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Foreword

This book is a contribution to the history of ethology—not a definitive
history, but the personal view of a major figure in that story. It is all the
more welcome because such a grand theme as ethology calls for a range
of perspectives. One reason is the overarching scope of the subject. Two
great questions about life that constitute much of biology are “How does
it work (structure and function)?” and “How did it get that way (evolu-
tion and ontogeny)?” Ethology addresses the antecedent of “it.” Of what
are we trying to explain the mechanism and development? Surely behav-
ior, in all its wealth of detail, variation, causation, and control, is the
main achievement of animal evolution, the essential consequence of
animal structure and function, the raison d’etre of all the rest. Ethology
thus spans between and overlaps with the ever-widening circles of ecol-
ogy over the eons and the ever-narrowing focus of physiology of the
neurons.

Another reason why the history of ethology needs perspectives is the
recency of its acceptance. For such an obviously major aspect of animal
biology, it is curious how short a time—Iless than three decades—has
seen the excitement of an active field and a substantial fraternity of work-
ers, the addition of professors and courses to departments and curricula
in biology (still far from universal), and the normal complement of spe-
cial journals, symposia, and sessions at congresses. Of course, animal
behavior has been a subject of serious writings, usually called natural
history, for centuries. However, for reasons that need historical perspec-
tives to be evaluated, the dignity of a major discipline long escaped all
but the facets embraced by psychologists.

Did the arrival and spread of acceptance of the modern study of free
animal behavior await the impetus of a school, of advocates, of theories
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and models? Surely Konrad Lorenz was a major factor, through his
thought-provoking approach, his eloquence, his inspiration to many stu-
dents—and above all his intimate and wide familiarity with animals in
nature.

When a figure so largely responsible for the emergence and develop-
ment of a scientific approach chooses to summarize the field, as Konrad
Lorenz does here for ethology, it is an historical document and worth
attention. It is all the more important for a subject so bound up with
concepts, conceptual methodology, and interpretation, and so dependent
on accumulated experience in watching animals. It is Lorenz’s perception
that “fashion” and “ideological prejudice’”” have obscured our familiarity
with some of the basic foundations of ethology, even on the part of
knowledgeable authors, so that a main aim of this work is to remind us
of the historical origins and of “how narrow that factual foundation is
and hence how needful is thorough verification.”

One cannot but wonder whether the brigades of workers who have
followed Lorenz’s lead have not provided either that verification or some
modification. It is therefore an understandable hope of some readers to
find Lorenz’s evaluation of newer data and his position on the debates
over concepts or terms. However, this would have meant virtually a full
review of the accumulated literature and such is not Lorenz’s aim within
these covers. On the whole, apart from a few interesting admissions of
changes in viewpoint and terminology, one has to look hard for changes
in usage, definition, or concepts made as a result of the findings and rein-
terpretations of later workers.

It is only to be expected that such a document will be highly personal.
Moreover, it is bound to sound familiar. But a close reader of Lorenz will
note many new or refined positions. Of special interest to those who
think of ethology as mainly concerned with unlearned, instinctive
behavior of non-mammalian taxa will be two features. One is a series of
chapters devoted to adaptive modification of behavior. In one of these
Lorenz distinguishes between two forms of operant conditioning, a form
which he believes is common in nature, and another that is quite uncom-
mon. The other feature is an appendix devoted to Homo sapiens. Here he
gives reason to claim that the science of human ethology has much to
teach us, all the more so because the human species, while not outside
the natural biological order, is very special indeed in cultural heritage
and the elaboration of language.

Only a personal restatement of the foundations by one of the founders
can have the poignancy this book has as the result of changes in the pre-
vailing intellectual climate, such as the new respectability of discussions
about animal consciousness and mental life. Not that such changes have
an easily predictable effect, for example, in making Lorenz’s viewpoint
more persuasive or some ogres less like straw men. It is certainly one of
the charms of this book to see for oneself what the arguments sound like
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in the light of all that has happened in science and society. Lorenz lets
us reexamine not only the factual foundations but the methodological
and even some philosophical bases. The reexamination may not always
lead to greater sympathy for the Lorenzian alternative but should lead to
better history and a greater motivation to broaden the base.

Appreciation of this book and the wealth of observation of nature it
represents is enhanced if one adapts to Lorenz’s methods of exposition.
Each reader will no doubt develop his or her own approach. For example,
I learned not to judge or even to try to absorb the sweeping induction
that opens the paragraph, but to wait until the example unfolds that
makes the key terms understandable. It is best not to be put off by expres-
sions such as “explanatory monism,” “atomism,” “technomorphically,”
“teleonomy,” or “relatively entirety-independent.” But these are no
doubt the limitations of a relatively example-dependent physiologist-
reader! I could not expect every familiar term to be defined or strong
language to be eschewed (“never,” “any at all,” “exploded”). And I
learned that one road to understanding is to contrast the right view with
a delineation of the bad guy’s view.

There have been various images of scientists: bricklayers adding facts
to erect an edifice of knowledge, revolutionaries putting together dis-
crepancies to overturn established “paradigms,” delvers uncovering nug-
gets of gold, and wise men avoiding the Baconian idols of the market-
place and idols of the tribe. This book conjures up the image of a slayer
of dragons; the preferred form of exposition of scientific advance is to
show how wrong was some previous view. Most authors cited are either
protagonists or adversaries, and the latter are astonishingly bad. The list
of bad guys is long: vitalists, monists, reflexologists, Pavlovists.

One reads on, captivated by the parade of striking examples. The
enduring images are the vivid descriptions—of a shrike holding an
object in its bill and searching for thorns, or performing impaling
motions in vacuo; of a goose, satiated with corn but deprived of an
opportunity to up-end and gather food from the pond bottom, so that
when offered corn thrown into the pond at the right depth, began “feed-
ing for the sake of up-ending instead of up-ending for the sake of feed-
ing”; of the experienced male cichlid fish that is not fooled by the best
fish-like dummy, in contrast to the male raised in isolation that gives a
full male courtship response when the simplest dummy moves into view.
While unusual for fish, this drives home both the nature of the evidence
for innate releasing mechanisms and the possibility of refining both the
sign stimuli and the recognition process by learning. These and scores of
other graphic instances are mostly familiar to ethologists as classical
examples; they form the solid empirical foundations of ethology. It is
understandable how they invite categorization, concept formation, the
induction of entities, and the attempt to interpret in some sort of crude
mechanistic terms. It is too much to ask that the ethologist “stick to his
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last” and avoid wandering into physiology. We should expect and wel-
come such excursions, and judge their success not so much by the sophis-
tication or modernity of the physiological model but by how heuristic it
is in suggesting things to look for.

Rarely does a founder of a field give us his insider’s view of it. Would
that other participants in the founding of ethology were moved to
emulate Dr. Lorenz in sharing their impressions of its development. In
such a spectrum of memoirs, this book would have a key position.

Theodore Holmes Bullock
University of California, San Diego
La Jolla, California



Preface

In some respects, the development of a science resembles that of a coral
colony. The more it thrives and the faster it grows, the quicker its first
beginnings—the vestiges of the founders and the contributions of the
early discoverers—become overgrown and obscured by their own prog-
eny. There is one drawback to the strategy of growth pursued by the
coral tree. The polyps at the end of its branches have a much better
chance of further development than those situated near the foundation.
The ends go on growing faster and faster without considering the neces-
sity for strengthening, in proportion, the base that must carry the weight
of the whole structure. Unlike an oak tree, the coral colony does nothing
to solidify its support. Consequently, there is a lot of coral rubble
detached from points of departure, and this is either dead or, if still
partly alive, growing in indeterminate directions and getting nowhere.

Having myself grown very near the point from which ethology, as a
new branch of biological science, had its origin, it may seem presump-
tuous if I compare the present state of our science to a coral colony whose
branches, by losing contact with their foundation, are producing quite a
lot of rubble. However, there is no doubt that they do, and I am pre-
sumptuous enough to criticize this. My justification lies in the fact that
really important discoveries, such as those made by Charles Otis Whit-
man, Oskar Heinroth, Erich von Holst, Kenneth Roeder, and others, are
being forgotten, and for reasons, I contend, which are partly to be found
in mere fashion, and partly in ideological prejudices.

So this book is not an up-to-date textbook on ethology. It does not pre-
sume to include all the most recent developments within this science,
not even those which mean very real advances. Its aim is to remind sci-
entists in general of the basic facts on which ethology is founded, and to
remind ethologists in particular of how narrow the factual foundation of
our science really is, how completely our science relies on these facts
being correct, and how much, therefore, their thorough verification
remains necessary.
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Introductory History

Ethology, the comparative study of behavior, is easy to define: it is the
discipline which applies to the behavior of animals and humans all those
questions asked and those methodologies used as a matter of course in
all the other branches of biology since Charles Darwin’s time.

When one considers with what rapidity the ideas of evolution, and
particularly the Darwinian concept of natural selection, caught on in
almost all branches of biology, one searches for an explanation as to why
these ideas were so tardily accepted by the disciplines of psychology and
behavioral science. The main reason that biological thinking and espe-
cially comparative methods were prevented from penetrating the study
of behavior was an ideological dispute between two prominent schools
of psychology.

The bitterness with which this dispute was pursued was nourished,
above all, by the diverse philosophies of the antagonists. The school of
purposive psychology, represented primarily by William MacDougall
and later by Edward Chase Tolman, postulated an extranatural factor:
“instinct” was regarded as an agens or agency neither in need of nor
accessible to a natural explanation. “We consider an instinct but we do
not explain it,” wrote Bierens de Haan as late as 1940. To this conception
of instinct was always also appended a belief in its infallibility. Mac-
Dougall rejected all mechanistic explanations of behavior. For example,
he considered it a consequence of instinct when insects pressed forward
purposively toward light; he conceded the possibility of a mechanistic
explanation, through tropism, only in those cases where these animals,
most unpurposively, flew into a burning lamp. According to MacDougall
and his school, everything animals do is in pursuit of a purpose and this
purpose is set by their extranatural and infallible instinct.
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Those of the behaviorist school of psychology justifiably criticized the
assumption of extranatural factors as unscientific. They demanded causal
explanations. Through their methodology they sought to place them-
selves as much apart as possible from the purposive psychologists. They
regarded the controlled experiment as the only legitimate source of
knowledge. Empirical methods were to take the place of philosophical
speculation.

With the exception of a certain lack of appreciation for simple obser-
vation, this program incorporated no methodological error, and yet it
brought about an unfortunate consequence: all research interests were
concentrated on those aspects of animal and human behavior which
readily lent themselves to experimentation—and this led to explanatory
monism.

A combination of William Wundt’s (1922) association theory with the
reflex theory (reflexology) that was then dominating the fields of physi-
ology and psychology, as well as with the findings of I. P. Pavlov (1927),
facilitated the abstraction of a behavior mechanism—the so-called con-
ditioned reflex—the qualities of which marked it as ideal for experimental
research.

At that time the corrective criticism made by the behaviorists concern-
ing the opinions held by the purposive psychologists was salutary in
every way. But, unobserved, a ruinous logical error crept into behaviorist
thinking: because only learning processes could be examined experimen-
tally and since all behavior must be examined experimentally, then, con-
cluded those of the behaviorist school, all behavior must be learned—
which, naturally, is not only logically false but also, factually, complete
nonsense.

Knowing the views of those in the opposition, and having made a jus-
tifiable critique of those views, the purposive psychologists as well as the
behaviorists were pushed into extreme positions which neither of them
would otherwise have taken. While those of one group were imbued
with a mystical veneration of “THE instinct” and attributed excessive
capacities, even infallibility, to the inborn, those of the other group
denied its very existence. The purposive psychologists, who were quite
aware of innate behavior patterns, regarded everything instinctive as
inexplicable and, just as Bierens de Haan (1940), refused even to attempt
a causal analysis. Those others who certainly would have been capable
and ready to undertake such analytical research denied the existence of
anything inborn, and dogmatically declared that all behavior was
learned. The truly tragic aspect of this historical situation is that the pur-
posive psychologists, particularly MacDougall himself, knew animals
well and possessed a good, general knowledge of animal behavior, some-
thing which is still lacking among the behaviorists even today, because
they regard simple observation as unnecessary, in fact, as “unscientific.”
In this context, the truth of a statement of Faust’s comes to mind: “What
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one does not know is exactly what one needs, and what one does know
one cannot use.”

