.

First standing| Eruption of ffirst and last First Life
with support Milk Permanent | menstruation| expectancy
tooth tooth
Man 9 months | 1288 6.2-205 13.7 years 75 years
months years
Chimpanzee 15 months 2512.3 29102 88 years 35 years
months years

(after Schulz and Steinbacher)

Thus, a a time when man is fully engaged in active life, the anthropoid ape
dies of old age. Every aspect of this animal's life is influenced by the
acceleration of its biological development.

In summary, newborn non-human primates resemble the human infant
dightly at birth, but the gap between the two widens rapidly. The newborn
ape oon comes to resemble the genuine altricial animals, though it never
becomes as independent as an infant ungulate of comparable age.
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All primates are distinguished from other mammals by the close connection
between mother and child, a connection that culminates in man. Man's
childhood is longer than that of any animal, and it is this period of
protection and dependence that makes it physically possible for man to grow
up in a manner that is unique in the natura world. For man aone is
protected long enough to enable his three organic sysems to mature at very
different rates. Since he redizes dl three dsages of development
simultaneoudly, he unites within himsdf all three potentialities for one-sided
development, bringing them into harmony without reducing them to a
common level. Physiologicaly, his condition at birth is 'universal.'

The very appearance of a newborn child thus guides us to an understanding
of man's physical organization as a whole. Not one, but three different,
relatively autonomous, chronologica processes give form to man. The
autonomy of man's three sysems is therefore even greater than we had
previoudy assumed. His nerve-sense organization attains physical maturity
quite early. Characteristic of the human infant is the large head, with a
precocioudy developed brain and active sense organs. It is best to alow this
organic sysem to develop gradually during early childhood. Any excessive
demands made either upon the senses by unharmonious surroundings or upon
the brain by premature intellectual instruction may cause irreversible damage
(Moore). The rhythmic sysem reaches maturity during the second seven
years, between the change of teeth and puberty. Steiner (1919 b) pointed out
to the teachers of the first Waldorf School that the child should be helped
during these years to establish a proper coordination of rhythmic functions,
particularly of breathing and heartbeat. The am of education during these
years should be to bring about a healthy development of the child's rhythmic
system. Only during the third cycle of seven years does the metabolic-limb
region attain maturity, along with the organs of procreation. All that is
childlike now falls away from the adolescent, who, with the development of
his lower system, is for the first time completely a home on earth. What we
se in the mature human form is the spatial manifestation of the three
developmental processes that were so clearly differentiated even in the
newborn child. The threefoldness of man is based upon three organic systems
differentiated in time.

What we have observed on a biological level distinguishes man from the
animals on the soul level as well. He does not enter completely into the
present but experiences in his soul far more than the present moment can
provide. To a greater degree than any animal, he can learn from past
experiences and apply them fruitfully to the present. And he can plan for the
future, thus gaining some mastery over it. Past, present and future are
redlized simultaneoudly in the soul of man. Is it not possble that these
capacities are directly connected with the fact that his three organic sysems
develop at different times?



Let us now examine the variations that can occur within the human
organization itsdf. During the past sixty years many scientists have studied
the various physiological constitutions of man. On the bass of research
conducted by Challou, MacAuliffe, Sigaud and Bauer, Ernst Kretschmer
identified the following congtitutional types among adult males:

Leptosome (dender-bodied type)

Athletic (competitive type)

Pyknic (corpulent type)

Dysplastic (underdeveloped type).
This classfication has since been refined by W. H. Sheldon (1940), who
describes the following three types:

Ectomorph

Mesomorph

Endomorph.

The ectomorph is generally tall, dender, and rather delicate in build. He
has a long neck, drooping shoulders, and a dender trunk. Long,
weskly-muscled limbs show his limited vitality. According to Karl Kénig
(1962), a psychiatrist who was active in applying the ideas of Rudolf Steiner
to the education and care of mentally handicapped children and adults, the
chief characteristic of the ectomorph is his restraint, his inhibition.

Such a person has the greatest difficulty in speaking loudly or melodiously. He often
begins a sentence only to stop and say, "Oh, | can't express mysdf!" In sitting, he
not only crosses one leg over the other, but even wraps it around a second time. This
is the kind of person who, when he comes for an interview, never takes off his coat.
Such a person, who is dominated, as it were, by his cerebrum, his brain, is as enclosed
within his own private world as the brain is within the skull.

The ectomorph often tends to formulate rigid concepts and abstract
thoughts and is in danger of becoming dogmatic. His thoughts and fedings
are often able to carry on separate exigences within him, so that he may be
designated 'schizothymic' (psychologicaly divided). In abnorma cases this
one-sidedness may lead to schizophrenia. The majority of schizophrenic
patients do in fact have an ectomorphic physical constitution.

The endomorphic, pyknic type is characterized by a round head and broad
face, a short massve neck, and a sguat figure with large body cavities and
weak limbs. A tendency toward obesity is typical. According to Konig the
endomorph is characteristically relaxed.

This is a man who loves comfort. He prefers not to st on a hard chair, but to relax
in an easy chair. He is generally quite sociable, sometimes without discrimination,
being friendly to everyone. Food plays an important role in the endomorph's daily
life. He loves to eat, and he appreciates a good meal. He ddlights in sitting down in
comfort to his meal, with company. He also enjoys the period following the meal—in
short, the whole digestive process. He therefore tries to shape his surroundings as com-
fortably as possible. He likes to be surrounded by nice things and he needs the praise
and admiration of others. He often requires their comfort and support, as well. He is
definitely opposed to physical exercise of any kind—climbing, hiking, skiing or
skating—he does his best to avoid them all!
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Such a man is usually congenia, with a sense of humor and a tendency to
keep his own practica ends in view. Snce his mood typically fluctuates
between depresson and euphoric happiness, the endomorph is often
cyclothymic. In severe cases he may even become manic-depressive.

A third, very different physiological type is the mesomorph. Strong in
stature, muscular and athletic, he has a rectangular face, broad chest and
rather well-proportioned build. According to Konig his principal activity is
motor.

When he enters a room he finds it impossble to st down and be dill. Ingead he
walks around and shekes hands with everyone, gpproaching esch person quite directly.
He tells everyone who he is and why he is, what he thinks and what he does For
him, activity is an absolute necessty. Fatigue overtakes him only suddenly, so he
fdls adegp for a fev hours—and rises early in the morning. This is a man who looks
for trouble; he loves to gt himsdf into dangerous Studions. He condantly seeks
activities in which danger lurks just ahead of him. But the one thing he cannot stand
is londiness. He auffers greatly from daugtrophobia and cannot bear to be shut up in
aroom by himsdf; a lesst a window must be open. If he and another

ae in the same room with thirty or forty other people, it will be just these two
who make mogt of the necessary, and unnecessary, noise. Such a person dway's spesks,
and even coughs, loudly.

He often seems to be unconcerned with the existence or needs of other people.
The energetic nature of such a man can aternate between cool composure
and explosive rage. Epileptics often have a congtitution of this type (Bleuler,
Treichler).

It must be emphasized, of course, that not al individuals fit into these
categories. They cannot be applied at all to women or children. Yet
Kretschmer (1944) reports that Saza found 60 percent of the male population
of Japan to be clearly divided into these three categories.

We must regard these constitutional types not as merely accidental but as
concrete manifestations of man's threefold organization. The ectomorph has a
physical constitution governed largely by his head, particularly the cerebrum;
psychologicdly, then, he is 'cerebrotonic. The endomorph is dominated
principally by his digestive processes and is psychologicaly 'viscerotonic.'
The mesomorph is psychologically ‘somatotonic’ and has a strongly developed
circulatory system, robust heart, and strong muscles.

The exigting research on constitutional types is in most cases quite tentative
with regard to the physio-psychological constitutions of women. The femae
constitution does appear to have more generalized features than the mae, and
it is less likely to develop extremes. Yet Karl Konig (1962) has made a
remarkable first attempt to delineate the feminine congtitutional types, which
do not coincide with those of men.

The firgt type he found to be rather tall, with a relatively small head, and
long neck, legs and arms. Women of this physica type are often fairly
muscular; they ssam to be dominated by the limb sysem. A second, con-
trasting type ssems to be dominated by the senses Members of this group
tend to be rather delicate and small, with a comparatively big head, large



eyes and ears, a high forehead, and a smdl nose. Such women tend to be
hypersensitive, talking rapidly and at length about the many different
subjects that interest them. Members of the third, or central, group tend to
have round faces and medium-sized, rather sturdy bodies. Their traits are not
easily described, since their bodily constitution is based primarily upon the
harmonious respiratory system and does not tend to extremes.

Konig concludes his description by pointing out that every human being,
irrespective of sex or constitutional type, bears within him al these
constitutional tendencies. Figuratively speaking, the nervous system could be
called masculine and the senses, femining, so that the two together form a
unified nerve-sense system that is both male and femae. The metabolic-limb
and respiratory-circulatory systems could likewise be designated both mae
and femae. In this sense, the two sxes may be seen as nothing more than
one-sided manifestations of what is universally human, and present within
every individual. Even the derivation of the word 'sex' (from the Latin
secare, 'to cut through') is an indication of this divison of the human whole.

It is dso instructive to condder the forms of the teeth, as related to the
constitutions discussed above. Horauf has discovered empiricaly that the
leptosome (or ectomorph), despite his dight figure and narrow face, generaly
has large, broad incisors, of which the two front teeth are largest. The
opposite is true of the pyknik (or endomorph), who, despite his broad face,
has short, narrow incisors. In the athletic (or mesomorph), the canines are
larger than those of most others. Hoérauf's conclusions thus confirm our own
observations of the threefold structure of the teeth. Unfortunately, he has
concerned himsdf only with the frontally visible teeth, and not with the
molars. We may wonder whether a study of the molars of the pyknic in
comparison with those of the Ieptosome would show them to be broad and
strong.

Let us take this line of reasoning one step further. Man's first teeth are
incisors; thus the sense pole of the teeth is accelerated in its development. The
molars, on the other hand, appear only at the change of teeth. The last molar,
the wisdom tooth, usualy appears long after the change of teeth, and
frequently not at all. On the basis of the above observations, we may venture
to predict that this relatively frequent anomaly may prove to occur more
frequently in the leptosome than in the pyknic.