This ideological dispute between these two schools of psychology was
still being actively pursued when, completely unnoticed by both and
independent of their influence, the scientific study of innate behavior
patterns came into being. At the turn of the century Charles Otis Whit-
man and, a few years later, independently of him, Oskar Heinroth dis-
covered the existence of patterns of movement, the similarities and differ-
ences of which, from species to species, from genus to genus, even from
one large taxonomic group to another are retained with just as much con-
stancy and in exactly the same way as comparable physical characters. In
other words, these patterns of movement are just as reliably characteristic
of a particular group as are tooth and feather formation and such other
proven distinguishing physical attributes used in comparative morphol-
ogy. For this fact there can be no other explanation than that the simi-
larities and dissimilarities of these coordinated movements are to be
traced back to a common origin in an ancestral form which also already
had, as its very own, these same movements in a primeval form. In short,
the concept of homology can be applied to them.

These facts alone prove that these movements originate phylogeneti-
cally and are imbedded in the genome. It is just this that is overlooked
by those students of behavior who would like to explain away every con-
ceptual distinction between innate and acquired characteristics. When
the African black duck (Anas sparsa) living on tropical rivers, the mallard
living on our own lakes, the many species of wild ducks living on the
ponds of zoos, and the domesticated ducks living in the barnyards of our
farms, in spite of the differences of their environments and despite all
the possible influences of captivity, display courtship movements that
are unmistakably similar in a countless number of characteristics, then
the program for these movements must be anchored in the genome in a
manner exactly identical with that in which the program of morpholog-
ical characters is coded in the genes. If, after this discovery, theories con-
cerned with the problem of “nature versus nurture” continue to be pub-
lished, this is explainable only through the assumption that these
authors are unaware of the discoveries made at the turn of the century,
or that they have chosen to ignore them. That they indeed do this was
soon clear to me. American psychologists often visited Karl Biihler’s
institute. I asked each and every one of them whether they knew the
name Charles Otis Whitman. Not one of them knew the name.

The discovery that movement patterns are homologous is the Archi-
medean point from which ethology or the comparative study of behavior
marks its origin. Paradoxically, even the work of authors who deny the
essential difference between innate and acquired behavior mechanisms
is built upon the same factual base.

I discovered for myself, independently of Whitman and Heinroth, that
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patterns of movement are homologous. When studying at the university
under the Viennese anatomist, Ferdinand Hochstetter, and after I had
become thoroughly conversant with the methodology and procedure of
phylogenetic comparison, it became immediately clear that the methods
employed in comparative morphology were just as applicable to the
behavior of the many species of fish and birds I knew so thoroughly,
thanks to the early onset of my love for animals. Soon after this I met
Oskar Heinroth, the discoverer of my discovery, and early in the 1930’s
both of us learned through communication with the American ornithol-
ogist, Margret Morse Nice, that Charles Otis Whitman had come to essen-
tially the same conclusions as Heinroth about ten years earlier. At the
same time all this was happening, we met the most distinguished of
Whitman'’s students, Wallace Craig.

Neither Whitman nor Heinroth ever expressed any views concerning
the physiological nature of the homologous movement patterns they had
discovered. My own knowledge of the physiology of the central nervous
system came from lectures and textbooks in which the Sherringtonian
reflex theory (1906) was regarded as the last word and the incontestable
truth. The expression “reflex” evokes, linguistic-logically, the vision
of a simple, linear causal relationship between the incoming stimulus
and the response given to it by the organism. In this simplicity lies the
seductive effect of the concept: It is just as easy to understand as it is
to teach.

Under Karl Biihler’s tuition I gained enough knowledge of the two
prominent schools of American psychology to feel myself qualified to
criticize them on two fundamental points. The first was that the infalli-
ble, preternatural “instinct” in which the purposive psychologists
believed simply did not exist; too often had I seen innate behavior pat-
terns taking their course in completely blind and senseless sequences.
The second criticism was that the point of view of the behaviorists, that
all animal behavior is learned, was totally false.

I had published several short articles, based on my own observations,
about the problem of the innate and homologous in motor patterns when
my friend, Gustav Kramer, imposed himself on the course of these events
by influencing the biologist, Max Hartmann, to invite me to give a lec-
ture to the Kaiser Wilhelm Society for the Advancement of Science (now
the Max Planck Society). Kramer was carrying out his intention of pro-
viding a setting for a discussion between Erich von Holst and me. He
was von Holst’s friend as well as mine, and he was well aware that the
phenomena which I was observing in the motor patterns of intact ani-
mals were very closely related to those processes which von Holst was
investigating experimentally at the neurophysiologic level. Gustav Kra-
mer believed that the congruity between von Holst’s research results and
mine would be that much more startling and convincing the longer we
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worked completely independently of one another; that is why he per-
petuated this remarkable feat of extended reticence.

So then, in 1935, I gave my lecture at Harnack House in Berlin. Its
theme was based on my article, “The Concept of Instinct Then and
Now.” (1932) There I made it clear that any animal is perfectly capable,
through goal oriented and variable behavior, of striving toward a pur-
pose, but that this purpose may not, as the purposive psychologists sup-
posed, be equated with the achievement of the teleonomic function of
behavior. The purpose toward which the animal, as subject, is striving,
is simply a run-through or discharge of that kind of innate behavior
which Wallace Craig designated as “consummatory action” (1918) and
which we now call the drive-reducing consummatory act. Up to this
point what I said then is more or less what I believe today.

But what I had to say about the physiological nature of fixed action
patterns was influenced by doctrinaire bias. Led by MacDougall, the pur-
posive psychologists had continued their battle against the reflex theory
of the behaviorists and, quite rightly, had emphasized the spontaneity of
animal behavior. “The healthy animal is up and doing,” MacDougall had
written. I was already thoroughly familiar with the writings of Wallace
Craig and, through my own research, I was well acquainted with the
phenomena of appetitive behavior and of threshold lowering for releas-
ing stimuli—and I should have borne in mind a particular sentence of a
letter Craig had sent shortly before, in which he had argued against the
reflex concept: “It is obviously nonsense to speak of a re-action to a stim-
ulus not yet received.”

At that juncture mere common sense ought to have prompted me to
put the following question: Innate motor patterns have, apparently,
nothing to do with higher intellectual capacities; they are governed by
central nervous processes which occur quite independently of external
stimuli and they tend to be repeated rhythmically. Do we know of any
other physiological processes which function in a similar way? The
obvious answer would have been: Such motor patterns are very well
known, particularly those of the vertebrate heart for which stimulus pro-
ducing organs are anatomically known and the physiology of which has
been thoroughly studied.

I lacked the independence of mind and the self-assurance that would
have been necessary to ask this question. My valid aversion toward the
preternatural and inexplicable factors which the vitalists had summoned
to interpret spontaneous behavior was so deep that I lapsed into the
opposite error; I assumed that it would be a concession to the vitalistic
purposive psychologists if I were to deviate from the conventional
mechanistic concept of reflexes, and this concession I did not wish to
make. During the course of that lecture I did cover completely, and with
especial emphasis, all those characteristics and capacities of fixed action



6 Introductory History

patterns which could not be accounted for by means of the chain reaction
theory, yet, in my summary at the end, I still concluded that fixed action
patterns depended on the linkage of unconditioned reflexes even if the
cited phenomena of appetitive behavior, threshold lowering, and vac-
uum activity (I will return to this on page 127) would require a supple-
mentary hypothesis for clarification.

Sitting next to my wife in the last row of the auditorium was a young
man who followed the lecture intently and who, during the exposition
on spontaneity, kept muttering, “Menschenskind! That's right, that’s
right!” However, when I came to the concluding remarks described
above, he covered his head and groaned, “Idiot.” This man was Erich
von Holst. After the lecture we were introduced to one another in the
Harnack House restaurant and there it took him all of ten minutes to
convince me forever that the reflex theory was indeed idiotic.

The moment one assumed that the processes of endogenous produc-
tion and central nervous coordination of impulses, discovered by von
Holst, and not some linkage of reflexes, constitute the physiological bases
of behavior patterns, all the phenomena that could not be fitted into the
reflex theory, such as threshold lowering and vacuum activities, not only
obtained an obvious explanation but became effects to be postulated on
the basis of the new theory.

A consequence of this new physiological theory of the fixed motor pat-
tern was the necessity to analyze further that particular behavioral sys-
tem which Heinroth and I had called the arteigene Triebhandlung (literally,
species—characteristic drive-action) and which we had regarded as an
elementary unit of behavior. Obviously, the mechanism which selec-
tively responded to a certain stimulus situation must be physiologically
different from the fixed motor pattern released. As long as the whole
system was regarded as a chain of reflexes, there was no reason for con-
ceptually separating, from the rest of the chain, the first link that set it
going. But once one had recognized that the movement patterns resulted
from impulses endogenously produced and centrally coordinated and
that, as long as they were not needed, they had to be held in check by
some superordinated factor, the physiological apparatus which triggered
their release emerged as a mechanism sui generis. These mechanisms
that responded selectively to stimuli, in a certain sense served as “filters”
of afference, were clearly fundamentally different from those which pro-
duced impulses and from the central coordination that was independent
of all afference.

This dismantling of the concept of the arteigene Triebhandlung into its
component parts signified a substantial step in the development of
ethology. The step was taken in Leyden at a congress called together by
Prof. van der Klaauw. During discussions that lasted through the nights,
Niko Tinbergen and I conceived the concept of the innate releasing mech-
anism (IRM), although it is no longer possible to determine by which one
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of us it was born. Its further elaboration and refinement, and the explo-
ration of its physiological characteristics, especially its functional limi-
tations, are all due to Niko Tinbergen’s experiments.

Concurrent with the conceptualization of the IRM, the concept of the
fixed action pattern or instinctive motor pattern was also narrowed and
made more precise, and in exactly the way Charlotte Kogon had pro-
posed as early as 1941 in her book, The Instinctive as a Philosophical Problem,
a book which regrettably remained unknown to me until just recently.
Subsequently, and up to the present, the concepts of IRM and of the fixed
motor pattern have proved their worth; their utility in the most diverse
kinds of flow diagrams make it probable that they are, in fact, function-
ally if not also physiologically identical mechanisms. For the visualiza-
tion and presentation of hierarchically organized instincts (Tinbergen,
Baerends, Leyhausen) they have been especially useful.

During the years that followed ethology developed quickly, both in
the results achieved and in the increasing number of researchers. A large
store of data was laboriously assembled; many unique discoveries were
made. If one chooses to criticize this period of felicitous research, it can
be reproached for one-sidedness, even for a certain failure to think in
terms of systems. This was inherent in an orientation that almost com-
pletely ignored learning processes; above all, the relationships and inter-
relationships that existed between the newly discovered inborn behavior
mechanisms and the various forms of learning were barely touched. My
modest contribution, which comprised a formulation of the “instinct-
learning intercalation” concept, got no further than formulation; besides,
the example on which the conceptualization—correct in itself—was
based, was false. (See page 60.)

In 1953 a critical study appeared which had a behaviorist point of view
but which did not come from a behaviorist. In “A Critique of Konrad
Lorenz’s Theory of Instinctive Behavior” Daniel S. Lehrmann dismissed,
on principle, the existence of innate movement patterns and, in so doing,
supported his argument substantially by using a thesis of D. O. Hebb
(1940) who had maintained that innate behavior is defined only through
the exclusion of what is learned and, thus, as a concept was “nonvalid,”
that is, unusable. Drawing on the findings of Z. Y. Kuo (1932), Lehrmann
also asserted that one could never know whether or not particular behav-
ior patterns had been learned within the egg or in utero. Kuo had already
recommended abandoning the conceptual separation of the innate and
the acquired. All behavior, in his opinion, consisted of reactions to stim-
uli and these reflected the interaction between the organism and its
environment. The theory of a pre-extant relationship between the organ-
ism and the conditions of its environment is no less questionable, for
Kuo, than the assumption of innate ideas.

My answer to Lehrmann’s critique was short and forceful but, at first,
missed the most essential mark. The assertion that the innate in compar-
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ative studies of behavior is defined only through the exclusion of learn-
ing processes is entirely false: like morphological traits, innate behavior
patterns are recognizable through the same systematic distribution of
attributes; the concepts of innate and acquired are as well defined as
genotype and phenotype. The reply to the theory that the bird within
the egg or the mammal embryo within the uterus could there have
learned behavior patterns which then “fit” its intended environment
was formulated by my wife and with a single phrase: “Indoor ski
course.” I myself wrote at the time that Lehrmann, in order to get around
the concept of innate behavior patterns, was actually postulating the
existence of an innate schoolmarm.

My formulation of the concept of the “innate schoolmarm” was clearly
intended as a reductio ad absurdum. What neither I nor my critics saw
was that in just this teaching mechanism the real problem was lurking.
It took me nearly ten years to think through to where, actually, the error
of the criticism and the counter-criticism was located. It was so very dif-
ficult to find because the error had been committed in exactly the same
way by both the extreme behaviorists and by the older ethologists. It was,
as a matter of fact, incorrect to formulate the concepts of the innate and
the acquired as disjunctive opposites; however, the mutuality and inter-
section of their conceptual contents were not to be found, as the “instinct
opponents” supposed, in everything apparently innate being, really,
learned, but the very reverse, in that everything learned must have as its
foundation a phylogenetically provided program if, as they actually are,
appropriate species-preserving behavior patterns were to be produced.
Not only Oskar Heinroth and I, too, but other older ethologists as well,
had never given much concentrated thought to those phenomena which
we quite summarily identified as learned or as determined through
insight and then simply shoved them to the side. We regarded them —if
one wishes to describe our research methods somewhat uncharitably —
as the ragbag for everything that lay outside our analytical interests.

So it happened that neither one of the older ethologists nor one of the
“instinct opponents” posed the pertinent question about how it was pos-
sible that, whenever the organism modified its behavior through learn-
ing processes, the right process was learned, in other words, an adaptive
improvement of its behavioral mechanisms was achieved. This omission
seemed particularly crass on the part of Z. Y. Kuo (1932) who had so
expressly disassociated himself from every predetermined connection
between organism and environment but who, at the same time, regarded
it as axiomatic that all learning processes induced meaningful species-
preserving modifications. As far as my knowledge goes, P. K. Anokhin
(1961) was first among the theorists of learning to grasp the conditioned
reflex as a feedback circuit in which it was not only the stimulus configu-
ration arriving from the outside, but more especially the return notifica-
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tion reporting on the completion and the consequences of the condi-
tioned behavior that provided an audit of its adaptiveness.

As in many other cases of erroneous reasoning, the behaviorists” exclu-
sion of questions concerning the adaptive value of learned behavior may
be traced to their emphatic antagonism to the school of purposive psy-
chology. The latter’s uninhibited commitment to behavior’s extranatural
purpose created in the behaviorists such antipathy to all concepts of pur-
pose that, along with purposive teleology, they also resolutely refused to
consider any species-preserving purposefulness, including teleonomy as
defined by C. Pittendrigh (1958). This attitude, unfortunately, made
them blind to all those things that could be understood only through a
comprehension of evolutionary processes.

The innate schoolmarm, which tells the organism whether its behavior
is useful for or detrimental to species continuation and, in the first
instance reinforces and in the second extinguishes that behavior, must
be located in a feedback apparatus that reports success or failure to the
mechanisms of the first phases of antecedent behavior. This realization
came to me only slowly and independently of P. K. Anokhin. I published
my theories on this subject also in 1961 in my monograph, Phylogenetische
Anpassung und adaptive Modifikation des Verhaltens, which I later extended
and enlarged for a book in English, Evolution and Modification of Behavior.
As I emphasized in that publication, whenever a modification of an
organ, as well as of a behavior pattern, proves to be adaptive to a partic-
ular environmental circumstance, this also proves incontrovertibly that
information about this circumstance must have been “fed into” the organism.
There are only two ways this can happen. The first is in the course of
phylogenesis through mutation and/or new combinations of genetic fac-
tors and through natural selection. The second is through individual
acquisition of information by the organism in the course of its ontogeny.
“Innate” and “learned” are not each defined through an exclusion of the
other but through the way of entrance taken by the pertinent information that
is a prerequisite for every adaptive change.

The bipartition, the “dichotomy” of behavior into the innate and the
learned is misleading in two ways, but not in the sense maintained in
the behaviorist argument. Neither through observation nor through
experimentation has it been found to be even in the least probable, still
less a logical necessity, that every phylogenetically programmed behav-
ior mechanism must be adaptively modifiable through learning. Quite
the contrary, it is as much a fact of experience as it is logical to postulate
that certain behavior elements, and exactly those that serve as the built-
in “schoolmarm” and conduct the learning processes along the correct
route, are never modifiable through learning.

But, on the other hand, every “learned behavior” does contain phy-
logenetically acquired information to the extent that the basis of the
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teaching function of every “schoolmarm” is a physiological apparatus
that evolved under the pressure of selection. Whoever denies this must
assume a prestabilized harmony between the environment and the
organism to explain the fact that learning—apart from some instructive
failures—always reinforces teleonomic behavior and extinguishes
unsuitable behavior. Whoever makes himself blind to the facts of evo-
lution arrives inevitably at this assumption of a prestabilized harmony,
as have the cited behaviorists and that great vitalist, Jakob von Uexkiill.

The search for the source of information which underlies both innate
and acquired adaptation has, since those earlier years, yielded significant
results. I will mention only the research done by Jiirgen Nicolai (1970)
with whydah birds (Viduinae) in which the information can be “coded”
in such an intricate way: essential parts of the adult bird’s song have been
learned by monitoring the begging tones and other tonal expressions of
whichever species of host bird the whydah happened to be hatched and
reared.

Inquiry into the phylogenetic programming of the acquiring processes
has proved to be important in many respects. Like imprinting, some
acquiring processes are impressionable only during specific sensitive
periods of ontogeny; a failure to perceive and meet their needs during
those crucial periods in animals and humans can result in irremediable
damage. Within cultural contexts the distinction between the innate and
the acquired is also significant. Man, too, and his behavior are not unlim-
itedly modifiable through learning and, thus, many inborn programs
constitute human rights.

As early as 1916, Oskar Heinroth wrote in the conclusion of his classic
paper on waterfowl:

I have, in this paper, drawn attention to the behavior used in social inter-
course and this, especially in birds living in social communities, turns out to
be quite amazingly similar to that of human beings, particularly in species
in which the family—father, mother and children—remain together living
in a close union as long as, for instance, geese do. The taxon of Suropsidae
[the branch formed by reptiles and birds; see Figure 6, page 75] has here
evolved emotions, habits and motivations very similar to those which we
are wont to regard, in ourselves, as morally commendable as well as con-
trolled by reason. The study of the ethology of higher animals (still a regret-
tably neglected field) will force us more and more to acknowledge that our
behavior towards our families and towards strangers, in our courtship and
the like, represents purely innate and much more primitive processes than
we commonly tend to assume.

This early admonishment notwithstanding, ethology was curiously tardy
in approaching Man as a subject.

In the investigation of humans it is not easy to fulfill the primary task
of ethology, which is the analytical distinction of fixed motor patterns.
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No less a man than Charles Darwin in his monograph, The Expression of
Emotion in Man and Animals (1872), pointed out the homology of some
human and animal motor patterns. The homology was convincing, but
solid proof still remained necessary.

Irendus Eibl-Eibesfeldt (1973) was the first to afford this proof. He
chose the same movements which Darwin had studied —those express-
ing emotions. For obvious reasons, the experiments involving social iso-
lation that are generally used to prove a motor pattern to be independent
of learning could not be used with humans, so Eibl fell back on the study
of those unfortunates with whom an illness had already initiated this
experiment in an equally cruel and effective manner: he studied children
born deaf and blind. As he was able to demonstrate by means of film
analyses, these children possessed a practically unchanged repertoire of
facial expressions although, living in permanent and absolute darkness
and silence, they had never seen or heard these expressed by any fellow
human.

As a second route of approach, Eibl-Eibesfeldt (1967, 1968) used the
cross-cultural method to study the expression of emotions in humans. He
observed and filmed representatives of as many cultures as he could, in
standardized situations such as greeting or taking leave, quarreling,
experiencing grief and enjoyment, courting, and so on. The essential pat-
terns of expressing emotions proved to be identical in all the cultures he
was able to study, even when the patterns were subjected to minute anal-
ysis by means of slow motion films. What varied was only the control
exerted by tradition: this affected a purely quantitative differentiation of
expression.

The most important result of Eibl-Eibesfeldt’s extensive and patient
research can be stated in a single sentence. The motor patterns shown
undiminished by deaf-and-blind children are identical to those that,
through cross-cultural investigation, have been shown to be inaccessible
to cultural change. In view of these incontrovertible results, it is a true
scientific scandal when many authors still maintain that all human
expression is culturally determined.

A strong support for human ethology has come from the unexpected
area of linguistic studies; Noam Chomsky and his school have demon-
strated that the structure of logical thought—which is identical to that of
syntactic language—is anchored in a genetic program. The child does
not learn to talk; the child learns only the vocabulary of the particular
language of the cultural tradition into which it happens to be born.

A surprising and important extension of ethological research was the
application of the comparative method to the phenomena of human cul-
ture. In his 1970 book, Kultur und Verhaltensforschung, Otto Koenig dem-
onstrated that historically induced, traditional similarities on the one
hand, and, on the other hand, resemblances caused by parallel adapta-
tion—in other words, the reciprocal action between homology and anal-
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ogy—are interacting in the development of human cultures in much the
same manner as in the evolution of species. For an understanding of cul-
tural history, the analysis of homology and analogy is obviously of the
greatest importance.

As a later development of ethology, I should like to mention the con-
sequences of my own sallies into the field of the theory of knowledge.
When a stroke of chance shifted me onto the chair of Immanuel Kant in
Konigsberg, I was forced to come to terms with Kantian epistemology.
To anyone familiar with the facts of evolution, the question concerning
what Kant himself would have thought of the a priori must obtrude
itself. That is, if he had known about evolution, what would he have
thought about everything that is given us without previous experience,
and must, indeed, be given to us in order to make experience possible at
all? From the viewpoint of the history of science, it is by no means aston-
ishing that at least three people not only asked this very question at the
same time, but also simultaneously and independently of one another
found the same answer: Sir Karl Popper, Donald Campbell, and I myself.

In a textbook on basic ethology, I need not necessarily be concerned
about theory of knowledge, but I think it advisable to attach to the
English version of this book an appendix containing a few words about
the nature of man and about the nature of man’s cognitive functions as
they appeared to me on the basis of my critique of Kantian epistemology.
This critique seemed controversial during the long-gone days of my pro-
fessorship at Koénigsberg University. Since ethology has—and especially
I myself have—so very often been accused of underestimating the dif-
ferences between man and all other living creatures, I feel justified in
mentioning, as one of the latest steps in the development of our branch
of science, the full recognition of just how different man is from all other
animals. Therefore, a short concluding chapter dealing with the unique-
ness of man will be appended to the last part of the English version of
this book.



Part One
Methodology



Chapter I
Thinking in Biological Terms

1. The Differences Between the Goals of Physical and
Biological Research

In physics the search is for the most general laws governing all matter
and all energy. In biology the attempt is to understand living systems as
they are. Since the time of Galileo, physics has proceeded by using the
method of the generalizing reduction. A physicist always considers the
individual system he happens to be examining at the moment—it could
be a planetary system, a pendulum or a falling stone—as a special case
within a superordinated class of systems. In the examples cited, this is a
system comprising mass within a gravitational field. Then the physicist
proceeds to find the lawfulnesses prevailing in one of the special sys-
tems, such as the Keplerian laws and the laws governing pendulums,
and tries to relate these to the more general laws of the superordinated
class of systems; in our example, to the Newtonian laws. For this purpose
he must, naturally, investigate the structures of the special systems.
Among other things, he must consider the mechanics of the pendulum—
the axis, the length of the pendulum rod, the weight of the pendulum.
But, for the physicist, understanding the structures and functions of spe-
cial systems is only a means, only an interim goal on the way toward an
abstraction of more general laws. As soon as this abstraction is achieved,
the attributes of the special systems are no longer of any interest at all.
The individual characteristics of the solar system through which Newton
discovered the laws of gravitation are completely irrelevant to the valid-
ity of those laws. He would have arrived at an abstraction of the same
laws had he contemplated a completely different solar system, a system
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of celestial bodies having different dimensions, intervals, and
revolutions.

Without exception, the process of the generalizing reduction is
intended to show how the structure of the special system determines the
form in which the more general laws take effect in the system in ques-
tion. The physicist must show, in the case of a pendulum, how the falling
weight, fixed to a rod of constant length revolving upon an axis, is forced
into an orbit and, after reaching the lowest point, must move upward
again within the same orbit; that the frequency of oscillation is deter-
mined by the length of the pendulum rod and the weight of the pen-
dulum; and so on.