Any such attempt to formalize the physical and psychologica traits of man
can only be of limited value. For it describes merely what is typical in him,
and non-individual. But insofar as man, in his inherited, physical
organization, does in fact have certain traits that may be designated
according to type, such a theory is vauable. In these three different
congtitutions of man we can find hints of the thoroughly one-sided
developments that dominate the mammals. And conversely, in the animals we
can study in bold outline developments that appear in man only as mild
tendencies.
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Man done is in a position to recognize his own one-sided constitutional
tendencies. In becoming aware of them he redlizes that he, as a thinking
being, cannot be identical with his inherited nature (Eccles). If he were so, he
could not remove himsdlf from it in the act of cognition.

Der Mensth ein chemischer Prozeb. Man, a chemicd process

Ein Wahrwort. Doch was wiegt's? A word of truth, but does it count?
Gawib ,Prozeb’'—doch dab er des "Process” no doubt—hut that he
sbd inne wird, da liegt's. knows it, that counts.

Thus the poet Christian Morgenstern describes this cognitive experience. But
what is man? Is he, as an individual, nothing more than the representative of
his biologica type, or is each of us a unique, irreplaceable individuality? The
experience of both aspects of our existence is what makes us human. It is only
in the continuous struggle with the discrepancy between the two that man
exigs.

How can man exist as both individual spirit and typical organism? Is there
some connection between the inherited nature of man and the personality that
conceives of itsdf as unique spirit? How does man's essentid individuality
come to terms with the more or less one-sided biological constitution given
him at birth?

We cannot answer such questions without making reference to what we
condder a fact of the greatest possble biologica dgnificance. The
individuality of man, unlike the physica body he comes to inhabit, lives not
only between birth and death, but aso before birth and after death. And we
believe that its life on earth is repeated many times. The concept of repeated
earth-lives was taken for granted in most cultures of earlier times, and it still
prevails in certain non-Western cultures today. It was the clam of Rudolf
Steiner that methods appropriate to the scientific consciousness of our time
could afford a solid basis for the renewa of this ancient knowledge. He
presented the theory of reincarnation in an entirely new way. We must refer
now to his explanations of the facts he investigated (see, for example, 1904,
1907 a, 1903-8) in order to understand the consequences such an idea has
for the questions we have raised.

According to Steiner, man takes on a particular, one-sided constitution for
the duration of one earth-life only. He balances this one condition in another
earth-life, when he takes up another constitution that will be complementary
to the first. A life as a man, for example, is quite generally—though not
aways by any means—followed by an incarnation as a woman. The
specificaly human, which cannot be identified with one sex only, thus
achieves physical realization; the one-sided characteristics of the two sexes
are balanced in this chronological aternation. The same holds true for a
man's membership within a particular race, constitutional type, and so forth.
It is only because he lives many times that man is able to accept the one-sided
life condition he inherits a birth. Because he feds the need of balancing the
one-sdedness of a former life, he is instinctively willing to accept the



limitations of his present condition, a least in part. Yet he cannot identify
fully with this single condition, because he seeks not only to experience the
consequences of a former incarnation, but at the same time to prepare a new
one. Thus man aways aspires to far more than he can accomplish in any one
lifetime. As sensdess as the never-ending hope of man may seem to one who
$s him only between birth and death, this hope is fet and understood as
profoundly justified by one who knows of his repeated lives on earth.

Reincarnation is a spiritua process, not a physical one; it is man's spiritua
esence and not his physical body that endures throughout his incarnations.
The validity of this concept can therefore be established only on the basis of
an exact stience of the spirit, and not by natural science alone. But is it not
posshle that the reincarnating individuality could choose, before birth,
whatever biological conditions it will need, thus providing indirect, but
physically perceptible, evidence of its existence?

Every newborn child demonstrates to our very eyes the redity of
reincarnation. We have seen already that his physical body matures at three
different rates. Three organisms of different ages might be sad to dwell
within him. In his head he is born late and is precocial; in his limbs he is born
prematurely and is atricial. Only in his rhythmic sysem is he born at the
norma time. This extraordinary biologica condition is condstent with
Rudolf Steiner's contention that the head organization brings with it from a
previous incarnation most of its formative tendencies (1918 b, 1916). The
brain, already large at birth, reaches the end of its physiological development
as quickly as it does because its organization—insofar as it is not merely
physical—is based on the individual's past. The limbs, on the other hand,
are so unfinished because they carry within them abilities that will develop
not only in the life just begun but aso in the one that follows. Only in his
rhythmic organization does man belong completely to the present. "We can
thus experience a new sense of reverence in the presence of a newborn child;
for his very appearance shows us that he has lived before, is ready for his
present life, and will live again. The metaphysical secret of man, normaly
hidden from our perception, namely that in some sense he experiences three
incarnations a once, is revealed to our physical senses by the appearance of
every newborn child.

The idea that the specific formation of the brain is determined by a
previous lifetime and that the limbs are the source of a future one is fully
consistent with a way of thinking that takes into account the soul and spirit
of man, thus alowing us to understand the whole of his nature. Every man,
not only in his soul but adso in his spirit and physical body, bears within him
at every present moment both past and future; thus his existence in time is
threefold. And this threefold exigtence in time is the real source and basis of
his tripartite physicad organism. In it man's life in time is given physica
form. The wellsprings of human existence lie in the individua's passage
through repeated lives on earth. His physical organization, determined by the
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course of his lifetimes, shows that what is truly human is determined not by
the dominance of his upper, lower, or even rhythmic systems, but by the
harmonious balance of all three. Thus, the idea of threefoldness takes on
socid implications. For true socid life can arise only when we understand
that the differences among men have meaning; and this meaning is found in
the fact that they complement one another.

In closing, we refer to the words of Rudolf Steiner, which give clear,
succinct expression to the wholeness and interdependence of the three main
systems and functions of man.

Ecce Homo Ecce Homo

In dem Herzen webet Fihlen, In the heart weaves feding,

In dem Haupte leuchtet Denken, In the head shines thinking,

In den Gliedern kraftet Wollen. In the limbs lives strengthening will.
Webendes Leuchten, Light that is weaving,
Kraftendes Weben, Weaving that strengthens,
Leuchtendes Kraften: Strength that gives light:

Das ist der Mensch. That is man.
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Notes

1 The causd-anaytical method of physiologica research is well aware—

insofar as it reflects upon itself—that it is in no position to study Life
itsdf. Bunning has pointed this out: "Once we have understood what it
is we mean by life in its physiological sense it becomes clear that Life in
its real sense, as it was known before the time of biologica science, is not
what is meant by biologists."

Therefore, chiefly that part of nature that can be isolated and quantified
is conddered important by today's scientists. And the method itself
interferes with the phenomena observed. Heisenberg has formulated this
fact and its consequences as follows:

"The sdientific method of isolation, explanation, and classfication is
aware of its own strict limitations, namely that the application of the
method itsdf alters and reshapes the object of study, so that method and
object can no longer be separated. The world picture formulated by
natural science ceases at this point to be truly scientific."

We know today that the activity of the single elementary particle is
undetermined and can therefore be predicted only according to statistical
probability. Yet the average behaviors of many such particles do not
vary according to any regular pattern, so that even in the vishle
dimensions the universal applicability of these causa laws may be called
into question.

Aristotle, and afterwards scholars of late antiquity and the Middle Ages,
designated these animals as live-bearing, four-footed animals. The young
Linnaeus (1735) was the first to name them for their mammary glands:
Mammalia. Oken (1838) suggested the name 'Haartiere' (hairy animals);
this term has never been widely used, though it is equally appropriate.

An exception is provided by the most primitive of the mammals, the
monotremes of Australia. In these animals, as in reptiles and birds,
wagtes from the bladder and intestine empty first into a cloaca and are
then excreted together.

These non-placental mammas are found principally in Australia. Only
the opossums and opossum-rats are found outside Australia, in North
and South America, respectively.

Man has often been described from a biologica point of view as
‘incomplete’ (Gehlen) and, as unsatisfactory as such a designation may
be, it is nevethdess a valid attempt to describe something true.
Eibl-Eibesfeldt, basing his argument on observations made by Conrad
Lorenz (1959) has opposed this point of view:

"Even in terms of physica capacity aone, no animal, after running a
hundred meter dash, could plunge head first into the water, dive to a
depth of a few meters in order to retrieve three objects, swim to the
other shore, climb a rope, and then begin a long march.”

But Lorenz and Eibl-Eibesfeldt are unaware of the fact that they have
provided concrete evidence in support of the very theory they had hoped



to refute! For an antelope can run faster than a man, a sea lion dives
more elegantly, a dolphin dives and swims better than he does and can
retrieve one or more objects from a greater depth, a guenon can climb a
rope more rapidly, and a came can march longer. But precisdly because
man cannot perform any one of these feats as well as a particular animal
can, he—unlike the animal—can perform them in far greater variety.
Snce his particular physica capacities are underdeveloped compared
with those of the animal specidigts, he is extraordinarily versatile. The
term ‘incomplete’ can have no other meaning than this. Lorenz (1959)
himsdf describes man as a "specialist in non-specialization." See dso the
works of Poppelbaum (1928), Kipp (1948), and the literature cited
therein.

In 1917, fifteen years after the beginning of his anthroposophical activity,
Rudolf Steiner first presented his ideas on the threefoldness of man's
physical organism. The history of this idea is given by Steiner in a lecture
of March 22, 1917 a

"In the last two lectures, which concern the relationship between the soul
and the nerve-sense man, breathing man, and metabolic man, | have
attempted to express, in complete accord with natural science, an idea |
believe to be of extraordinary dgnificance for the understanding of the
world's coherent working. | have never before expressed in this way the
matters | have discussed in these last two lectures, but it was thirty-five
years ago that |, as a very young man, began the investigations that
ultimately enabled me to spesk as | have done in these lectures.”

Going back thirty-five years we find, in March of 1882, the twenty-one
year old student of natural science at the Vienna Technical High Schooal.
Shortly before his death, Steiner (1925) described some of the questions
that led him to his discovery of threefoldness.

"I now felt compelled afresh to press forward toward a knowledge of
the natural sciences from the mogt diverse directions. | was led again to
the study of anatomy and physiology. | observed the members of the
human, animal, and plant organisms in their formations. In this study |
came in my own way upon Goethe's theory of metamorphosis. | became
more and more aware that the picture of nature which is attainable
through the senses penetrates through to that which was visble to me in
a spiritual way ....

"I came upon the sensible-supersensible form of which Goethe speaks,
which is interposed, both for the true natural perception and aso for
spiritual perception, between what the senses grasp and what the spirit
perceives.

"Anatomy and physiology struggled through, step by step, to this
senshle-supersensble form. In this struggling my eye fdl, at first in a
very imperfect way, upon the threefold organization of the human
being ....