On the basis of their knowledge of general physical laws, theoretical
physicists can also, in principle, deduce which special lawfulnesses pre-
vail in a particular mechanism, for instance in a pendulum. However, in
the history of physics just as in the history of science as a whole, it was
more often than not a case of the investigator stumbling upon a real pen-
dulum before he began to think about its lawfulnesses. Because of this,
as might be expected, he was also faced with conditions that did not fit
neatly into his attempts at abstraction. The rod of a real pendulum is
neither weightless nor free of inertia; the axial part is not free of friction.
Yet all these very real facts are for the physicist, at least initially, only
obstructions which he certainly must take into consideration and, in some
cases, even measure, but which do not enter into the formulation of the
law that is finally abstracted. The system a physicist examines during his
search for general laws holds, in itself, no interest for him, and even less
interesting is the system’s structure. As already stated, understanding a
system’s structure is essentially only an interim goal along his research
route. He moves, quite literally, by and beyond this as he progresses
downward and farther downward, to more general and still more gen-
eral laws, down to the conservation principles of physical law.

Investigators of living systems employ the same method, but with cer-
tain restrictions to its applicability—a theme I will return to later. But in
their pursuit of knowledge the goal is not that of the physicist: the biol-
ogist desires to learn to understand the living system, even if it is only
a partial system, in itself and for its own sake. All living systems interest
him equally regardless of their levels of integration, their simplicity or
their complexity. Just as in the analysis performed by the physicist, the
biologist also proceeds from the “top” toward the “bottom,” from the
more particular to the more general. We biologists are also convinced
that one single set of more general and more special laws, in itself devoid
of contradiction, is ruling the universe. Of these laws the more special-
ized ones can, in principle, be reduced to the more general ones provided
one knows the structure of the matter in which they prevail as well as
the historical genesis of these structures.

That this second requirement very often fixes limitations for our
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attempts at reduction is something we will discuss further on. This not-
withstanding, our endeavors to understand living matter would be
meaningless if we did not proceed from one basic assumption: Were we
ever to achieve the utopian goal of completely understanding all life pro-
cesses, including those transpiring within our own brain—as far as they
are accessible to objective physiological research—we should be able to
explain them in terms of the most general laws of physics, provided, of
course, that we also possess complete insight into the colossally complex
organic structures that prescribe the various and unique forms in which
these laws take effect. As investigators of behavior, we hope in the end
to trace the phenomena which we study back to physical and chemical
processes such as those that take place at the synapses, among the elec-
trically charged cell membranes, and in the conduction of excitation. We,
too, are “reductionists,” although we forget neither that organic life has
a history nor that the body-mind problem is insolvable.

Biologists would be interested in the structures of living things, and
for their own sakes, even if physiology were not so inextricably inter-
meshed with pathology. Whoever in day to day work must constantly
cope with living systems, whether a farmer, a zoo director, a physiologist
or a physician, cannot help but be involved with disturbances in the func-
tions of living systems. One repeatedly comes up against the indissoluble
connection between physiology and pathology for, in order to be able to
correct a malfunction, one first must understand the normal function
and, inversely, it is almost always a malfunction which leads to an under-
standing of the normal function. The chances of success are negligible if
a therapeutic intervention is not guided by insight into the normal func-
tion of the system and into the nature of the disturbance. This is just as
true when the carburetor of an automobile is clogged as when it is a case
of human illness.

2. The Limits of Reduction

In his significant paper on the role of theory in science, “Scientific
Reduction and the Essential Incompleteness of All Science,” (1974) Karl
Popper discusses the successful and unsuccessful attempts at reduction
undertaken within various branches of science, and he demonstrates that
even the most successful of these to date, the reduction of chemistry to
atomic physical processes, has a remainder, a residue that is impervious
to further reduction. Popper writes:

In the course of this discussion, I will defend three theses. First I will suggest
that scientists have to be reductionists in the sense that nothing is as great
a success in science as a successful reduction (such as Newton’s reduction—
or rather explanation—of Kepler’s and Galileo’s laws to his theory of grav-
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ity). A successful reduction is, perhaps, the most successful form conceivable
of all scientific explanations, since it achieves what Meyerson (1908, 1930)
stressed: an identification of the unknown with the known. Let me mention
however that by contrast with a reduction, an explanation with the help of
a new theory explains the known—the known problem—by something
unknown: a new conjecture.

Secondly, I will suggest that scientists, whatever their philosophical atti-
tude towards holism, have to welcome reductionism as a method: they have
to be either naive or else more or less critical reductionists; indeed, some-
what desperate critical reductionists, I shall argue, because hardly any major
reduction in science has ever been completely successful: there is almost
always an unresolved residue left by even the most successful attempts at
reduction.

Thirdly, I shall contend that there do not seem to be any good arguments
in favour of philosophical reductionism, while, on the contrary, there are
good arguments against essentialism, with which philosophical reduction-
ism seems to be closely allied. But I shall also suggest that we should, never-
theless, on methodological grounds, continue to attempt reductions. The
reason is that we can learn an immense amount even from unsuccessful or
incomplete attempts at reduction, and that problems left open in this way
belong to the most valuable intellectual possessions of science: I suggest that
a greater emphasis upon what are often regarded as our scientific failures
(or, in other words, upon the great open problems of science) can do us a lot
of good.

Then Popper cites a series of examples which illustrate how becoming
bogged down during attempts at reduction has led to the discovery of
previously unrecognized problems. According to Popper, this was
already evident in mathematics and the attempt at “arithmetization;”
that is, the reduction of geometry and the irrational numbers to rational
sums did not lead to complete success. Popper states:

But the number of unexpected problems and the amount of unexpected
knowledge brought about by this failure are overwhelming. This, I shall
contend, may be generalized: even where we do not succeed as reduction-
ists, the number of interesting and unexpected results we may acquire on
the way to our failure can be of the greatest value.

Another example of the same principle and especially important for
our purposes is afforded by the attempt to reduce chemistry to quantum
physics. Even if one chose to assume that it could be possible to reduce
the nature of the chemical bond to principles of quantum physics—
something which has not yet been achieved—and even if, for the sake
of argument, one chose to assume that one had in hand thoroughly sat-
isfactory theories of nuclear forces, of the periodic system of elements
and their isotopes, etc., the attempt to reduce chemical processes to quan-
tum mechanics would still be stopped by a barrier, by an idea funda-
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mentally foreign to the way a physicist thinks and to the body of phys-
ical theory: the historical concept of becoming, of genesis. Bohr's new
theory of the periodic system of elements assumes that the heavier nuclei
have been formed out of lighter ones, in other words, they came into
being through a prior historical process in which, in thinly scattered and
exceedingly uncommon cases, hydrogen nuclei fused into heavier
nuclei—something that can occur only under conditions which, appar-
ently, are very rarely encountered in the cosmos. Physicists have strong
indices in favor of the view that this really happened and still happens.
Beginning with helium, all the heavier elements are the result of cos-
mological evolution. “Thus,” says Popper, “from the point of view of
method, our attempted reductions have led to tremendous successes,
even though it can be said that the attempted reductions have, as such,
usually failed.”

3. Ontological Reductionism

The assumption on which all science is based, that everything existing
came into being through combinations of material elements in the course
of a great cosmic creation and, even to this day, is still governed by those
same laws which prevail in these elements, can easily lead to a philo-
sophical error that is dangerous because it tends to discredit all natural
science in the eyes of sensible, thinking people. This error arises, as do
so many others, through the neglect of the structures within which the
omnipresent laws of physics operate in the form of highly complex spe-
cial laws. These, however, have every right to be designated as natural
laws and as having the same dignity as the first law of physics or the
laws of conservation.

The consequence of this error is the expression, everything that is com-
posed of matter is “nothing else but” this matter. Although this “nothing
else but” has been shown to be erroneous at even the most basal physical
levels, great scientific innovators have continued to cling to it with
remarkable tenacity. Popper (1974) presents the example of Eddington
who, for a long time, continued to believe that with the advent of quan-
tum mechanics the electromagnetic theory of matter had been finally set-
tled and that all matter consisted of electrons and protons—at a time
when the meson had already been discovered.

Ontological reductionism becomes really dangerous when applied to
the subject of living organisms. If, for example, we say: “All life processes
are chemical and physical processes,” anyone accustomed to thinking in
scientific terms would not question the correctness of the statement. But
if we say: “All life processes are essentially only chemical and physical
processes,” every biologist would protest, since it is with regard to just
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this, to what they essentially are, that life processes are different from all
others: they are not just chemical-physical processes. The failure of
ontological reduction becomes even more conspicuous when we com-
pare two other statements: “Humans are beings of the class of mammals
and the order of primates,” and “Human beings are essentially nothing
else but mammals of the order of primates.”

The “nothing else but” of ontological reductionism, for which Julian
Huxley coined the term “nothingelsebuttery,”* aptly describes a blind-
ness to two most essential realities: first, to the complexity of organic
structures and the various levels of their integration, and second, to those
sensibilities of value which every normal human being extends toward
the lower and higher achievements of organic genesis.

During evolution, new systemic properties often arise through the
integration of subsystems which, up to that moment, had been function-
ing independently of one another. A simple electrical model (Figure 1)
taken from a book written by Bernhard Hassenstein (1966) can illustrate
how, through such an integration, completely new systemic properties
can be generated instantaneously, properties which did not exist before
and, most important, also gave no prior indication of existence. Herein lies
the truth of the mystical-sounding but nonetheless completely accurate
statement made by Gestalt psychologists: “The whole is more than the
sum of its parts.” Through cybernetics and system theory the sudden
emergence of new systemic characteristics and functions has been
accounted for by means of a purely physical approach and those who
have done the research and written the descriptions have thus been
freed from any suspicion of a vitalistic belief in the miraculous.

Philosophers not familiar with this characteristic process of evolution
tend to believe that all evolutionary changes are accomplished in slow,
gradual transitions. As a result of this belief there are frequent ontolog-
ical disputes about whether, for the organism in question, the difference
between two evolutionary stages is one of degree or one of essence.
Understandably, this dispute rages most vehemently about that evolu-
tionary stage where the step from animal to human being was taken.
Mortimer J. Adler has dedicated an entire book, The Difference of Man and
the Difference It Makes (1967), to a discussion of this question. In reality,
almost every larger evolutionary step signifies the emergence of a dif-
ferentiation of essence since it consists in the appearance of something
that had never existed before. This is also true, in principle, even for the
differentiation in Hassenstein’s inorganic systems which were brought
in as illustration.

* 1 was introduced to this term by my friend, Donald Mackay, but my much older
friend, Sir Julian Huxley, was able to demonstrate a priority for this beautiful expression.



3. Ontological Reductionism 21

Vol — -_——
eo—[ =L_€_-T V= Vol —e )
v
Le L1
(a) Lo L

vp 2R 2
1\\ V=V0(‘|—L—w92L -sinwt)
N

Figure 1. Three electric circuits, among them an oscillating circuit (c¢), illustrate
the concept of “systemic property.” A current is passed between the poles of a
battery with electromotive strength ¢, and with the potential tension or terminal
voltage V,. The resistance of the circuit, in ohms, is concentrated in R. Circuit (a)
has a condenser with capacity C; circuit (b) has a coil with inductance L; circuit
(c) has both condenser and coil together. The voltage V can be measured at the
two terminals. The diagrams at the right represent the changes in voltage after
the circuit is closed. In circuit () the condenser gradually charges through the
resistance until voltage V, is reached. In circuit (b) the current, initially impeded
by the self-induction of the coil, increases until it reaches the strength laid down
by Ohm’s law; the voltage V is then theoretically zero because the total resistance
is concentrated in R. In circuit (c), closing the circuit causes diminishing oscilla-
tions. It is apparent that the systemic properties of (c) are not the result of super-
imposing the properties characteristic of () and (b) although (¢) can be thought
of as having arisen through a combination of () and (b). The diagram is valid, for
example, for the following values: C = 07 X 10 F;L = 2 X 107 Hy;R = 10°
w; A = 1.2 X 107° sec. This last value also defines the time axis, which is the same
for all three curves. Calculations by E. U. von Weizsicker. (Hassenstein, B.: Kyber-
netik und biologische Forschung. Handb. der Biologie I. Frankfurt: Athenaion, 1966.)
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4. The Evolutionary Event as a Limitation of Reduction

As we have seen, the insurmountable obstacle of the historical event has
impeded the endeavors to reduce all of chemistry to quantum physics. In
order to push reduction beyond the existence of the heavy nuclei, that
is, in order to explain why these are thus and not otherwise, one would
need insight into the process of cosmogeny which produced them. Only
rarely does the physicist run up against this limitation; the biologist does
it each step of the way.