"At the beginning, it became clear to me that, in the portion of the
human organization in which the formation is directed chiefly to the
nerves and senses, the sensible-supersensible form also stamps itsef most
strongly upon the sense-perceptible. The head organization appeared to
me as that in which the sendble-supersensble aso becomes most
strongly manifest in the sengble form. On the other hand, | was forced
to look upon the organization consisting of the limbs as that in which
the sensble-supersensible most completely conceds itsdf, so that in this
organization the forces active in nature external to man continue their

279



280

work in the shaping of the human body. Between these two poles of the
human organization everything seemed to me to exist which expresses it-
«f in a rhythmic way, the processes of breathing, circulation, and the
like."

Steiner was well aware of the scope of this idea, yet he did not reveal it
for many decades, preferring instead to work on it further. In 1917 he
finally described the physical thregfoldness of man, in his book Von
Seelenrétseln. A year later, a the end of the First World War, Steiner
usad the idea of threefoldness as the basis for his thinking about a new,
more humane socia order (Steiner, 1919c¢).

This argument is based neither upon pure sensationadlism nor a Kantian
agnogticism, but, with Steiner, upon a critica redism and empirical
idealism.

"Cognizing would certainly be a usdess process if sense-experience
provided us with something complete. Every combining, arranging,
grouping of sense-perceptible facts would have no sort of objective
value. Cognizing has a meaning only if we do not admit the
completeness of the form of knowledge given to the sensess, if it is for us
a partial truth concedling within it a higher element, which, however, is
not perceptible to the senses. Here the mind enters. It perceives that
higher element. For this reason, thinking must not be so conceived as if it
added something to the content of reality. It is neither more nor less an
organ of perception than are eye and ear. Just as that perceives colors
and this tones, so does thinking perceive ideas. Idedlism is, therefore,
perfectly compatible with the principle of empirica research. The idea is
not the content of subjective thinking, but the result of research." (From
Goethe The Scientist; see also Goethe's Conception of the World.)
References to Portmann's discovery, so significant for the biology of
form, appear throughout his works (1948, 1953, 1957, 1958, 1965). One
auch reference is quoted here:

"The skin of higher animals is opague; regular patterns of color enclose
an internal form quite different from their own, disclosing nothing of the
specific arrangement of the organs a work within—Nothing of the
kind exists in the digphonous organisms of the high seas Here, the
structure of the entire body is and remains subject to a single law of
symmetry, which determines the structure of the internal organs as well.
—FEven among the absolutely transparent aguatic forms, however, there
are higher and lower degrees of organization. And precisely these
lifeforms show that transparency is no arbitrary phenomenon but is
strictly limited by formative laws. In animas whose form is more
complicated, such as snails and cuttlefish, as well as vertebrates and their
relatives, this transparency is confined strictly to those parts of the head
that are symmetricll—any non-symmetrical formations are clustered
together and concedled beneath opaque sheaths. Whatever is not
symmetrical is hidden from sight; even within the transparent body there
is another covering, which, like the skin of the higher animals, hides
whatever is not formed according to smple geometrical rules. The older
zoology ... took into account such groupings of organs, giving to them
the name 'nucleus vegetativus (viscera cluster)'.

"The sea-snail Pterotrachea shows this structure—its inner covering is a
slver, shimmering sheath. A similar structure appears in the saps, close
relatives of the vertebrates, and this cluster is covered by a red,
gold-brown, or bright blue sheath; ... transparent cuttlefish show the
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dark cluster and snails from entirely different groups show the identical
structure. Even the immature, transparent stage of fish belong to this
group; slver sheaths are the rule for them al (1958)."

Even adult fish such as the glassfish and the Asiatic glass catfish provide
impressve examples of this phenomenon. The head, the entire
nerve-sense system, the skeleton, the skeletal musculature, and the air
bladder are ether tranducent or completely transparent. The organs of
the abdominal cavity, however, are protected from the light by a silvery,
opague layer, beneath which the asymmetrica organs are hidden. These
metabolic organs must not be alowed to become sense-active.

Portmann sees this asymmetry as a "dgnificant, space conserving
adaptation,” in which, for example the intestine, through its lengthening
and its highly compressed, twisted orientation within the abdominal
cavity, is economicaly formed." Recent research in developmenta
physiology has shown, however, that these structures cannot be traced
back to any mechanical cause (von Kraft). Neither causal nor teleological
sgnificance can be ascribed to the relationship between the living
organism and space.

Later, in his book Die Tiergestalt (1948), Portmann returned to this
problem of symmetry and asymmetry and made the following discovery
within the mollusks: as the influence of the nerve-sense system increases,
the shell and the anima become more and more symmetrical.

We discuss the structures of muscle fibers here in order to show how the
threefold idea may be applied to the entire organism, even in its
microscopic details. To this discusson the following information may be
added:

The three muscle types show significant differences in cytological
structure. The striated muscle fiber is a multinucleate plasmodium; in
man and in the mammals the nuclei are amost aways close to the
surface of the plasmodium, so that in cross section they appear to be
lined up aong its edges. The smooth muscle fiber, on the other hand, is
uninucleate and therefore a true cell; the nucleus always lies degp within
the fibrils. The fibers of cardiac muscles consst of true cells, since esch
nucleus and its plasma are surrounded by a cell membrane (Leonhardt);
the fibrils, however, pass through these cellular membranes (the 'seams
characteristic of the cardiac muscle fibers) into the neighboring cells, so
that all the fibers together function as a plasmodium, without actually
becoming one. An extraordinarily significant central condition! These
fibers are striated, but to a lesser degree than those of the voluntary
muscles. Their nuclei, like those of the smooth muscles, lie inside the
fibrils. In sze, too, the single heart muscle fiber is midway between the
longer, voluntary muscle fiber and the shorter, involuntary one.
Uniquely characteristic of the cardiac muscle is this branching out of
each fiber to form networks of muscle fibers. Similar networks exist in
smooth muscles, in the uterus, for example, or in the bladder; here,
however, the branching arises out of the placement of the cells, and not out
of a branching within the cdl itsdf. The axia structure of most skeleta
muscles and the spiral structure of smooth ones are the polar opposites
between which the branching form of the cardiac muscles mediates.

We should aso mention the few exceptions to this otherwise strictly
threefold muscle structure. These exceptions arise particularly where the
musculature of the digedtive tract meets with the skeletd muscles, and
voluntary and involuntary processes intertwine. The muscles at the front
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of the mouth are moved conscioudy and are striated. Some, however, are
aso circular muscles, and are not attached to bones, but spira back upon
themsadves or are inserted into skin (mimetic muscles). In such
transitional regions the striated muscles may so completely adapt to the
qualities of the metabolism that they no longer come under the influence
of the conscious mind, as in the upper esophagus and in the cremaster,
lower rectum and anus.

Similar transformations occur in the eye. The skeleta muscles that move
the eyebal are the only striated muscles in the human body whose nuclei
are not completely superficid but, like those of some lower vertebrates,
are scattered throughout the muscle fiber. The most extreme development
is thus avoided. Significantly, this outer musculature of the eye, like that
of the heart, develops neither from the somatic nor the viscerd
musculature of the codom (Starck 1955, p. 585). Inside the eye, the
muscles that control the pupil and lens are circular and smooth. The
lens (or ciliary) muscles are the only smooth muscles that can be moved
at will. With these we adjust the curvature of the lens, in order to focus
upon near or distant objects. These interna musces of the eye, like the
involuntary, smooth muscles of the skin (which raise the hair, excrete
sweat, cause 'gooseflesh’ to appear, and so forth) originate from the
ectodermal epidermis, and not from the coelom.

Thus, the process of equalization between skeleta and viscerd
musculature begins at the border of the metabolic realm, takes place adso
in the eye, and reaches its highest development in the heart.

Kolisko, basing his conclusions on the discoveries of Rudolf Steiner, was
in 1926 the first to apply the threefold idea to the study of mammals.
Poppelbaum (1937) and Kipp (1952) have done further work on this subject.
The otters have often been separated from the Mustelinae (all other
Mustelidae) as a subfamily, the Lutrinae. But their divergent
morphologica fesatures are smply a result of their aguatic habits, which
mask their close relationship with the terrestrial members of the mustelid
group. We shall find the same motif in the sedls and whales.

The uniform, beautiful coat of the European mink was a one time more
highly prized than that of the ermine, so that this anima has become
extinct in central Europe. The only similar animal found in Europe
today is the feral American mink, introduced from North America as a
fur bearing animal. The American mink lacks the European mink's white
marking on the upper lip.

The honey badger gets its name from its predilection for the honey
stored by wild African bees. The honey-guide, which leads the badger to
the hives by means of its lively chattering, is a graceful, agile bird related
to the woodpeckers; its beak is not strong enough to break open the hives
in hollow trees. This the honey badger does with ease, lapping up the
honey and leaving the larvae and honeycombs for the bird. Here one
animal contributes what the other lacks; the combined ‘organism,'
consging of a representative of the sensory organization and a
metabolic-limb oriented animal, then functions as a whole. It is dso
typical of the honey badger that it likes to dig burrows in the ground
and live there, so that it withdraws from the general environment even
initsway of life.

To a large extent, the sable can sustain itsdf on a vegetarian diet. Thus,
in the Siberian forests it prefers to eat berries and cembran pine nuts
(Kozhantschikow, Ognew).
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The s otter feeds primarily upon sea urchins. In addition to its
well-developed carnivore's canines this animal has remarkably broad
molars, and only four incisors in the lower jaw(!), as opposed to the dx
incisors typical of fissped carnivores.

We are generally accustomed to thinking of the aquatic life-habits shared
by many different mammal groups as accidental convergencies that are
unworthy of further consideration and have in common only the fact
that they take place in the water. Adaptation, however, is ultimately
comprehensible only on the bass of physiology. It is aso evident that
the higher animals do not adapt passively, but take an active part in their
adaptation (Hensdl), for the animal's own, basic congtitution determines
how it will adapt to the environment.

The fosdlized skeletons of aguatic saurians from the Jurassic period
(Ichthyosaurus, Eurhinosaurus, Tylosaurus, Peloneutes, etc.) show an
exaggerated development of a similar increase in the number of teeth and
digital bones.

In the birds we find similar compensations. Ostriches and fowl take little
trouble in building nests and merely hollow out depressons in the
ground, snce their young are born in a well-developed, precocia state.
The songbirds, on the other hand, weave intricate nests, lined with
soft materials, where their blind and naked young hatch from the eggs.
In the predatory birds a central condition prevails: covered with thick
down, the young enter the world, but they cannot immediately abandon
the coarsely constructed nest. Thus the sense oriented smal birds, the
songhirds, provide their young from without—in the structure of the nest
—with all the care and protection the space within the egg has been
incapable of giving. Indeed, the birds demonstrate these tendencies even
more dramatically than the rodents do, since they, as birds, are formed
chiefly out of the sense system.