Literally every characteristic detail of form and function of every liv-
ing organism is determined by the succession of evolutionary events
which engendered that organism. This historical progression is, in turn,
determined by an astronomical number of causal chains which converge
into its channel so that, in principle, it is impossible to trace any of them
back for more than a very short way. As I show in the next chapter, the
route evolution has taken can be reconstructed to a modest extent, but
not the causes which determined that route. In his attempts at reduction
and explanation, the biologist must reconcile himself to a very large res-
idue that cannot be rationalized historically. He can explain the func-
tions he observes in his object of study only through its structures. This
forces him to focus his attention on those structures, not for themselves
alone but also for the sake of their functions.

The biologist who attempts to reduce what is there to lawfulnesses
already known, or to explain what exists through new hypotheses, is
confronted with two tasks which, although they overlap and merge, can
still be clearly differentiated. The first task is an analysis of the form and
function of the living system as it is at this moment in evolutionary time;
the second task is to make understandable how this system got to be that
way and no other. The duality of this problem can best be illustrated by
using a man-made machine as an example. If a combat airplane built by
the Russians were to fall into the hands of the Japanese, they would take
it apart, they would analyze it in a literal sense, and most likely this anal-
ysis would succeed to such an extent (still utopian for living systems)
that they would be capable of complete resynthesis, that is, they would
be capable of constructing a replica of the airplane. But they would also
certainly find quite a few details of construction that were ingeniously
thought out and which would cause them to wonder how in all the
world the designer had hit upon this original solution. The prerequisite
for finding an answer to the question why the foreign designer had
devised a particular part in such a way and not in another would be, to
begin with, not only an immense amount of information about the his-
tory of Russian aircraft construction, but, over and above this, also about
the thought processes, the brain and nerve physiology of the designer,
and so on and so forth back into the entire phylogeny of Homo sapiens.
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That the two tasks can also be undertaken separately for the exami-
nation of a living system is confirmed by the fact that analysis of living
systems as they are at the moment was considerably far advanced before
questions concerned with how they had gotten that way were ever
asked. Harvey had clearly comprehended the function of the circulatory
system and had consequentially postulated the existence of capillaries,
which one could not even see at the time. An entire series of discoveries,
made independently of any historical consideration of organic genesis,
is a part of the past of the science of medicine.

For a long time, long before the main causes of all adaptation (genetic
change and natural selection) had been discovered, those who worked
with living systems had been aware that their constructions were con-
stituted, in general and in more special and improbable ways, to sustain
the life of the individual, its progeny, and, consequently, its species.
Those who believed in a singular act of creation explained this species-
preserving purposefulness either through the wisdom of the creator or,
as Jakob von Uexkiill (1909), who rejected evolutionary ideas, through a
prestabilized harmony between the organism and its environment.
Those who can be content with these explanations are spared the asking
of many difficult questions but, it must be remembered, at the price of
having to close their eyes to certain phenomena—and these are the
many characteristics extant in the construction of living organisms that
are inexpedient for survival.

5. The Question “What For?”

At this point, the historical barrier of reduction forces the researcher to
ask a question with which, up to this point in his attempts at reduction
and explanation, he has not been confronted: he is forced to ask about
purpose. Processes which are determined by an end or a goal exist in the
cosmos exclusively in the realm of organisms. According to Nicolai Hart-
mann (1966), a goal-directed action can only be understood on the basis
of insight into the interaction between three processes: First, a goal must
be set and in this setting something that will happen in the future must
be anticipated by “skipping” spaces in time. Second, the choice of means,
dictated by the set goal, must be made. Third, the realization of the set
goal, through the causal sequential unfolding of the chosen means, is
achieved. These three acts form a functional unit and are performed at
various levels of integration within the realm of the organic (Figure 2).
Nicolai Hartmann believed that the actor and the goal setter could
never be anything but a consciousness for, as he said, “ ... only a con-
sciousness has maneuverability within conceptual time, can leap beyond
sequential time, can predetermine, anticipate, choose means, and retro-
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Figure 2. Hartmann'’s conceptualization of the processes underlying goal-directed
action. (Hartmann, N.: Teleologisches Denken. Berlin: Walter de Gruyter, 1964.)

spectively go back in thought over the skipped spaces through to the
first one at the beginning.” Since Hartmann wrote this statement,
research into the biochemistry of morphogenesis and also into that of
appetitive behavior in animals (Two/I/10) has revealed processes in
which the three acts required by Hartmann are performed in distinct
interaction and yet in sequences that are certainly not dependent on or
associated with consciousness.

If the preexistent “blueprint” in the genome anticipates the construc-
tion of a new organism as a goal, and if, subsequently, this goal is
attained through a quite variable and adaptive choice of those means
proffered by the milieu and within a strictly causal sequence of devel-
opmental steps, this then conforms to the combined functions of the
three acts postulated by Hartmann. The same is true for the admittedly
somewhat more complicated processes of appetitive behavior through
which an animal achieves a goal meaningful for species preservation,
which are also programmed in the genome. Although these processes of
embryogenesis and those of behavior are certainly not governed by an
anticipatory individual consciousness, but are enacted at a very much
lower level of organic occurrence, they must still be regarded as com-
pletely purpose-oriented or “determined by their ends or goals.”

The processes of phylogeny, which generate the “blueprints” under
dicussion, accomplish truly marvelous things, yet they lack completely
the infallibility of an all-knowing, purpose-setting creator as well as the
constancy of a prestabilized harmony. All along the way, the compara-
tive phylogeneticist meets “errors” of evolution, faulty constructions of
such shortsightedness that one would not credit them to any human
engineer. Gustav Kramer cited many examples of this phenomenon in
his publication on the inexpedient in nature (1949). Just one of these
examples will suffice here. During the transition from aquatic life to ter-
restrial life the swim bladder of the fish became an organ for breathing.
In the circulatory system of fish, and already evident even among the
jawless cyclostomes (Cyclostomata), the heart and gills are coupled in
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tandem, that is, all the blood pumped from the heart must, of necessity,
pass through the gills, and from there the richly oxygenated blood is
circulated throughout the body. Because the swim bladder is an organ
serviced within the body’s system, and has remained so even after
becoming an organ of respiration, the blood emerging from it flows
directly back into the heart. Hence the heart is the recipient of oxygen-
poor blood from the body and oxygen-rich blood from the lungs and a
mixture of these is what is continually being recirculated. Although from
a technical point of view this is a most unsatisfactory solution, it has been
maintained through many geologic eras and up to this day by all
amphibians and almost all reptiles. It may be because of this kind of con-
struction of the vascular system that none of the animals just mentioned
is as capable of sustained muscular exertions as are many sharks (Sela-
chii) and bony fishes (Teleostei), as well as all birds and mammals.

The fact that individual development, the ontogeny of every living
creature, represents a genuine goal-directed process, the realization of a
preexistent plan, must not lead to the altogether erroneous conclusion
that the same is true for evolution. This error, unfortunately, is suggested
by the very words “development” and “evolution.”

Evolution is emphatically not purpose-oriented in that it is absolutely
unable to foresee what might be expedient in the future. Evolution is
incapable of accepting even the smallest disadvantage for the sake of a
future advantage. In other words, evolution can exploit only those fac-
tors which tender an immediate “selective advantage,” somewhat in the
same manner that even the most farsighted and benevolent politician is
confined to the exploitation of those issues and measures which are
capable of providing him with an immediate “electoral advantage.”

Thanks to some very old discoveries made by Charles Darwin, we
know which processes of mutation and natural selection provided organ-
isms with sufficient purposefulness (in the sense of species preservation)
and, thanks to some new knowledge gained through molecular genetics,
we now know fairly precisely how the information underlying all adap-
tation is coded in the “blueprint” of the genome. Manfred Eigen has con-
vincingly demonsrated that selection, the natural choice of the most suit-
able, is operative even at the molecular level and that it played a decisive
role in the origin of life. But the stuff on which selection gets to work is
always only the purely happenstance alteration or new combination of
heritable characteristics. It is technically correct to say that evolution pro-
ceeds only according to the principles of blind chance and through the
elimination of what is incapable of sustained existence, and yet this way
of expressing it is misleading. The fact, indisputable in itself, that the
few billion years of existence reckoned for our planet by radiation
researchers should have, in this way and by these means, sufficed for the
evolvement of man from pre-life forms similar to the most simple blue-
green algae (Cyanophyta), seems incredible to those not conversant with
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all that is involved. The wildness of chance is, in these circumstances,
“tamed” —as Manfred Eigen (1975) expresses it—by the benefit it brings
on very rare occasions. The likelihood of a mutation which improves the
organism’s chances of survival is extremely small; in fact, the probability
is assessed by great geneticists as amounting to 107%. The improbability
of such a happy event is compensated by the correspondingly great
increase of the probability of survival that is enjoyed by the “lucky
winner.”

If the genetic equipment of an individual increases his chances of sur-
vival relative to those of his conspecifics, this is then so only for that
unique constellation of environmental factors with which this creature
must actually contend. For a different kind of environment, the newly
acquired genetic equipment could very well be inexpedient. If, in the
course of time, the environment of an animal species changes (climatic
changes, for example, or new conditions concerning food sources, or an
increase in the number of predators), then the average genetic equip-
ment transmitted by individuals of the species is usually no longer opti-
mally adapted. Selection, consequently, supports some of the genetic var-
iations available in stock and suppresses others, so that after a
corresponding period of time, a new set of genetic equipment better
adapted to the incursive conditions is achieved. One can describe this
process with the help of communication concepts and by means of the
following formulation: Through the process of selection, new data con-
cerning the conditions of the external environment reach the genome
and are henceforth stored there as “instructions” (Eigen 1975). With
regard to this acquisition of environmental information, the process of
evolution resembles the cognitive process of the acquisition of knowl-
edge. This knowledge, however, like invested capital, pays such high
“dividends” that it compensates for the rareness of advantageous genetic
change.

To quote Eigen once again: “Life is a game in which nothing is stipu-
lated but the rules.” The family tree of all living things is a typical exam-
ple of what game theorists call a “tree of decisions.” Eigen chose an aerial
photograph of the Colorado River delta (Figure 3) as an actual example
representing such a tree: billions of unknowable causal influences deter-
mine which course every single rivulet and channel has taken.

If one knows a little bit about the rules of the game being followed in
the growth of the family tree of life, one is no longer astonished to find
in the structures of living organisms not only the constructive solutions
suggesting genius but also those that could be appreciably improved by
any human engineer. No plumber, for example, would lay the pipes and
tubes for the blood vessel system of a lizard so impractically as evolution
has done it. The principles of mutation and selection make it understand-
able that in the realm of the organic we meet not only characteristics of
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Figure 3. The Colorado River delta at the Gulf of California. (Eigen, M., Winkler,
R.: Das Spiel. Miinchen: Piper, 1975. Courtesy of the Aero Service Corporation,
Philadelphia, Pennsylvania, U.S.A.)
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structure and function which are practical but also those which are not
so impractical that they lead to the elimination of the bearers.

One other important characteristic of all living organisms, readily
understandable through some knowledge of the ground rules of the evo-
lutionary game, is the extreme “conservatism” of their structures. But
through a change in an organism’s way of life, especially when adapta-
tions are required to a new environmental niche, old structural features
can become meaningless. As long as their presence does not directly
threaten the continued existence of the species in question, they can be
lugged along almost indefinitely, and this happens if their retention does
not result in a loss of too many individuals of the species. Before the
development of modern surgery, for example, thousands of humans per-
ished every year from peritonitis because an organ which had become
funtionless, the vermiform appendix, a narrow blind tube extending
from the caecum, tended to become inflamed.

In many cases, structures which have become functionless are con-
verted to serve other useful functions, simply because they are there.
From a gill cleft, the spiracle (Spiraculum) of sharks and primitive fishes,
comes the ear of higher vertebrates; from the first gill arch, the hyoid
bone with its two pairs of branches; and so on.

Thus the over-all construction of an organism is never comparable to
a human edifice that has been designed in a unique process of planning
by farsighted architects and engineers. An organism’s structure is much
more like the do-it-yourself house of a homesteader who first puts
together a simple log cabin as protection against the wind and rain and
then, as the extent of his holdings and the number of people in his fam-
ily increases, periodically enlarges his dwelling. The original cabin is not
torn down; instead, it is used as a storeroom, and almost every room of
the expanding house will, in the course of the structure’s development,
be used for some purpose other than that for which it was originally
intended. The older parts of the house, recognizable for what they are,
are retained because the evolving structure could never be entirely dis-
mantled and newly planned; this is not possible because every part has
been continuously occupied and intensively used.

In an analogous way, characteristic structural details that are retentions
of “yesterday’s adaptations” can be found in every organism. Their exis-
tence is a stroke of really good luck for the researcher who wants not
only to learn the game rules of evolution but who also wants to know
the path along which evolution actually has proceeded.

All of the preceding paragraphs have been written with the intention
of explaining to those who are not biologists what is meant when a
biologist asks the question, foreign to physicists, “What for?” If we ask
“What does a cat have sharply pointed, curved and retractile claws for?”
and answer straightaway “To catch mice,” this question and answer do
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not signify in any way an acknowledgment of an inherent purposive
orientation of the universe and of organic evolution. It is, rather, an
abridgment of the question, “Which is the particular function whose sur-
vival value has bred cats (Felidae) with this form of claw?” Colin Pitten-
drigh (1958) has designated this way of regarding species-preserving
purposefulness as teleonomy in order to draw as sharp a distinction
between it and a mystical teleology as exists today between astronomy
and astrology.

In the structural plan of an animal—more than in that of a plant—
hardly any characteristic exists that is not in some way influenced by
selection and is, in this sense, thus, teleonomic. If I were to search for
examples of purely happenstance characteristics and characteristic diver-
sifications, it would be difficult to cite any occurring among wild animals.
Certainly it is teleonomically irrelevant if a barnyard chicken of no rec-
ognizable breed is white and another brown or mottled. Among wild
animals, the African hunting dog (Lycaon pictus L.) is one of the few
examples of a species whose individuals exhibit variable dappled pat-
terns though in fairly uniform colors. But even here, in the highly vari-
able color patterns of these wild animals, the question arises if this var-
iability, as such, could not also be teleonomic and thereby the result of
selection. It is certainly possible that, among these extraordinarily social
predators, if individual animals are able to recognize one another even
at great distances, this capability can have value for the preservation of
the species. The balanced dimorphism of male ruffs (Philomachus pugnax
L.) can, with assurance, be explained in this way.

When dealing with such superficial physical characteristics it is partic-
ularly difficult to find any which demonstrably have nothing to do with
teleonomy. Within complex configurations of various characteristics
there are probably none for which patient research could not currently
accumulate factual confirmation that its explicit function was selected in
just this way because of its species-preserving value. The more complex
and generally more improbable such a combination of characteristics is,
with that much more certainty can one conclude from these a relation-
ship between function and selection, and that much more easily answer
the question, “What for?”

In a paradoxical way, characteristics which apparently disturb a partic-
ular function generally important for survival are exactly those which
provide us with the most certain answers to the question, “What for?”
Citing only one example, the fish Heniochus varius, classified among the
Chaetodontids, has two horns just above its eyes and above these, on its
nape, another thick, rounded horn; between them there is a deep saddle-
like indentation (Figure 4). These structural characteristics are obviously
cumbersome, certainly not streamlined and, for slipping through narrow
passages—an activity that belongs to the daily routine of this coral-reef
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Figure 4. Heniochus varius Cuvier. The horns above the eyes and the hump on the
upper back serve in ritual fighting; this fighting certainly developed from the
damaging fighting of the related Chaetodontids who spear their rivals with the
spines of the anterior dorsal fins.

fish, most disturbingly in the way. The argument that these disadvan-
tages must somehow “pay off” through some kind of selective value is
compelling. In fact, when I first got one of these fish, I predicted the
function of this saddle that is bordered above and below by horns: The
species would engage in ritual fighting during which opponents, when
confronting one another, would lie aslant, both leaning either to the
right or to the left so that the saddles fitted into one another, and then
the combatants would shove against one another with all their strength.
Our first “What for?” is, thus, satisfactorily answered with the reply, “For
ritual fighting.” What ritual fighting should have a selection premium
for in a species of fish that normally swims around in large schools is
another question, and the answer to this question I hope to reach
through further observation. The prediction is that it is bred by intraspe-
cific selection.

Adaptations like the ones just cited, those which serve exclusively for
combat with conspecifics, are by no means always conducive to species
preservation. The teleonomic query, “What for?” does, in fact, get a clear
answer since the value for selection that the behavior or structure in
question has developed for the genome of the individual is easy to dem-
onstrate. But whether the connection in question is advantageous for the
preservation of the species as a whole is not at all certain. Quite the con-
trary, “intraspecific competition” among rival conspecifics can easily lead
to an escalation of extremes in forms and functions, extremes which are
not conducive to the continuation of that species. Those specialized wing
primaries of the Argus pheasant (Argusianus argus) enhancing the effect
of some particular courting movements are no longer much good for
flying. Yet the larger they are, the greater are the chances for the cock
possessing them to foster numerous offspring —but, at the same time, the
greater are his chances of being eaten by ground predators. As always,
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life’s forms and their functions are a compromise between several kinds
of selection pressure.

Understandably, the selection pressure exerted by one individual of a
species on other individuals of the same species does not provide any
information about which interactions with its environment are advan-
tageous or disadvantageous for that species. When deer (Cervidae) “take
a fancy to” a particular kind of ritual fighting whose outcome depends
on the size of the antlers growing out of the foreheads of the males, and
when, in addition to this—as Bubenik (1968) has shown for the red deer
(Cervus elaphus)—females actively choose partners according to the size
of these antlers, there is nothing to hinder the bulk of these osseous trees
(which must, moreover, be grown anew each year) from increasing to
the limits of what can be carried.

Among some mammals living in social groups, intraspecific selection
impels the appearance of phenomena that one could regard almost as
deformities; but these incorporate the same principle as that of the deer
antler. Among some Asiatic monkeys (Semnopithecinae), each male com-
mands a large harem of females. Each change of such a commander is
accompanied by general infanticide within the harem. Because females
deprived of their offspring come into estrus earlier than those allowed to
rear their young, the new tyrant has a much greater opportunity for
transmitting his genome. “The egoistical gene”” has become the popular
phrase to use when referring to this remarkable phenomenon. It is not
at all easy to decide to what extent such “egoism” can be carried before
it harms the entire species and, finally, the gene itself as well.

With this the difficult problem of kin selection is broached. It does not
matter which example of pronounced “altruistic” behavior one chooses
to use, be it food regurgitation among African hunting dogs (Lycaon pic-
tus L.) or mutual defense of comrades among jackdaws (Coloeus monedula);
when one asks oneself why a mutation excluding this altruistic behav-
ior—an excluding mutation that must certainly occur from time to time
and, when it does, must obviously be selectively advantageous for that
individual—is not at once and prolifically further selected for, one finds
no answer. Questions concerning those factors which prevent a massive
emergence of social parasites among animal societies remain to be
answered adequately. It is nothing short of astonishing that, among com-
munal vertebrates, social parasitism is as good as unknown and infanti-
cide, to date, known to occur only among a few species. Among higher
and longer-lived Metazoa, at the level of entireties of cellular organisms,
there is a highly complicated system of antibody formation that exists so
that asocial elements can be eliminated whenever this becomes neces-
sary. At the level of human culture, no single ethnic group is known
which does not have comparable, complex systems of laws and tabus for
the suppression of every kind of antisocial behavior. Among animal
societies, which can be classified at a level of integration somewhere
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between human society and the bodily entirety of Metazoa, no mecha-
nisms for the prevention of social parasitism are, as yet, known.

As can be seen, the teleonomic question, “What for?” often elicits
responses that indicate goals that are rather narrow-minded and short-
sighted; for species preservation, the results of intraspecific selection
often are decidedly detrimental.

Answers are apparently not forthcoming to the teleonomic question
where structures and even behavior patterns have changed their former
functions. “Yesterday’s adaptations” are to be found everywhere in mor-
phology and in behavioral science. Structures which have become mean-
ingless are seldom simply disassembled; instead, they are almost always
put to use serving a function other than that for which they were ini-
tially intended: a gill aperture becomes an auditory canal; an organ
which served for the collection of nutriment becomes an endocrine
gland.

6. Teleological and Causal Views of Nature

Among the two great schools of the behavioral sciences, only those sci-
entists identified with the school of purposive psychology —out-and-out
teleologically and in no way teleonomically oriented, and represented
by distinguished researchers such as William MacDougall (1923), Eduard
C. Tolman (1932) and others—concentrated their entire research interest
on the question, “What for?” In other words, they proceeded as if every
question would be answered and all problems would be solved by deter-
mining the goal of any animal behavior. If one has understood that
flying southward in autumn serves birds of passage as a species-preserv-
ing end or goal, then, in the opinion of the teleologically oriented animal
psychologist, Bierens de Haan (1940), all the problems of bird migration
are solved in a “satisfactory and elegant” way. An enormous amount of
one-sided thinking is required in order to be able to regard only the
question of ends and goals as fundamental and to neglect completely
questions of cause.

There are cases in which the function of a particular morphological
structure becomes apparent even after superficial observation. One
thinks, in this context, of the patterns of vivid color that play a role for
so many releasing mechanisms. The white collar of the drake mallard has
been shown to act as a signal during courtship. What constitutes this col-
lar is a differential color distribution among the neck feathers involved.
These look as if the white had been applied with a paint brush over the
already completely formed and finished feathers. At the top of the collar,
near the head, the white begins as a border along the lower edges of the
green feathers. Farther down and back, the white border gradually
becomes broader until the feathers are completely white from the base
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to the tip. At the bottom or back of the white collar, the brown color of
the lower neck feathers begins to appear; the otherwise white feathers
have borders of brown and these borders broaden until the feathers are
completely brown. It is very easy to recognize that the white collar which
separates the green of the head from the brown of the lower neck is
“intended” to appear sharply delineated. In contrast to this easy recog-
nition, a reduction of this “artistic” structure to its physiological and
genetic causes is very difficult to achieve. One must realize how complex
the morphogenetic processes producing such a structure must be, and
then, even more difficult, one must try to imagine what the phylogenetic
processes may be that lead to the blueprint of this morphogenesis. “Cases
such as these,” Otto Koehler (1933) has said, “which at first afford an
understanding only of goal-directedness, can easily seduce [emphasis
mine] the research worker into making hasty Lamarckian interpreta-
tions; these cases are actually there to be regarded as challenges for causal
analysis.”

Understandably, these “challenges” do not exist for the biologists and
behavioral scientists who think in vitalistic and teleological terms. For
them the acceptance of extranatural factors makes it possible, with no
ado at all, to answer every “What for?” question with a spurious
“Because.” The most unfortunate consequence of this methodological
and conceptual attitude was its effect on the opposing school: the pur-
posivists’ misuse of goals and ends for what pretended to be an expla-
nation aroused in the behaviorists an emotional opposition to all consid-
erations of purpose, so that they developed a “blind spot” for the concept
of species-preserving purposefulness as well. It is now part of history
that those of the behaviorist school of psychology, motivated by their
antagonism to teleological purposive psychology, dismissed all consid-
erations of species-preserving teleonomy—a classic example of how,
because of antagonism among members of two schools of thought, a
rejection of knowledge can be occasioned.

When engaged in research on a complex living system, it is obvious
that questions concerning ends and goals as well as questions concerning
causality must be asked simultaneously. I would like to illustrate this by
means of a parable about a man and a man-made system. The man is
traveling overland in his automobile; the purpose of his journey is a lec-
ture which he is scheduled to deliver in a distant city. The man is under-
way “for lecturing”; his automobile, a means serving the same end, is
there “for traveling.” The man takes delight in contemplating this won-
derfully graduated and integrated complex entirety of interacting ends
and goals. Perhaps, at just this moment, he is admiring the phrase, “vitale
Phantasie,” which F. J. J. Buytendijk (1940) used to describe and explain
the purposefulness of body structure and behavior, something which the
automobile manufacturer has apparently confirmed in the design and
planning of this purposeful vehicle. Then something happens that hap-
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pens often; the automobile motor coughs, splutters, and stops. All at once
the driver is most impressively presented with the fact that the goal of
his journey is not what makes the automobile move. As I choose to
express it, goal-directedness does not “exert pull” in the direction
desired. Now it would behoove the man in the automobile to forget, for
the time being, the aim of his journey and to devote his attention to the
causality of the normal function of the motor as well as its momentary
malfunction. On the success of his causal investigations will depend the
possibility of further pursuing the goal of his journey.