In some bird species the males, in contrast with the femaes, are brilliant
in form and coloration and indulge in extravagant courtship behavior.
Significantly, males of such species take little or no part in nest building,
incubation of the eggs, or care of the young. All the formative capacities
that the homely female devotes to her young are diverted by the male to
the formation of its own body (pheasants, peacocks, ducks, birds of
paradise, and ruffs). Kipp (1942) and Suchantke (1964) have made
reference to this phenomenon. Similar behavior has been observed among
the insects (Arrow).

c. f. Julius, page 97.

In North America there are many animas closdly related to the
European marmot. In shape and biology the prairie dogs, as well as
many varieties of ground squirrels (sudiks), are the nerve-sense oriented
members of this group; more metabolic are the three marmot species, of
which the largest, the hoary marmot, shows the beginnings of black and
white head markings and inverted coloration (see Burt).

The beaver, which still ranged throughout centra Europe during
medieva times, has been virtually exterminated in many places because
of its valuable pelt. In many parts of this region, however, efforts are
now being made to reintroduce colonies of this animal.—The interesting
private life of this remarkable anima has been described by William
Russdll Long and by Waescha-Kwonnesin.

The classfication of the rodents offered here is identical in most respects
with that made by conventiona taxonomists. The first indications of a
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smilar tripartite classfication are found in the work of de Blainville.
In 1834 he divided the rodents into the fuisseurs (burrowers), grim-
peurs (climbers), and marcheurs (runners), groupings that closay
approximate the mice (myomorphs), squirrels (sciuromorphs), and
porcupines  (histricomorphs) recognized today. These designations
originated with Brandt (1855), who aso added the hares as a fourth
rodent group. He considered the mouse to be the typical rodent. "Under
careful scrutiny the mice are seen to form their own group, which is
revealed as the morphological midpoint and basis of the entire rodent
group.” Tullberg, in 1899, was the first to take note of the significant
differences between the rodents and the hares and to question whether
the latter were genuine members of the rodent group. In 1912 Gidley
brought conclusive evidence for their separation from this group. Thus,
three main groups of genuine rodents remained, without anyone's
recognizing the threefold principle underlying their classfication.

Smpson (1945) reopened the question of the rodent's classification.
Wood (1955) substituted seven groups for the three designated by
Brandt; for example, he separated the American porcupines and their
relatives (hystricomorphs) from the Old World species and denied any
close relationship between them. Landry (1957) compiled a list of their
similarities and refuted Wood's argument, saying, "l believe it must be
recognized that the Old and New World hystricomorph rodents are
closdly related. The morphological evidence against the opposite point of
view is smply too obvious." Hofstetter and Lavocat (1970), as well as
Thenius (1972), have recently corroborated the morphologica and
paleontological homogeneity of all hystricomorphs.

Since the time of Brandt the dormice have been grouped with the mice.
Schaub (1953) contested any such close relationship; Wood brought them
together again, but still designated the dormice as 'incertae sedis’ We
have classfied them with the sguirrel group, as we have the beaver,
which, despite the fact that its bodily structure also deviates in many
respects from that of the squirrels, is nevertheless considered by many
modern authorities to be closely related to them (Simpson).

In the camels the omasum has few of the paralel swellings of the
internal mucosa that normally typify this organ, and the rennet stomach
is without internal folds. See Chapter VII for a detailed description of
the ruminant digestive system.

Among the 131 species dive today we find only 2 exceptions in which
head processes are lacking: the musk deer and Chinese water deer. See
aso Chapter VIII.

This ninefold classification of the ungulates is dmost identical to that
presented by conventional taxonomists (Simpson; sse aso Miller-Using
and Haltenorth). Yet they, out of a practica inclination toward
simplification, have reduced this to a basically twofold system. Since the
time of Owen the entire ungulate group has been divided into two
orders: the odd-toed ungulates (Perissodactyla, Mesaxonia) and
even-toed ungulates (Artiodactyla, Paraxonia), a classfication based
primarily upon the structure of the limbs. On the same bass the tapirs
and rhinoceroses have been grouped together as Ceratomorpha, in
contrast to the single-hoofed horses, and the water chevrotains and
bearers of head processes have al been classfied as Ruminantia, in
contradistinction to the thick-soled camels.

To be consstent, however, one must then group the swine and
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hippopotami together in contrast to the peccaries, since these have fewer
hooves than the former. Modern taxonomists nevertheless base their
classfication of these animas on the structure of the digestive tract,
which is smpler in the peccary and swine than in the hippopotamus,
with its multi-chambered stomach (Plate 34). Even the generaly
accepted grouping of animals with head processes (the deer, giraffes
and bovine animals) is not based on limb structure, for the giraffes, in
contrast to the deer and cattle, have no dew claws (sse Chapter 1X). We
have attempted to base our classification of these animals both upon the
structure of the limbs and upon the formation of the digestive tract,
evaluating them equally according to both criteria, in order to arrive at
a classification of the ungulates that is truly consistent with their nature.
In the Tertiary epoch, which preceded the lce Age, the mammals
blossomed in a variety of forms far exceeding those on earth today. At
that time an even stronger tendency toward the formation of head
appendages prevailed and was not governed by the same formative laws
that are active today. And yet, formations arose that are quite
significant for the biology of form. In the Miocene and Pliocene epochs
of the late Tertiary period, there were horned rodents (Myogaulidae) in
North America (see Abel). These plump, hare-sized rodents grew their
paired, bony processss far forward, on the bridge of the nose.

A horned swine, dating from the Miocene epoch, has been found in the
Caucasus (Gabunia). The skull of this anima bears three processes,
growing on the frontal bonesl The location of these outgrowths offers
further evidence of the centrality of the swine, between the ruminants,
whose processes are paired, and the rhinoceroses, whose horns grow
along the median line of the face.

104. The horned skull of a swine (Kubanochoer us robustus) from the Tertiary period
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(1/10 x).

"Denn so0 hat kein Tier, dem samtliche Z&hne den obern

Kiefer umzaumen, ein Horn auf seiner Nase getragen,

und daher ist den Léwen gehdrnt der ewigen Multter

ganz unmoglich zu bilden, und béte se dle Gewalt auf.

Denn de hat nicht Mase genug, die Reihen der Zdhne

véllig zu pflanzen und auch Geweih und Hoérner zu treiben...."
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In the cow the cecum is about 24 inches (60 centimeters) in length and in
the horse it is fully twice as long! And while part of the horse's
esophagus is in fact incorporated into the stomach, this still remains
single-chambered, and the esophagea portion makes up less than half of
the entire stomach. The development of the cecum is similarly restricted
in members of the swine family: the pigs have a short cecum; the
hippopotami have none, but instead a multi-chambered stomach (Plate 34).
It is said that a female aurochs, killed in 1627 in the East Prussian Lake
District, was the last of the species, though another aurochs (or urus, as
it is dso caled) is reported to have lived in the Kénigsherg Zoo until
1669 (von Lengerken).

See dlso Julius, page 96.

The collared pig (Sus vittatus), of the Maayan archipelago, remains
spotted even as an adult. In some of the domesticated races, as for
example in Hungary (Mangdica pig) and Southeast Asia, the young
animals are striped.

Koénig (1967) has also noticed that a spotted coloration is connected
with the processes of the central organization. "We should not be wrong
in thinking that the power of the rhythmic streaming of the blood and
breath is the artist that creates this coloration."

The antler anomdies described here are rare in the roe deer and moose.
Nitsche cites only five such cases in the moose; | was able to find only
two more examples in the literature on this subject (Brohmée). In the roe
deer only twenty cases had been described by the turn of the century
(Nitsche, Brandt, Scheler). More cases mudt, of course, have been found
since that time, but the numbers are still small enough to indicate that
such antler anomalies are much less common than the crown formation is
in the red deer. The European red deer can develop this formation from
the time its antlers reach ten to twelve points. Occasiondly, the
American red deer (the wapiti, or €k) aso has crowned antlers. This
formation is rare, however, and found only in the Columbia Basin
(Links).

There are many different antler formations. The cup-shaped crown has
always been considered typical. Yet Beninde (1940) found that of al the
deer reported in the Berlin summary of 1936, only 15 % had genuinely
cup-shaped crowns. The other 85 % had forked crowns, in which the
points forming the crown did not come together to form a cup; instead
they divided into two sections. In these forked antlers we find all the
transitional stages between crownless antlers and those that have
developed completely cup-shaped crowns. The spaces enclosed by the
main antlers and the newly added crowns till interpenetrate, snce they
have not yet separated completely.

Because of the numerica frequency of their occurence, the forked crowns
were regarded by Beninde as the typical formation. Yet his meticulous
guantitative analysis does not constitute a conclusive argument. If it did,
al formative significance would necessarily be denied the single-beamed
antlers of the roe deer, as well as the double palmations of the moose's
antlers. And the diaphysis of some of the blossoms on a plant would
bring as little proof of the leaf-nature underlying the organs of the
blossom. Only an overview of all possible antler forms can revea the
meaning of the single form. Not the numerica frequency, but the
morphological significance should be the determining factor in their
evaluation. Thus, the crown formation of the red deer's antlers must be
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regarded primarily as an anomaly in comparison with the basic antler
formation of the species. The new, paired formation of antler space may
be traced through its transitional stages in the forked antlers to its
completion in the finished, cup-shaped crowns.

See dso Oloff.

Haltenorth (1963) and Oloff also mention the inadequacy of the twofold
division of the deer family.

The fact that these phenomena, so directly visible to the eye, have amost
never been seen as meaningful for the organization of the anima as a
whole shows once again the extent to which the wholesale application of
the theory of natural sdection, particularly the application of the idea
of random mutation to genera evolutionary events, has made us blind
to the manifest shape of the animal. It is to Portmann's credit that he
has consistently avoided this pitfall (1948 a, b), unlike Rensch (1947) and
Haltenorth/Trense (1956) who, for example, consder the horns and
antlers to represent an accidental, arbitrary multiplicity of forms, whose
individual manifestations must remain utterly incomprehensible.

We could aso consider the different formations of the whal€'s spiracles:
in the toothed whales, which are more sense oriented, these are unpaired,;
in the metabolically powerful baleen whales, however, they are paired.
Information on carnivorous pygmy antelopes, particularly the duikers, is
given by Kurt in Grzimek's Tierleben (vol. 13, page 344) and by
Stoneham. Dekeyser and Derivot have given accounts of the appearance
of canines.

Recent gtudies on the blood serum of the panda indicate a cose
relationship with the bears (Sarich). But the use of serum reactions is not
always reliable. On the bass of this evidence aone we would have to
assume that the whales are not related to the carnivores, but to the
ungulates. We must take into account the probality that the protein
structures of the various animals, as well as their macroscopic features,
may have some convergent elements.

Konig (1966) dso saw the formative sgnificance of the zonary placenta:
"The carnivores have a so-caled zonary placenta since they are central
animals.”

One often reads in the professional literature that the typical form of the
ungulate placenta is syndesmo-chorial. This is true of the atypical forms,
uch as sheep, deer, and so forth, but not of cattle. Starck (1959, p. 230
and 233), basing his information on the research of Lederman, Grosser,
and especially Bjorkmann, has stated that the bovine placenta is strictly
epithelio-chorial.

See Cohrs and Kohler; Gorgas, Kalela; Mohr, 1958; and Sanderson.

The Biogenetic Law is generally understood to refer to the similarity
between the embryonic and immature postnatal states of the single
organism and the developmental history of its ancestors, a history the
individual organism recapitulates in abbreviated form. Kielmeyer (1793),
Meckd (1811), and Fritz Muller (1864) were the first to discover this
similarity. Haeckel (1866, 1874) expressed this phenomenon, observable
in S0 many ingtances, in the form that has since become famous:
"Ontogeny is a shortened recapitulation of phylogeny.” This rule, of
course, is not a law in the sense of physics.

Thus in the crocodile, arterial and venous blood are separated from one
another inside the heart; outside, however, this separation is not
complete. Left and right aortas are already present in this animal and

287



288

46

47

49

50

venous blood flows through one while arterial blood flows through the
other. Yet these large vesss anastomose directly above the heart (at the
foramen pannizae) and again just below it.

In the sharks, a specia group among the cartilaginous fishes, which have
retained a certain formative plasticity, not only internal fertilization
occurs, but in many cases embryonic development takes place insde the
mother's body. In a few species (such as Mustelus and Carcharias) a
primitive yolk sac placenta is even present. This organ, which was
known and described by Aristotle, was rediscovered in 1840 by Johannes
Miller, in the stellate smooth-hound (Mustelus punctulatus). Such
‘exceptions are not at all typical of the fish in general.

| have been unable to find written reference to this idea of Steiner's; |
know it only by word of mouth. I would be grateful for a reference.
Hirst's informative book, Is Nature Cruel?, which appeared in 1899 and
1926, is available today only in the Library of the British Museum. Long
cites many of the accounts given by Hirst.

"Anything like the beginning of an ego-consciousness comes upon the
animal only at the moment of its death. Yesterday | pointed out that
whoever is able to sse what actually occurs when an animal dies has some
idea of the fact that, properly speaking, what runs through the entire
course of a man's life—the consciousness of his own ego—is present in the
animal only at the moment of its death” (Steiner, 1918 b; see dso 1918 a).
"Whoever is able to observe these things knows that when a plant is
broken—especially when its upper parts are affected—this injury is
not experienced as pain by the organism of the earth. It gives to the
earth a feding of pleasure. This is similar to what takes place when the
cdf suckles at its mother's breast, a feding that is also associated with
pleasure. For what sprouts forth from the earth in the plants, despite the
fact that it is solid—this sprouting green is for the earth's organism
smilar to the milk given by the animal's body. And when in autumn the
reaper cuts through the stalks with his scythe, this is no abstract event to
one who has understood the ideas of Spiritual Science and experienced
them deeply in his soul; rather the stroke of the scythe means a breath of
pleasure that goes out over the field, and the harvesting of the grain
sows the fidd with fedings of pleasure” (Steiner, 1907 b).

The lack of clavicles is often attributed to some mechanica advantage.
Thus, it is argued, animals with limbs adapted to swimming or running
are better able to move these limbs if they are unencumbered by the
close connection with the sternum that the collarbone crestes. An
analysis based on the threefold idea, however, explains even those cases
in which there is no obvious functional advantage. For example, among
the anteaters only the two-toed anteater (the smallest of the group) has
clavicles, while, in both the middle-sized and largest species, these remain
rudimentary. Both the two-toed and middle sized species are climbing
animals and thus put their fordimbs to the same use. While the
armadillos of today possess clavicles, their extinct gigantic ancestors (the
glyptodonts), despite the fact that they, too, were ground dwellers, did
not. All flying birds (Carinatae) have fused collarbones (the 'wish
bone'); the enormous ostriches lack them, though their foreimbs are
obvioudy not used for running. Also, the fact that among the
amphibians only the sense-active frog, in contrast with the duggish newts
and salamanders, develops collarbones, can be explained easily by our
method of direct observation of the animals themselves.
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"Consegquently, we may divide the development of al animas with
mineralized or otherwise preservable hard parts into two main stages: an
ancient period, which is reveded only to logica thought, can never be
observed directly, and during which no bodily parts capable of
fossilization (such as bones, teeth, shdls, etc.) were yet present, and a
more recent one, from which the animals themsdves are actually visible
in their fossl remains.

"This redlization has broad sdgnificance; namely, it shows why al
beginnings and all transitional stages in the development of the animals
must remain forever unknown. Furthermore, it shows why deep and far-
reaching processes of cleavage and separation, which could only have
occurred in the earliest stages of development, can never be directly
accessible to our perception” (Schrammen, 1930; see aso 1924 and 1927).
See aso Poppelbaum (1928), Kipp (1948), and Suchantke (1966).

Only a few wild animals have been found to use tools, and these only to
a limited extent. The chimpanzee usss grass stalks to catch termites,
while the sea otter uses a stone to crack sea urchins. Three birds are dso
known to make use of tools. The Egyptian vulture cracks ostrich eggs
with stones; a Darwin's finch of the Galapagos Islands uses cactus thorns
to catch wood worms; and the satin bower bird of New Guinea uses
twigs to paint its nest blue (Grzimek)!

It is dso interesting to note that the earliest vertebrate remains are those
of fish that lacked not only pared limbs, but aso jaw bones (the
Agnatha of the Ordovician period). Modern lampreys and hagfishes
show just the same peculiarities.

Anthropologists of the first haf of this century conjectured that the
starting point for man was his increased brain size. Yet Thenius has
stated (in Grzimek's Tierleben, Vol. 11), "We know today that man
came into existence not when the size of his brain increased, but when he
began to wak upright." Recent paleontological discoveries made in
Africa support his point of view; the fossils discovered show all signs of
an upright posture, while the brain cases measure only 450—800 cubic
centimeters (compared with the gorilla's brain case of 650 cm®). Only
later did the enlargement of the brain take place (in modern man,
1500 cm?).

Among the primates, only the anthropoid apes show a similar transition
from a diffuse to a centered placenta, though the latter has a reniform
rather than discoidal shape. In al monkeys placental development is
accelerated, and their placenta, like the rodents, has a centered form from
the beginning. It eventually becomes so asymmetrical that it divides into two
sections, one of which is larger than the other (bidiscoidal placenta).

The main difference between man's embryological development and the
anthropoid ape's is the fact that man's embryo, unlike the ape's, shows a
high degree of individua variability during the earliet dsages of
development (Starck, 1956 b).

Peiper himsdf noticed this fact: "In comparison with the altricial animal
the newborn precocia one must be considered to have been carried too
long by its mother."

"Among the precocia animals ossification is so advanced at birth that it
has reached a stage of development attained by man only at puberty”
(Pflugfelder).

The following figures are approximate averages, based on the works of
Grzimek (1967), Harms, Schultz, and Starck (1955).
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Aardvarks Tubulidentata 235

Aardwolf Proteles cristatus 68, Plate 120

African elephant Loxodonta africana 248,
Plates 180 and 181

Agouti Dasyprocta aguti 93

Alaskan caribou Rangifer tarandus stonei
(excelsifrons) 155

Alpine ibex Capra hircus ibex 92, 101,
134-38, 144, 221

Alpine marmot Marmota marmota 70,
86, 90, %4, 99, 120, 197

Alpine shrew Sorex alpinus 236, 238

Amazon dolphin Inia geoffrensis 52

Amphibians Amphibia, 202, 218, 219,
259, 264

Andean deer, guema and huemul,
Odocoileus (Hippocamelus) anti-
siensisand bisulcus 173

AnoaBubalus depressicornis 134, 222

Anthropoid, or man-like, apes Pongidae
242, 266, 269, 289

Anteaters Myrmecophagidae 235, 288

Antelopes 145, 146, 182, 229

Arctic fox Alopex lagopus 195

Arctic lemming Dicrostonyx torquatus
212, 214

Armadillos Daspodidae 235, 288

Armored shrews Scutisoricinae 238

Atlantic right whale Eubalaena glacialis
62, 63

Atlas deer Cervus elaphus barbarus 170

Aurochs Bostaurus primigenius 101,
130-34, 286, Plates 133 and 134

Australian native 'cats' Dasyurinae 203

Australopithecus africanus 289

Axis deer Cervus axis 150-51, 158, 161,
173

Aye-aye Daubentonia madagascariensis
266

Babirusa Babirussa babyrussa 106, 156,
185, Plates 161 and 162

Baboons Papio (Cynocephalus) 242-43,
Plates 178 and 179

Bactrian camd Camelus bactrianus 113,
114

Badger (Eurasian) Meles meles 42, 46, 47,
51, 68, 99, 191, 222

Badger (North American) Taxidea taxus
51

Baeen whales Mysticeti 60, 64, 65, 68

Bandicoots Paramelidae 14, 203

Bank vole Clethrionomys glareolus 80,
81, 82, 215, 220, Plate 123

Barasingha Cervus duvauceli 150, 173

Barbary sheep Ammotragus lervia 221

Bates antelope Neotragus batesi 145,
Plate 163

Bats Chiroptera 4, 219

Bearded pig Sus barbatus barbatus 117

Bearers of frontal processes Pecora 116,
117, 119, 120

Bears Ursidae 65-68, 70, 99, 210

Beaver Castor fiber 70, 86-88, 90, 94,
120, 191, 198, 200, 204, 220

Beech marten Martes foina 44, 45, 46-49,
51, 68, 221

Bezoar goat Capra hircus aegagrus 136

Bighorn sheep Ovis ammon canadensis

Birch mouse Scista betulina 98

Birds Aves 13, 101, 197, 218, 219, 235,
259, 264, 278, 282, 283, 288

Bison Bison bison 36, 97, 101, 119,
131-34, 145, 146, 153, 177, 215, 222,
233, Plate 136