The “goal-directedness” of every systemic whole is not one mite less
dependent on the causality of its organs than is the goal-directedness of
the traveling lecturer in our parable on the functioning of his automobile
motor. With regard to organic systems, the regulating function of causal
research has an incomparably more difficult task to perform, not only
because these systems are much more intricately structured than the most
complicated machine, but also because, in contrast to machines, they
have not been put together by men and we have only very incomplete
insight into their origin and the history of their formation. Thus the phy-
sician who attempts to repair a malfunctioning organic system has that
much more difficult a task than the automobile mechanic. But the success
of what he does to regulate the functioning of a whole system will also
depend, basically, on his investigation of causality and will be influ-
enced just as little by the amount of “urgency” that exists for reaching
the now problematic goal.

Questions about how the malfunctioning systemic whole originally
came into being are fundamentally of no real importance in the relation-
ship referred to here between its goal-directedness and the mode and
manner of its causal comprehensibility. If an engineer constructed the
purposeful system, if a God created it, or if it came into being by means
of a natural evolution in which, besides mutation and selection, many
other processes could also have played a role—all these “ifs” are quite
irrelevant to the capacity of human comprehension of causality, to an
insight that can master such a system and, when the proper functioning
of the system is endangered, can actually restore it.

The ultimate significance of human research into causality is to be
found in the fact that this research gives us, as the most important regulat-
ing factor, the means to control natural processes. Whether these processes
are external and inorganic, such as lightning and storms, or internal and
organic, such as diseases of the body or “purely psychic” symptoms of
decline in the social patterns of human behavior is, moreover, of no con-
sequence. Never is the pursuit of an actively predetermined goal possible
without causal comprehension. On the other hand, causal analysis would
have no function if questing humanity did not pursue goals.

The endeavor “to search, as far as it is possible for us, among the
world’s causalities and to trace the chain they form as far as they are



6. Teleological and Causal Views of Nature 35

linked to one another” (Kant) is not “materialistic” in some moralistic
sense, as some teleologists choose to describe it, but signifies a potential
for the most intensive active service to the ultimate aims of all organic
processes in that we, where success is achieved, are endowed with the
power to intervene, helpfully regulating, where values are endangered,
while the purely teleological observers can only lay their hands in their
laps, deedless, mourning the disintegration of the whole.



Chapter II

The Methodology of Biology and
Particularly of Ethology

1. The Concept of a System or an Entirety

The goal of biologists is, as I have said, to make an organic system under-
standable as a whole. This does not mean that the biologist regards the
entirety of a system as some kind of miracle. It is necessary to make this
clear at the very beginning since there are some atomistic theoreticians
who regard it as a confession of vitalism if one merely utters the words
“whole” or “entirety.” The biologist does not believe in “whole-produc-
ing factors” that are neither in need of nor accessible to an explanation,
but he remains aware that the systemic character of the organism
excludes the utilization of some of the less sophisticated research meth-
ods. Above all, with regard to an organic system, one cannot track simple
and unidirectional linkages between causes and effects. In his 1933 mon-
ograph, “Die Ganzheitsbetrachtung in der modernen Biologie,” Otto
Koehler developed in detail the methods which are necessary in order to
analyze a systemic entirety. In this publication he grants the Gestalt psy-
chologists the credit they deserve for having perceived the nature of
organic entireties, although he justifiably criticizes them where neces-
sary in a way that can be summarized as follows: Every gestalt is an
entirety, but not every entirety is a gestalt; in other words, the concept
of gestalt must be reserved primarily for the processes of perception.
Koehler also appropriately emphasized the fact that impassioned cham-
pions of the principles of entirety, such as B. H. Driesch (1928), alienated
many researchers from the theory of entireties because they “dressed it
in the vestments of vitalism.” This I can readily verify; as a young natural
scientist I, too, was convinced that only atomistic component analyses
could claim to fulfill the requirements characteristic of an exact science.
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Otto Koehler (1933), together with Ludwig von Bertalanffy (1951), ren-
dered a great service by showing that an organic system requires a special
analytic methodology of its own, even if one were to undertake an anal-
ysis that was intended to be purely physical. There is, said Koehler
(1933), no “vital force,” and no “whole-producing factor”; there are,
“instead, harmonious systems of amboceptor [that is, operative in both
directions] causal chains, entangled and integrated, whose harmonious
interactions are just what constitutes the configurational entirety.”

This does not imply, by any means, that an entirety is fundamentally
inacessible through causal analysis. Koehler (1933) said:

Everyone who does research—and all of our research is primarily analysis—
is consciously ‘simplistic’, and must be so in order to maintain his own
momentum. To this extent it is understandable if just those particularly suc-
cessful men who make discoveries—Loeb was one of them—approach a set
task with grotesquely simplified initial conceptualizations. Their profes-
sional success appears to have justified them; and yet, after the work was
completed, their continued rigid adherence to the intolerable simplism of
the working hypothesis had its effect by bringing discredit, in part com-
pletely undeserved, that has endured to this day. Anyone who, before
beginning a project, delineates all the difficulties that face him, will perhaps
never hazard a beginning. But once success is there, it will then be examined
from a more distant vantage point and be incorporated within broader con-
texts; then the retention of a simplism that was initially a virtue turns itself
into a vice.

A moderately critical simplism is permissible particularly when, as will
be discussed in One/Il/10, the research concerns a “component that is
relatively independent of an entirety.”

In another passage Koehler says:

An aim of the foregoing presentation was to point out examples of the kind
of damage that can accrue for us, as biologists, in our own discipline, if we
persist in outmoded, piecemeal thinking and forget the whole; an additional
aim was to renew our conscious recognition of how extensive, to date, the
group of biologists already is who sense acutely the necessity to convert
from a purely static view to a consideration of dynamic processes and to
become aware of the systematic character of all living things [emphasis mine].
If some authors preface their confessions of faith in entireties with an apol-
ogy, this is because of a clear recognition that talking about wholes is not
enough; what really counts is the day to day work which is guided by con-
tinual cogitation that envelops, with the same energy, the particular and the
most particular aspects of the questions just now being considered, as well
as their order of proper integration within a question complex at a higher
level of abstraction.

H.]J. Jordan (1929) in his general work on the comparative physiology of
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animals, formulated the same principle using the words, “much analysis,
modest synthesis, and as objective, life as a whole.”

2. The Sequence of Cognitive Steps Dictated by the
Character of Systems

The definition of an organic entirety given by Otto Koehler states clearly
enough that, in organic systems, there is no such thing as a unidirec-
tional linkage between cause and effect, apart from certain exceptions
that will be taken up later. Thus one is guilty of a fundamental meth-
odological error if one isolates a causal relationship experimentally, or
even conceptually, and explores this in one direction only. Yet it stands
to reason, as Koehler says in the lines quoted above, that this is repeat-
edly necessary; in a physiological experiment it is not possible to proceed
in any other way than to set up some cause and to study its effect. But
while doing this, one must remain aware that one has contrived to pro-
duce an artifact.

All sorts of approaches and all methods are permitted; only the
sequence of their utilization is dictated by the recognition that an organ-
ism is a system in which everything is interrelated and interacts with
everything else. The following example of a man-made technical system
can serve to illustrate just how obligatory is the sequence of cognitive
steps under discussion: Let us assume that a resident of Mars has landed
on earth and, as the first object for investigation, has found an automo-
bile. His comprehension of this fabrication will most certainly make no
progress before he has answered the teleonomic question, that is, before
he has found out that this thing is an “organ” of locomotion for Homo
sapiens. A biologist in unfamiliar territory who comes upon a creature
that is completely new to him will also, most certainly, first seek to
understand the species-preserving “what for” of its various organs and,
therewith, the ecological relationships between the organism and its
environment. In other words, he will begin his investigation using as
broad a frame of reference as possible.

After he has become fairly well oriented to the teleonomy of the most
general ecological relationships, the researcher will turn his attention to
an inventory of the parts and attempt to understand the interrelationship
of each of them to all the others and the way they affect one another
reciprocally and, thereby, the entirety. One cannot master set research
tasks if one makes a single part the focus of interest. One must, rather,
continuously dart from one part to another—in a way that appears
extremely flighty and unscientific to some thinkers who place value on
strictly logical sequences—and one’s knowledge of each of the parts
must advance at the same pace.
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It is in the nature of our language and our logical thinking that we can
give and receive information only in linear temporal successions.
Goethe, who discerned this, said: “Doch red’ ich in die Liifte, denn das
Wort bemiiht sich nur umsonst, Gestalten schépfrisch aufzubau'n.”
(“But I only talk into the air, for the word struggles in vain to construct
forms creatively.”) In teaching, the assimilation of information has to
struggle with the same difficulties as in research. For this reason a didac-
tic example can illustrate both, and again I choose one that is mechanical
in order to elude the suspicion of endowing biological entirety with mys-
tical properties.

Imagine that you have to explain to someone who knows nothing
about the thing, the functional operation of a complex machine, for
example, an ordinary auto motor, the Ottomotor. In such a case one usu-
ally begins with a description of the structures and functions of the
crankshaft and the piston, if only because these can be depicted through
the use of graphic gestures. Then one explains how the descending pis-
ton sucks a “mixture” from the “carburetor,” using this terminology all
the while, although the listener has no clue to and cannot yet imagine
what these words mean nor what these things might be. One hopes that,
during this explanatory process, the listener is forming for himself a kind
of conceptual diagram in which he holds open some empty spaces for
“carburetor” and “mixture,” spaces that will be filled in later as the con-
cepts take on a firmer form. In principle, this is the same as the designing
of a so-called flowchart that, with its so-called “black boxes,” anticipates
functions of a mechanism which remain, for the time being,
unexplained.

The provisional sketching of the entire system is indispensable
because the learner-listener, exactly as the researcher, can understand the
single part, the “subsystem,” only when he has also understood all the
other parts. From what source, for example, the piston gets the energy
that enables it to develop a capacity for suction can first be compre-
hended by the learner after he has understood the functions of all the
other parts which provide the flywheel with kinetic energy; he must
know why and to what end the camshaft runs half so fast as the crank-
shaft and how it opens the intake valve on the intake stroke and holds
the exhaust valve shut, how it closes both valves on the compression and
explosion strokes and opens only the exhaust valve on the exhaust
stroke; he must understand how it is that the mixture is ignited at the
right moment of the compression stroke, and so forth and so on. Systemic
function can be defined quite simply in that its partial functions can be
understood all together and synchronously or not at all.

Before at least an approximation of this synchronous understanding is
achieved, it is senseless to turn one’s attention to a more meticulous anal-
ysis of a partial function. Measurements are also meaningless before
one’s knowledge has arrived at this stage. Quantification can contribute
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nothing to reaching it, no matter how important this becomes later for
verification and for the confirmation of what other cognitive capacities
brought to light.

Rupprecht Matthaei (1929), in his book Das Gestaltproblem, has com-
pared the approach of the researcher endeavoring to analyze an entirety
with that of a painter:

A cursory slapdash sketch of the whole is gradually filled in and elaborated,
whereby the painter develops, as far as this is possible, all parts of the pic-
ture simultaneously; at every stage through which it is brought, the canvas
looks as if it were finished —until the painting finally appears in its wholly
visible self-evident completeness.

Then Matthaei adds the following remarkable sentence:

Perhaps, at the end, one will say that such a step-by-step progression must
certainly have been preceded by a kind of analysis; then, though, it would
have been one that had been guided by gestalt insight!

This progression in a direction from the entirety of the system to its parts
is, in biology, obligatory.

Naturally a researcher is free to make any part of an organic entirety
the object of his investigation; it is equally legitimate and equally accu-
rate to examine the whole organic system within the context of its envi-
ronmental niche, as the ecologist does, or to concentrate interest on
molecular processes, as the biogeneticist does. But an insight into the net-
work of the system must always be present so that the specialized
researcher can be oriented with respect to where, in the total organic
structure, the subsystem he is studying has its place. Only the sequence
of the research steps is prescribed.