Black rat Rattus rattus 72, 75, 78, 220

Black rhinoceros Diceros bicornis 108,
110, Plate 131

Blue hare Lepus timidus 195

Blue sheep Pseudois nayaur 221

Blue whale Balaenoptera musculus 60,
61, 62

Brazilian tapir Tapirus terrestris Plate
128

Brockets Mazama 173
Brown bear Ursus arctos 65-68, 191, 222,
Plate 119
Brown lemming Lemmus trimucronatus
214
Brown rat Rattus norvegicus 72-74, 75,
78, 212, 214, 220
Bush pig Potamochoerus porcus 117 303
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Camels Camelidae (Tylopoda) 32, 34,
63, 112-14, 116, 121, 178, 182, 183,
191, 206, 208, 222

Cape buffalo Bubalus caffer 134, 215

Carnivores Carnivora 15, 30-68, 99,
152-53, 204-10, 211, 215, 216, 227,
228,235

Carpincho (‘water hog') Hydrochoerus
hydrochoerus 93, 94, 126, 247

Cats Felidae 39-42, 54, 63, 68, 152-53,
191, 198, 200, 208, 209, 220, 247

Cattle Bos 30-33, 36, 70, 97-102, 116,
127, 132, 183, 191, 199, 207-9, 222

Chamois Rupicapra rupicapra 14, 97,
101, 140, 142-44, 183, 191, 221

Chapman's zebra Equus quagga chapmani
Plate 155

Cheetah Acinonyx jubatus 152, 184, 222

Chevrotains Tragulidae 114-16, 121, 145,
152, 185, 186, 208, 220, 221

Chilean pudu Pudu pudu 186

Chimpanzee Pan troglodytes 269

Chinchilla Chinchilla laniger 93-94

Chinese water deer Hydropotes inermis
155, 173, 186, 221

Chipmunks Tamias and Eutamias 84,
153, 191

Chiru Pantholops hodgsoni 221, 249

Ciliates Ciliata 122

Civets Viverridae 68, 221

Clouded leopard Panthera nebulosa 152

Collared pig Sus vittatus 286

Commerson dolphin Cephalorhynchus
commersonii 192

Common dormouse Muscardinus
avellanarius 70, 90

Common shrew Sorex araneus 236, 238,
Plate 177

Common vole Microtus arvalis 82, 214

Common weasdl Mustela nivalis 44, 48,
49, 50, 66-68, 221

Common white-toothed shrew Crocidura
russula 236, 238

Coyote Canislatrans 211

Crocodiles Crocodilia 219, 287-88

Cuvier's beaked whale Ziphius cavirostris
185

Dassies (or hyraxes) Hyracoidea 235,
253-55

Deer (antlered animals) Cervidae 13, 14,
36, 97, 147-73, 177, 178, 184-86, 191,
208, 220, 229

Dogs Canidae 39-40, 42, 54, 63, 68, 99,
198, 200, 205, 209, 220, 222, 247

Dolphin Delphinus delphis 59-62, 220

Domesticated cat Felis silvestris catus
30, 39-40, 99, 189, 200, 208, 209, 220,
227-28, Plates 156 and 173

Domesticated cow Bos taurus taurus
30-33, 35, 36, 101, 121, 127-31, 133,
166, 199, 226

Domesticated dog Canis lupus familiaris
30, 39-40, 99, 200, 201, 205, 209, 220

Donkey Equus asinus 101, 105, 107, 178,
190

Dormice Gliridae 36, 70, 88-90, 99, 126,
191, 220

Dromedary Camelus dromedarius 112,
113-14, 181

Dugong Dugong (Halicore) dugong
252-53

Duikers Cephalophus 221, 287

Eared seds (sea lions and fur sedls)
Otariidae 56, 58, 59, 65, 220

Eland Tragelaphus oryx 145, 215

Eld's deer Cervus eldi 150, 173

Elephants Proboscidea 31, 215, 235,
248-51

Elephant sedls Mirounga leonina and
angustirostris 54, 56-57, 100, 185, 191

Elephant shrews Macroscelidae 235, 249

Ermine Mustela erminea 42, 48, 49-51,
68, 195, Plate 107

Etruscan shrew Suncus (Crocidura)
etruscus 236—3

Even-toed ungulates Artiodactyla 101,
102, 181-82

Fallow deer Dama dama 150, 155, 172,
173

Fasekiller whale Pseudor ca crassidens
62

Fat (or edible) dormouse Glis glis 88,-90,
211-12

Field voles Microtus 82

Finback whales Balaenopteridae 62

Fishes Pisces 46, 59, 202, 218, 219, 259,
264

Flying squirrel Pteromys volans 86, 90,
191, 220

Fossil carnivores Creodontia 63

Fossil whales Archaeoceti 63

Four-horned antelope Tetracerus quadri-
cornis 176

Fur seds Arctocephalinae 34, 54, 100,
185, Plates 112 and 114



Ganges dolphin Platanista gangetica 59,
62

Garden dormouse Eliomys quercinus 89,
90, 211-12

Gaur Bos gaurus 134, 222

Gazelle Gazella gazella 33 ,166, 222, 229

Genet Genetta genetta 67, 192

Giant forest hog Hylochoerus
meinertzhageni 117

Giraffe Giraffa camelopardalis 31,
174-95, 222, Plates 150, 151, 152, 169
and 170

Gireffes Giraffidae (Camelopardalidae)
34, 174-95

Goat Capra hircus 32, 101, 136-38, 144,
145, 146, 221, Plate 137

Goat-like animals (sheep and goats)
Caprini 134, 144, 145, 146, 184, 221

Golden hamster Mesocricetus auratus 74,
76

Goral Nemorhaedus goral 221

Gorilla Gorilla gorilla 242, 243, 262,
263, 266, 269, 289

Greater mole rat Spalax microphthalmus
78

Greenland collared lemming Dicrostonyx
groenlandicus 215

Grey hamster Cricetulus migratorius 74,
76

Grey sed Halichoerus grypus Plate 111

Grey squirrel Sciurus carolinensis 214

Grey whale Eschrichtiusgibbosus
(glaucus) 62

Guanaco Lama huanacos 112, 113, 114,
191

Guenons Cercopithecus 242, 243

Gunther's dikdik Rhynchotragus
guentheri Plate 164

Guereza Colobus abyssinicus 192, 193,
266

Guinea pig Cavia porcellus 93, 247

Hair seds Phocidae 58, 59

Hamgters Cricetidae 33, 70, 76-77, 78,
83, 99, 126, 197, 221

Hangul Cervus elaphuswallichi 158

Harbor sed Phoca vitulina 54, 55, 152,
191

Hare (European) Lepus europaeus 192,
206, 211, 244-46

Hares, rabbits and picas Duplicidentata
(Lagomorpha) 90, 126, 235, 244-47,
255

Harp sedl Phoca groenlandicus 180
Harvest mouse Micromys minutus 72, 73,
78, 80, 153, 199, 215

Hedgehog Erinaceus europaeus 15, 198,
235, 239-40, 241, Plate 177

Hedgehogs Erinaceidae 235, 238, 340

Himalayan tahr Hemitragus jemlaicus
221

Hippopotamus Hippopotamus amphibius
103-104, 191

Hippopotami Hippopotamidae 34,
103-104, 116, 182, 191, 208, 215, 220,
222, 285

Hog deer Cervus porcinus 150, 155, 156,
173

Honey badger Mellivora capensis 47,
52-53, 282

Hooded sed Cystophora cristata 56, 153,
185, 191

Hooded sedls Cystophorinae 56, 100, 249

Horned animals Bovidae 120-46, 176

Horse Equus ferus caballus 31, 36, 101-2,
105, 107, 177-80, 206, 261, Plates 124
and 14

Horses Equidae (Solidungulata) 34, 105,
107, 108, 116, 177-80, 182, 183, 206,
222

House mouse Mus musculus 72, 78,
Plates 122 and 174

Hyenas Hyaenidae 67, 68, 152, 198

Impala Aepyceros melampus 181

Indian elephant Elaphus maximus 248,
251

Indian gerbil Tatera indicus 215

Indian rhinoceros Rhinoceros unicornis
Plate 130

Indri Indri indri 192

Insectivores Insectivora 15, 30, 206,
235-42, 247, 249, 255

Invertebrates Avertebrata 264

Irish elk (Megaceros) Megacer os giganteus
124, 155, 172, 173, 194, Plate 149

Jackal Thos aureus 222

Jaguar Panthera onca 99, 152, 188, 189,
191, 220, 229

Javah pig sus barbatusverrucosus 117

Javan rhinoceros Rhinoceros sondaicus
110

Jerboa Jaculusjaculus 96, 98

Jumping mice (Jerboas) Dipodidae 98

Killer whale Orcinus orca 60-62, 64, 185,
192
Kinkgjou Potos flavus 247 305



Kirk's dikdik Rhynchotragus kirkii
Plate 165
Kudu Tragelaphus strepsiceros 145, 166

Lancelet Branchiostoma lanceolatum 178,
179

Land carnivores Fissipedia 54, 63

LaPlata dolphin Stenodelphis blainvillei
59

Least (or dwarf) weasdl Mustela rixosa
42, 44, 48, 49, 50, 51, 52, 195

Lemurs Prosimiae 15, 235, 266

Leopard Panthera pardus 33, 99, 152,
153, 191, 192, 229, Plate 157

Leopard sed Hydrurgea leptonyx 54,
152-53, 191

Lessr mole rat Spalax leucodon 78, 79

Lessr white-toothed shrew Crocidura
suaveolens 236, 238

Lion Panthera leo 30, 34, 99-100, 152,
185, 229, 230, Plates 105 and 172

Llamas Lama 113

Lobodontinae (southern seds) 58

Long-tailed mice and rats Muridae 78, 80,
83, 126, 221

Lynx Lynx lynx 31, 40-42, 43, 99, 100,
152

Malayan chevrotain Tragulus javanicus
186

Malayan tapir Tapirus indicus 109, 192,
193

Malayan tree shrew Tupaja glis Plate 106

Mammoth Elephas primigenius 248

Man 14-16, 17-29, 33, 34, 226, 231-34,
246-47, 248-49, 251, 255, 257-76

Manatees Trichechus inunguis and
manatus 252

Maned wolf Chrysocyon jubatus 222

Mara Dolichotis patagona 93, 94, 184,
222

Maral Cervus elaphus maral 158

Marbled polecat Vormela peregusna 191

Marco Polo sheep Ovis ammon polii
138-40

Marmoset Callitrix jacchus 243

Marsh deer Odocoileus dichotomies 173

Marsupias Marsupialia (Didelphia,
Metatheria) 14, 235

Marten group Mustelidae 42-54, 65-66,
68, 94-95, 198, 200, 204, 205, 210

Miller's water shrew Neomys anomalus
236, 238

Mink (European) Mustela lutreola 42, 48,
50, 51, 54, 63, 220, 282

Mink (North American) Mustela vison
282

Mole Talpa europaea 83, 198, 203, 219,
238-39, 240, 241, Plate 177

Mole rats Spalacidae 78, 79, 80, 82, 191,
222

Moles Talpidae 15, 235, 238-39, 240, 241

Monachinae (Monk seds) 58

Monkeys, apes and man Anthropoidea
(Smiae) 15, 219, 269, 289

Monotremes Monotremata 14, 235, 278

Moose Alcesalces 36, 101, 155, 160, 161,
162-66, 168-69, 173, 183, 191, 211,
220, 233, 249, Plates 146 and 147