3. The Cognitive Capacity of Perception

Wolfgang Metzger (1953) once said: “There are people who, through the-
oretical considerations of cognition, have incurably crippled the utiliza-
tion of their senses for the purpose of natural scientific understanding,”
and meant, by this, to describe particular philosophers. Paradoxically,
however, this sentence also applies to many others, among them
extremely acute natural scientists who believe that they proceed espe-
cially “objectively” and “exactly” in that they exclude, as far as possible,
their own perceptions from their research methodology. The epistemo-
logical inconsistency of this approach is identifiable in that perception is
granted scientific legitimacy when it serves enumeration or the reading
of a calibrated instrument, but is disallowed when it serves the direct
observation of a natural process.
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Absolutely all of our knowledge about the reality surrounding us is
based on the reporting done by a wonderful and already well researched
sensorial and neural apparatus that forms perceptions from data supplied
by the sense organs. Without this apparatus, but above all without the
objectifying capacity of its constancy mechanisms, to which gestalt per-
ception also belongs, we would know nothing about the existence of
those natural units which we call objects—living beings, places, things.
The messages of this apparatus, which every normal person takes on
trust as “true,” are based on processes which, although completely inac-
cessible to introspection and rational control, are, nevertheless, through
their functions, analogous to such rational operations as the reaching of
conclusions and the making of computations. This, as is known, led
Helmholtz (1887) to equate these two kinds of processes. Egon Brunswick
(1957), one of the most successful researchers in the field of perception,
designated what Helmholtz called unconscious conclusions as ratio-
morphic functions and therewith expressed not only the strictly func-
tional analogy but also the physiological differentiation of these two
kinds of cognitive processes.

The complexity of the operations accomplished by ratiomorphic func-
tions is well-nigh unlimited, even among creatures whose rational capac-
ities are limited to the simplest thought processes. Try to imagine, for
example, the level of complications that the stereometric and mathemat-
ical “computations” must attain so that an irregularly shaped object
which revolves before one’s eyes can appear to have a form that remains
constant, that is, so that all the innumerable changes which its retinal
image undergoes in the process of turning, can be interpreted as move-
ments of the solid object in space and not as changes in its form. Yet the
perception of every higher vertebrate performs this function.

Over and above the complexity of its functions, the most striking
attribute of gestalt perception is its specific weakness—the ease with
which it can be misled to fallacious “conclusions” by a deceptive set of
data. The manifold optical illusions grant us insight into the “conduit of
computation” through which the mechanism of perception comes up
with a finding that, in as far as its “conclusions” have been based on false
premises, is as demonstrably false as it is incorrigible through rational
reflections. The so-called simultaneous contrast (see below) can serve as
an example of such a false report.

The teleonomic function of our color perception is to make objects rec-
ognizable by their inherent reflectional qualities. As Karl von Frisch
(1960) has demonstrated, the bee has evolved a completely analogous
apparatus. Bees, like humans, are not interested in ascertaining the exact
wavelengths of light. What they must be able to do is recognize a bio-
logically relevant object by means of its reflectional qualities. These are
the qualities that we say, simply, are “its” color. This recognition func-
tion is performed by an apparatus which separates, quite arbitrarily, the
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continuum of wavelengths into a discontinuum of the so-called spectral
colors, for no other reason than to shunt their signals in such a way that
the colors stand out in pairs, as so-called complementary colors, and
through these particular combined relationships, convey the color
white—which has been “invented” expressly for this purpose. The color
“white” is a qualitatively consistent form of experience which does not
correspond at all to anything simple in extra-subjective reality. Since no
paired correspondent, in the form of actual wavelengths, exists for the
middle of the spectrum, there to be used for compensative cancellation,
that is, for the formation of “white,” a complimentary color that we call
purple has been “invented” in the same way as white, whereby the band
of colors is completed and closed to form a color ring.

The species-preserving function of this entire apparatus lies exclu-
sively in its capacity to compensate for incidental variations in the color
of the lighting and, by doing this, to abstract as constants the inherent
reflective qualities of objects. This happens in the following way: the
impingement of light of a particular wavelength on a part of the retina
induces the entire remaining area of the retina not only to increase its
readiness to receive the complementary color but also actively to create
that color. Erich von Holst (1969, 1970) demonstrated this experimentally
by allowing a portion of the field of vision to perceive a spectral color,
blue for example, but then beamed to the other remaining part of the
field a “white” which did not comprise the wavelengths of the comple-
mentary color, yellow, but was generated through a combination of red
and green. Nevertheless, the subject in the experiment saw the region
bordering the blue area as yellow and not as white.

If in a given illumination a particular wavelength predominates, this
will be compensated for completely by the mechanism just described,
and that is why we always perceive a piece of “white” paper as white,
although it may be viewed in the yellow of an electric light, in the red-
dish light of a sunset, or in the bluish light of a foggy day. But this com-
pensating apparatus can also easily be “taken for a ride” if the prevalence
of a color in the field of vision is not contingent on the lighting, but is
dominant simply because a majority of the objects being seen reflect the
color in question more readily than others. In such a case, we see all the
other objects that do not do this as manifestly reflecting the complemen-
tary color. This phenomenon is called the simultaneous contrast.

This phenomenon can also be made understandable through a trans-
lation of the ratiomorphic processes into rational ones. The mechanism
of color constancy proceeds from an established premise which
“assumes’ that the objects simultaneously present in the field of vision
reflect, on average, all spectral colors uniformly. The apparatus does not
“reckon” with the hardly probable possibility that, for some reason, the
field of vision might be filled with nothing but objects which “are red,”
that is, with objects reflecting much more red than other colors, and thus
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“concludes,” consequentially but incorrectly, that if red dominates the
field of vision, this must be due to the lighting. But in red lighting,
everything that reflects a “colorless” light must logically reflect green
more intensely, or else they would at least have to appear lightly tinged
with pink. And for the same reason, one would also see everything gray
tinged in “contrasting” green.

As this example (intentionally chosen as the simplest possible) shows,
perception is in a position to process a vast amount of incoming data and
to draw from these a completely consistent conclusion. Only this conclu-
sion is communicated to the consciousness! Perception, thus, is comparable to
a computer. Erich von Holst has shown that almost all of the so-called
“optical illusions” are based on the same principle as the simultaneous
contrast: the premises from which the ratiomorphic operation proceeds
are counterfeited by means of an extraordinarily improbable stimulus
configuration and in such a way that the “computation,” in itself logical,
leads to an erroneous conclusion.

Perception invariably evaluates relationships, configurations, but
never absolute data. Even the most unmusical person can recognize a
fifth or a third unmistakably, but a statement about the absolute pitch
would be beyond him. It is immensely characteristic of perception that
it is independent of absolute data. We recognize a melody again and
without difficulty whether it is played in the bass clef or in the treble
clef. Christian von Ehrenfels (1890), one of the pioneers of Gestalt psy-
chology, incorporated this capacity for transposition as an essential crite-
rion of gestalt perception.

If a comprehension of modern computers can convey more than a
mere conceptual model for any portion of the physiology of the central
nervous system, then it is in the region of that mechanism which, from
the multifariousness of the sense data, extracts the biologically relevant,
teleonomic perceptions. Far from making the impression of being, in
principle, inaccessible to research and conducive to misleading mystical-
vitalistic interpretations, its function—and still more its extremely
instructive malfunctions—bear so clearly the character of the mechanical
or, better said, the physical that, more than any of the other complex
phenomena of life, it fortifies our research optimism.

In spite of this, many modern researchers, and especially those who
claim a monopoly for quantification as the only legitimate cognitive
function, do not accept perception as a source of knowledge. In part this
is because the messages of gestalt perception, obviously originating
somewhere other than through the results of the rational and, for that
reason regarded as “intuition,” “inspiration,” “revelation,” and such like,
are suspect to the scientist. To this must also be added the circumstance
that those people who are extraordinarily gifted for the perception of
complex configurations usually lack the keenness for analytical thinking.
Only a few of the very great geniuses, but not all of them, had both.
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Goethe himself considered the revelation of perception the only substan-
tial source of knowledge: “Geheimnisvoll am lichten Tag, Lisst sich
Natur des Schleiers nicht berauben, Und was sie deinem Geist nicht
offenbaren mag, Das zwingst du ihr nicht ab mit Hebeln und mit Schrau-
ben.” (“Nature does not allow herself to be robbed of her veil of mystery
in the bright light of day, and what she chooses not to disclose to your
mind you cannot force from her with levers and jackscrews.”) The
obvious fact that gestalt perception and rational thinking both belong in
like manner to the cognitive apparatus of humans and are capable of
functioning fully only together, is as difficult for some people to com-
prehend as is the complementarity of the goal-directed, that is to say the
teleonomic, and the causal considerations of a living system.

Gestalt perception is the function of a computing apparatus which, in
complexity and capacity, surpasses by far every man-made machine. Its
great strength is to be found in the simply prodigious amount of isolated
data it takes in, the innumerable interrelationships it registers among
them, and its ability to abstract from these relationships the inherent
lawfulnesses. In this it surpasses even the most recently marketed com-
puters which are able to extract, from a superposition of a great many
curves, the single lawfulness prevailing in all of them.

The second, and perhaps even more intrinsic capacity through which
perception surpasses all computers, is to be found in its ability to discover
unforeseen lawfulnesses. Rational research and, more obviously, all com-
puters can answer only those questions which have already been clearly
formulated by means of human reasoning; at least the supposition that
a lawfulness exists is always necessary before it is possible to provide an
experimental or a quantifying verification. But even to those researchers
who would prefer not to have it so, it is their own gestalt perceptions
that will have intimated that supposition.

The third great strength of gestalt perception, and what really makes
it rightly the basis of all knowledge about complex systems, is to be
found in its extraordinarily protracted retentive memory. The fact which
Goethe so clearly recognized, that the linear succession of words is inca-
pable of depicting, comprehensibly, complex systemic wholes, is based
quite simply on the realization that our rational recall has long forgotten
the facts ingested at the beginning of an explanation as it continues to
receive subsequent information about the same system. Most important,
it never succeeds in grasping the relationships, going in all directions,
that exist among the isolated data. One has only to read, for example, the
description in an ornithological textbook of a cryptically speckled bird,
somewhat similar to a skylark, and one will discover that one cannot
make a mental “picture” from the descriptive phrases because one has
long forgotten what was written about the brown speckling by the time
one is reading the delineation of an adjacent region of the bird’s body.
That this difficulty is actually one of memory and that, in principle, it is
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perfectly possible to construct a gestalt from a temporal sequence of iso-
lated data, is confirmed by television, a medium through which the
transmission of facts follows so rapidly that the afterimage on the retina
takes over those tasks on which, through the vocal transmission, our ver-
bal recall has long since foundered.

It borders on the miraculous the way in which gestalt perception can
abstract configurations of distinctive features from a chaotic background
of accidental stimulus data, and then retain these over the years. An
example of this, described here, is one that will be familiar to every older
physician. Several years ago, let us say, a certain complex of symptoms
was observed a few times, or it could have been but once, without your
having realized at the time that a particular gestalt quality had been per-
ceived. But, seeing the same complex of symptoms again much later, it
can happen that, in a flash, from the depth of the unconscious, the gestalt
perception with the indubitably correct message is there: “You have seen
this exact same pattern of pathology once before.”

Perception’s most important characteristic for science in general, but
especially for comparative studies of behavior, is its capacity for storing
configurations of data almost indefinitely. And all those functions of
information collection from a disordered “background,” a background
that is made up of what is to be collected as well as a lot of insignificant
data, require a repetition of the extraction process. The louder the
“noise” is on the band tuned for receiving, that much more often must
the message be sent. “Redundancy of information compensates for the
noisiness of channel” is the single sentence my friend, Edward Grey
Walter, chose to summarize a lecture I once gave on the necessity of
repeated observations.

One day, after a long period of unconscious data accumulation, the
gestalt that has been sought is there, often coming completely unexpect-
edly and like a revelation, but full of the power to convince. The enor-
mous fund of facts that the perceptual mechanism must amass before it
is brought to a position to be able to convey such a result plays, in the
function of ratiomorphic abstraction, a role which is analogous to that of
collecting the basis in inductive research. And getting it to that stage of
completion and production, perception takes just as long a time, if not
longer, than rational induction. This explains why the discoveries made
by a great biologist who continues to use the same research object are
sometimes separated from one another by decades. Karl von Frisch pub-
lished his first findings on bees in 1913; in 1920 he wrote for the first
time about their ability to communicate by means of dances; in 1940 he
discovered the mechanism for orientation which responds to the posi-
tion of the sun and which has, as a prerequisite, an “internal chronom-
eter” and also the directional instructions for returning to the hive,
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