Mouflon Ovis ammon musimon 101,
138-39, Plate 138

Mouse deer Tragulus 115

Mouse group Myomorpha 30-37, 70, 72,
78, 80, 94, 98, 100, 191, 198, 200, 205,
209, 211, 215, 223

Mule deer Odocoileus hemionus 172—73

Muntjac Muntiacus muntjak 150, 15557,
173

Musk deer Moschus moschiferus 150, 154,
155, 173, 186, 208, 221

Musk ox Ovibos moschatus 140-42, 143,
145, 220

Muskrat Ondatra zibethica 80-82

Narwhal Monodon monoceros 185

New world (or flat-nosed) monkeys
Platyrrhina 242-43, 266, 289

Nilgai antelope Boselaphustragocamelus
Plate 171

North American red squirrel
Tamiasciurus hudsonicus 214

Norway lemming Lemmus lemmus
212-14

Ocelot Leopardus pardalis 152, 192,
Plate 158

Odd-toed ungulates Perissodactyla 101,
102, 108, 116

Okapi Okapia johnstoni 174, 190, 191,
Plate 153

Old world (or narrow-nosed) monkeys
Catarrhina 242-43, 266, 289

Opossum-rats Caenolestidae 278

Opossums Didelphidae 278

Orangutan Pongo pygmaeus 242, 269

Oryx (or gemshok) Oryx gazella 190,
191, 222

Otter Lutra lutra 44-46, 49, 51, 53,
54-55, 68, 220, Plate 109

Otters Lutrinae 46, 51, 63



Paca Cuniculus paca 93

Pacarana Dinomys branickii 93

Pampas deer Odocoileus bezoarticus 173

Panda Ailuropoda melanoleuca 68, 192,
193, 287

Pangolins (scaly anteaters) Pholidota 235

Peccaries Tayassuidae 103, 104, 106, 116,
182, Plate 127

Penungulates Paenungulata 248, 255

Pere David's deer Elaphurus davidianus
158, 161, 173

Pigs (or swine) Suidae 34, 101, 102-4,
105-6, 116, 152, 156, 185, 186, 200,
205, 206, 207-8, 211, 220, 249, 266,
284-85

Pikas Ochotonidae 91, 247

Pilot whale Globicephala melaena 64

Pine marten Martes martes 42, 44—46,
49, 51, 68, 220

Pine vole (European) Pitymys (Microtus)
subterraneus 82

Placental mammas Placentalia (Eutheria)
14, 242

Plesiometacarpal s Plesiometacarpalia
172-73

Polar bear Thalarctos maritimus 66—68,
195, 222

Polecat Mustela putorius 42, 47, 50-53,
191, 204, 222, Plate 108

Porcupine Hystrix cristata 91-92, 126,
191, 221, 247

Porcupine group Hystricomorpha 91-94,
120, 126, 198, 200, 221, 247

Porpoise Phocaena phocaena 62, 64, 191,
Plates 115, 116 and 117

Primates 15, 235, 242-44, 255, 266, 269,
Plates 119 and 178

Pronghorn Antilocapra americana 149,
181

Pudu Pudu pudu and mephistopheles 172,
173, 221

Puma Panther a concolor 152, 211

Pygmy antelopes Neotraginae 181, 287

Pygmy hippopotamus Choeropsis
liberiensis 104

Pygmy hog Sus salvanius 186

Pygmy shrew Sorex minutus 236, 238

Pyrenean desman Desmana (Galemys)
pyrenaica 239, 240, 249

Rabbit Oryctolagus cuniculus 91, 121,
126, 197, 198, 215, 244-47

Raccoon Procyon lotor 68, 204

Raccoon group Procyonidae 68, 99, 198,
204, 247

Rats Rattus 33, 36, 72-73, 74, 78, 100,
191, 201

Red deer Cervus elaphus 36, 101, 147-54,
157-60, 165-71, 173, 177, 182, 183,
208, 220, Plates 139, 140, 141, 142
and 148

Red fox Vulpes Vulpes 31, 40-42, 43, 54,
211

Red squirrel Sciurus vulgaris 31, 36, 70,
83-84, 90, 191, 211, 214, 219, 220

Red-toothed shrews Soricinae lid, 238

Reindeer Rangifer tarandus 32, 147,
148-49, 155, 158, 160, 161, 172, 173,
182, 185-86, 212

Reptiles Reptilia 202, 218, 219, 235, 259,
264, 278

Rhinoceroses Rhinocerotidae 34, 97,
107-11, 112-13, 116, 117, 118, 156,
180, 182, 191, 208, 222

Ribbon sed Phoca fasciata 192-93

Right whales Balaenidae 62

Ringed sed Pusa hispida 153, 191,

Plate 110

Rock dassies Procavia 253

Rocky Mountain goat Oreamnos ameri-
canus 221

Rodents Rodentia (Smplicidentata) 15,
30-37, 54, 69-95, 98-99, 121, 122,
126, 198-201, 204-7, 208-9, 211-15,
216-17, 220-22, 223, 225-29, 235

Roe deer Capreolus capreolus 101, 150,
153-54, 158, 160-62, 164-69, 173, 181,
183, 191, 195, 220, Plates 140, 143,
144, 145 and 159

Root vole Microtus ratticeps (oeconomus)
82,220

Roulin's tapir Tapirus pinchaque 186

Roya antelope Neotragus pygmaeus 186

Ruffed lemur Lemur variegatus 192-93

Ruminants Ruminantia 106, 107, 112—16,
118, 119, 120-95, 206, 207-9, 226

Sable Martes zibellina 53, 191

Saiga Saiga tatarica 199, 249

Sambars Cervus unicolor and marianus
150, 161

Sea cows Srenia 235, 252-53, 255

Sea lion (Cdlifornia) Zalophus
californianus 54, 57, Plate 113

Sea lion (Southern) Otaria byronia 100

Sea otter Latax (Enhydra) lutris 52, 191

Seds Pinnipedia 54-59, 60, 62, 63, 68,
95, 99, 100, 152-53, 197, 198, 200, 204,
209, 219, 220, 222, 224, 247, Plates 110,
111, 112,113 and 114

Selenodonts sse Ruminants

Serow Capricomis sumatraensis 221

Serva Leptailurus serval 152, 192

Sharks 23, 288
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Sheep Ovis ammon 32, 34, 97, 101, 118,
121, 134-36, 138-40, 144-45, 146, 182,
184-5, 208, Plates 138 and 160

Short-tailed vole Microtus agrestis 82

Shrews Soricidae 15, 198, 235-38, 240,
241, Plates 175, 176 and 177

Siberian lemming Lemmus sibiricus 214

Sifaca Propithecus diadema 23, 192

Sika Cervus nippon 150, 173

Skunks Mephitinae 191

Sloths Bradypodidae 215-16, 235

Snow leopard Uncia uncia 152

Snowshoe hare Lepus americanus 215

Socid vole Microtus socialis 214

South Russian desman Desmana moschata
239, 240, 249

Sperm whale Physeter macrocephalus 60,
62,185, 191, Plate 118

Spiny anteaters Tachyglossidae
(Echidnidae) 239

Spiny mouse Acomys cahirinus 239

Spotted hyena Crocuta crocuta 67-68,
152, 198

Spotted sudik Citellus suslicus 85-86,
153, 191

Squirrel group Sciuromorpha 83-90, 94,
198, 200

Squirrels Sciuridae 70, 83-86, 99, 126

Steller's sea cow Hydrodamalis (Rhytina)
Selleri 252

Striped field mouse Apodemus agrarius
72-73, 78, 191, 198, 215

Subungulates Subungulata 126

Sumatran rhinoceros Didermoceros
sumatrensis 110, Plate 129

Sudik (European) Citellus (Sperm-
ophilus) citellus 85-86, 90,99

Swine group Bunodonta 102-4, 105, 116,
207, 220

Tapirs Tapiridae 107, 108, 109, 116, 152,
180-81, 182, 186, 208, 220, 249,
Plate 128
Tarpan Equusferus silvestris 189, 191
Telemetacarpals Telemetacarpalia 172—73
Tenrec Tenrec (Centetes) ecaudatus 235
Thirteen-lined ground squirrel Citellus
tridecemlineatus 153
Thorold's deer Cervus albirostris 161
Tien-shan deer Capreolus capreolus
tienshanicus 162
Tiger Pantbera tigris 100, 191, 192, 220,
229, Plate 171
Timor deer Cervus timorensis 173
Toothed whales Odontoceti 62, 64, 68
Tree porcupine Erithezon dorsatum 93

Tree shrews Tupaiidae 15, 235

Tur Capra hircus caucasica 138

Two-toed anteater Cyclopes didactylus
288

Ungulates (hoofed animals) Ungulata
15, 30-37- 54, 63, 94, 97-195, 198-202
203-5, 207-9, 215-17, 220-22, 225-30,
235, 248

Vicuna Lama vicugna 113, 178

Virginia deer Odocoileus virginianus 158,
161, 173

Viscacha Lagostomus viscaccia 94

Voles Microtidae 80-83, 99, 220, 221

Walrus Odobenus rosmarus 57, 58-59,
100, 185, 191

Walruses Odobenidae 58

Wapiti (elk) Cervus elaphus canadensis
158, 286

Wart hog Phacochoer us aethiopicus
105-6, 118-19

Water buffalo Bubalus arnee 134, 222

Water chevrotain Hyemoschus
(Dorcatherium) aquaticus 115, 116, 186

Water shrew Neomys fodiens 236-38

Water vole Arvicola terrestris (amphibius)
82, 220

West African manatee Trichechus
senegalensis 252

Weasds Mustela 42-44, 46, 48, 49-53,
54, 99, 191, 200, 211

Whales Cetacea 59-65, 70, 95, 99, 100,
153, 191, 198, 200, 204, 205, 206,
209-10, 219, 220, 222, 287

White flag dolphin Lipotis vexillifer 59

White, or square-lipped, rhinoceros
Ceratotherium simum 108, 110, 111

White-toothed shrews Crocidurinae 236,
238, Plate 175

White whale (beluga) Delphinapterus
leucas 195

Wild ass (onager) Equus hemionus 178,
191

Wild boar Sus scrofa 70, 101, 102, 105-6,
Plates 125 and 126

Wild cat (African) Felis silvestris lybica
36,39

Wild cat (European) Felis silvestris
silvestris 36, 54, 99, 192, 224



Wild dog Lycaon pictus 222

Wolf Canis lupus lupus 36, 39-42, 54,
211

Wood lemming My opus schisticolor 214

Wood mouse Sylvaemus silvaticus 72, 73,
78, 82, 98, 211, 221, Plate 121

Woodland caribou Rangifer tarandus
caribou 185

Wooally rhinoceros Ceratotherium
(Coelodonta, Tichorhinus) antiquitas
110, Plate 132

Yak Bos mutus 134, 135, 146, 184-85,
222

Yellow-necked fidld mouse Sylvaemus
flavicollis 71, 78, Plates 166, 167 and
168

Zebras Equus zebra, grevyi and quagga
105, 107, 178, 189-90, 191, 229, 230,
Plate 155
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106. Two Malayan tree shrews. Their tails (not visble in this picture) are long and bushy (head and body 20 cm., or
about 8 in.).

107. The ermine in its white winter coat. It hesitates only a moment to investigate its surroundings before hiding
(head and body 22-29 cm., or 8V2-HV2 in.).
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108. The polecat's face shows the mask pattern (about natural size).
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(total length 1.20 m., or about 4 ft
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110. The ringed sed is the smalest of the seds (1.20-1.85m., or 4-6ft.). It lives
near the Arctic Ocean and in the northern parts of the Batic Sea

111 .Tv;/o ri\r/]al grey sed bulls (on the shore of Shillay Ide, in the Hebrides), each measuring 3 meters (or about 10 feet)
in length.



112. Two South American fur seds
sunning themselves (about 2 m.,
or 6V2 ft. long). Note the pre-
sence of external ears, as wdl
as vedtigial claws high up on
the flippers.
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113. Cadlifornia sea lion mother (1.80 m,, or about 6 ft.) playing in the water with her young.



114 3 b. Skull of a South African fur sed found near Capetown (length 27 cm., or about |O'Ain.). Even the molars
are pointed, and thus resemble canines.



115/116. This porpoise was caught accidentally by North Sea fishermen (1.60 m.,, over 5ft, long). In its open mouth
the numerous spatule-like teeth are clearly visible.




117. Common porpoise.
The skull of the specimen shown in 115/116, after preparation (26 cm., or about 10 in.).

118. Two enormous sperm whales on the pier at Rotterdam; they were found stranded on the coast of Holland in 1937.
The anima in the foreground measured 59 feet (or about 18 meters) and weighed about 52 tons.




119. Brown bear mother (250 m., or about 8 ft.) with young, which have the white neck band characteristic of
young bears.



120. Aardwolf with two cubs (height of the adult 50 cm., or about 20 in.).




121. Wood mouse with her winter supply of acorns (2 X).




123. Head of a bank vole (3 X).



124. Young dtalions fighting. Note the presence of upper incisors.



125. The wild boar has greatly elongated canines (height 90 cm., or 3 ft.).

126. Unlike adults of their species, young wild boars have a rhythmically aternating pattern of stripes.




127. The peccary has dangerous canines with razor sharp edges (shoulder height 50-60 cm., or 20-24 in.).



128. Lowland tapir of Brazil, yawning (in zoo).
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129. The Sumatran rhinoceros is covered with hair, especidly when young. Note the two small
horns. (Copenhagen Zoo, 1960; length 2 m., or about 6v2 ft.).

130. The Indian rhinoceros has only one horn. This calf wes the first to be born in captivity
(Bde Zoo, 1956; shoulder height of the adult 170 m., or 5Vs ft.).
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131. African black rhino with young, in the Amboscli Game Reserve in Kenya. The cow's larger horn is about 4 feet
(1.27 meters) long.

132. Late Ice Age cave painting of a woolly rhinoceros, with a massve fatty hump on its
back (Rouffignac/Dordogne in France, Magdaene).




133. The last picture drawn from nature of an aurochs (Poland, 1525).
134. Aurochs skeleton recovered from a moor in Saxony (Natural History Museum of Braunschweig). The
sheaths covering the horns were, of course, longer than the bony core that remains (head and body 3 m.,

or about 10 ft.).



136. European lowland bison, a
3 year old male in the Pforz-
heim Nature Preserve (head
and body 270 m., or 9 ft.).




137. The domesticated dwarf goats of Morocco climb trees to eat the foliage.



138. Attentive mouflon ram, with its powerful curved horns (shoulder height 65-75 cm., or 26-30 in.).




140. The red deer (with a shoulder height of 0.90-1.50m., 3-5ft) is much larger than the roe deer (0.65-0.75 m.,
26-30in.). A rare photograph taken in the wild.
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141. Sleeping red deer. In this picture (taken a midsummer) the velvet still covers the antlers.

142. The mice and squirrels of the forest often gnaw on antlers that the deer have
shed.
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143. Startled herd of roe deer, in October. Soon the buck will shed its antlers.
posterior pole.
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144. The roe often gives birth to two fawns. Like the young of mogt deer, these are spotted. Along the back bone, the
spots are arranged in longitudinal rows.




145. In contrast with the red deer the roebuck grows his antlers in the dead of winter.




147. Canadian moose, shot by a hunter. The largest living member of the deer family, the moose
is an enormous animal, over 7 feat (250 meters) high at the shoulder.



148. European red deer with crowned
antlers.

149. Skeleton of the extinct Irish ek
(Natural History Museum of
Magdeburg).




150/151.

Two giraffes. Note
the peculiar features
of their heads.




152, Three-horned mae giraffe, in Kenya (height 540 m.,, or 17V2ft.). Insectivorous birds search
in its coat for food.




153. Okapi, the wild giraffe of the Congo, with offspring. The femades are hornless (Bade Zoo, 1960;
shoulder height of the adult 160 m., over 5 ft.).

154. The Norwegian fjord horse still shows the leg stripes of the extinct tarpan
(shoulder height 140 m., or 472 ft.).



155. This Chapman's zebra fod is only a few days old. Its legs ssam dmost too long for its body.




156. Head of an angora cat, whose active emotional life is revealed in the alert expression of its eyes. During
the day its pupils contract to narrow, vertical dits.




157. An adult leopard steds soundlessly across the road in the Kriiger National Park, in South Africa (head and body
130 m,, over 4 ft.).

%

158. The American ocelot is brightly spotted (head and body 70-90 cm., or 28-36in.).



159. The attenuated lateral hooves of the
ungulates have the potentiality of be-
coming main hooves, as this anomalous
roe deer hoof shows (Deutsche Jager-
zeitung no. 9, Mdsungen, 1962).

160. This sheep's hoof came from a merino ram that lived during the last century. The animal
was elevated by straps so that its feet could not touch the ground and its hooves were pre-
vented from wearing down naturally. Like the horns, the hooves grow in a spiral formation,
thus demonstrating their formative tendency (from Duerst).



161. Babirusa boar, of Celebes
and surrounding idands
(heed and body 1 m., or
about 3 ft.).

162. Skull of a babirusa. In the mae dl four canines grow upward (length of the skull 30 cm., or about 12 in.).



163. The Bates pygmy antelope, of Cameroon (30 cm., or about 12 in. high at the shoulder), is only dightly taller than
the royal antelope, of Liberia, the smalest ungulate in the world.



164. Closdly related to the pygmy antelope of Liberia is Guenther's dik-dik of Kenya (shoulder height 35 cm., or 14 in.).
Despite its sendgitivity, this animal shows something of the dreaminess typical of al ruminants.

165. A Kirk's dik-dik fawn. Compare this tiny antelope with the largest frog (Rana goliath) in the world. Both animals
are found in Angola.




166/167. Yellow-necked fiddld mouse in nest with her young. Above, the young are one day old.
Below, after sx days the first hair begins to grow aong the back (head and body of the adult
8.8-13 cm, or 3Vs5in.).




-

168. The development of a yellow-necked field mouse from its amost embryonic state at birth, until it has become a young
mouse with open eyes. Left, from the top down, 1, 5, and 7 days old. Right, from the bottom up, 10, 12, and 15
days old. The newborn is only 3 cm. long, without its tail (relative szes are correct).



169. At birth the giraffe falls from a height of 6V2 feet (2 m.). It is still partly enclosed within
the amniotic sac.




170. A few minutes after birth the giraffe raises its head, opens its eyes, and tries to lift its ears.
Soon it stands up, and is amost as tall as a man (Tokyo Z0oo0).




172. In contrast to the tiger, the lions hunt and eat in groups.



174. House mouse in the entrance of its burrow; it enjoys the feding of being surrounded on all sdes.



175. Portrait of a white-toothed shrew. Its open mouth is fringed with long
whiskers (4 X).

176. Shrew leading her young; each has its teeth clenched tightly in the fur of the one in front of it.




177. The dental structure of the three European insectivores (skulls enlarged to the
same length). In the common shrew's skull (actual length 2 cm.) the incisors
are dominant; in the mole (35 cm.) the canines are; and in the hedgehog
(5.5 cm.) the molars dominate. All three kinds of teeth are aways represented

in members of this group.



178. Adult baboon, a male mandrill, with elongated canines.



179. The young baboon has in its st of milk teeth canines comparable to those of man.



i

180. Upper jaw of an African elephant with four tusks—it is rare that two pairs
of incisors should become elongated (Armand Denis, On Safari, London, 1963).




181. African bull elephants at Lake Manyara Park in Tanzania (up to 4 m,, or 13*/2 ft., tall).



182/183. Two bovine embryos surrounded by the fetal membranes. Above, 34 days
old (15 X natural size). The innermost membrane is the amnion, followed by
the brightly shining allantois, which in turn is surrounded by the chorion.
Below, about 50 days old (actual size). The growing fetus has developed its
fundamental organs and floats weightlessly in the amniotic fluid. The chorion
(partly cut open) has begun to show signs of the developing placenta: On the
chorion itsdf cotyledons are visible, as are the corresponding caruncles on the
mucous membrane of the uterus (see p. 208).



