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Preface

With the discovery of conditioned reflexes by 1. P. Pavlov, the possibilities for exper-
imenting, following the example set by the classical, exact sciences, were made avail-
able to the behavioral sciences. Many psychologists hoped that the component parts
of behavior had also been found from which the entire, multifaceted cosmos of behav-
ior could then be constructed. An experimentally oriented psychology subsequently
developed including the influential school of behaviorism. Motivated by pedagogical
idealism, psychologists indulged in the hope that education could achieve every desired
result. Among behaviorists, the Lockean conviction that humans come into the world
with “clean slates” crystallized into a doctrine. It seems certain that this conceptual
approach restricted research interest. Although behaviorists carefully investigated the
various aspects of learning behavior, and extracted some fundamental laws of learn-
ing, their theoretical fixation prevented their perceiving other possible approaches.
The possibility that some aspects of behavior might, through phylogenetic adaptation,
be genetically programmed was not even considered. Anyone referring to a possible
antecedent innate human nature was, until recently, dismissed as a biological determin-
ist or reductionist. As late as the 1970s, the majority of behaviorists and sociologists
viewed humans as primarily passive beings subject to the formative influences of their
surroundings. It was believed that through rewards and punishments almost all human
behavior could be “conditioned” (B. F. Skinner, 1938, 1971). Such an extreme environ-
mentalist approach would consign all behavior to learning, relegate all power to the
educators, and ultimately, legitimize them to establish behavior norms as well. Parallel
to the development of behaviorism in psychology there developed in anthropology a
pronounced cultural relativism (discussed critically by W. Rudolph, 1968) according
to which culture is a construct on which the laws of biology have no influence. This
school of thought is traceable to Franz Boas (1911, 1928, 1938) and its tenets must
have reflected the spirit of the times since leading anthropologists acknowledged them
(A. L. Kroeber, 1915; M. J. Her- skovits, 1950, among others). Margaret Mead can
be regarded as one of the victims of this doctrinal teaching; she was so convinced of
the relativism of cultures that she saw and recorded only that which fit those theories.
Her reports on Samoa, so often cited, could not stand the test of critical review (D.
Freeman, 1983).

The decisive impetus for revising this extreme environmental approach came from
behavioral biology (ethology). The work of Konrad Lorenz (1935, 1937, 1961) and Niko-
laas Tinbergen (1948, 1951) clarified the notion of instinct, a concept which, until this
time, was a philosophical speculation of the vitalists. There were, of course, exceptions,
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such as W. James (1890) who defined “instinct” in fairly modem terms, as capacities
of organisms based on an innate neuronal organization. Lorenz and Tinbergen demon-
strated that phylogenetic adaptations determine behavior in well-defined ways, and
also voiced the opinion that comparable phylogenetic adaptations influence human be-
havior. By introducing the dimension of phylogeny into the science of behavior their
work incorporated Charles Darwin’s findings; behaviorists had apparently forgotten to
consider the evolutionary aspects of behavior in their theories.

About the same time that Lorenz formulated his theories, Erich von Holst (1935,
1939) refuted the classical reflex theory, according to which all behavior is a response
to external stimuli.

Ethologists can look back over the last decade with a certain sense of satisfaction,
for within a short span of 10 years, six biological researchers have received the Nobel
Prize: Konrad Lorenz, Niko Tinbergen, and Karl von Frisch in 1973 (as founders of
ethology) and Roger W. Sperry, David Hubei, and Torsten Wiesel in 1981 (as pioneers
of neuroethology).!

The discovery that even the behavior of higher vertebrates is preprogrammed in
well-definable ways through phylogenetic adaptation has initiated a process of recon-
sideration in the human sciences, to date so heavily influenced by behaviorism. In 1971,
R. Sperry wrote that the new discoveries on the self-organization of the nervous system
up to the point of functional maturity has hardly been noticed in disciplines beyond
the fields of biology and ethology. Currently, however, the biological approach is well
acknowledged by most fields of science dealing with humans.

Konrad Lorenz indicated in his earlier works that the findings of animal behavior
research could contribute to the understanding of human behavior. He devoted a num-
ber of important chapters to human behavior in Die angehorenen Formen moglicher
Erfahrung (1943) and in 1950 he designated as one of the most important objectives
of ethology the testing of the hypotheses derived from the study of animal behavior
through the study of human behavior.

Clearly, this objective consists of more than simply applying to humans the findings
and models of animal behavior research. Ethological research on man was needed, and
it truly began in the mid-1960s. I have been able to contribute to the development
of this field, bringing to it a considerable background of practical field and laboratory
experience in animal behavior on a broad comparative basis.

As a student, beginning in 1946, I had the opportunity to study the behavior of am-
phibians and mammals at the Wilhelminenberg Biological Station (Vienna). A badger
that I hand-raised helped me learn a great deal about animal play behavior. It occurred
to me that during the course of its play behavior the badger freely combined behavior
patterns from a number of different functional systems. Indeed, in its play behavior we
can observe the first manifestations of that freedom to perform derived from voluntary

! Not to be confused with the baby schema (“kindchenschema”).
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motor control and the ability to detach behavior patterns from emotions which also
lies at the root of man’s behavioral freedom (I. Eibl-Eibesfeldt, 1950).

In 1949-1950, I joined Lorenz at the newly established Research Center for Behav-
ioral Physiology of the Max Planck Society. In addition to my interest in behavioral
development, questions regarding communication caught my attention. How do sig-
nals guide the course of social interactions? How do they originate, and how does the
understanding of signals develop? In this area I was particularly concerned with the
ritualization of aggressive behavior (I. Eibl-Eibesfeldt, 1955a, 1959).

On a 10-month expedition led by Hans Hass to the Caribbean Sea and the Galapa-
gos Islands, I had the opportunity to study the cleaning symbiosis of fishes and other
interspecific relationships of coral fishes (I. Eibl-Eibesfeldt, 1955b). I also observed the
ritualized fights of marine iguanas, and became acquainted with adaptive radiation
from first-hand observation of Darwin’s finches. On another diving expedition (1957-
1958), again with Hans Hass, I spend 1 year in the Maldive and Nicobar Islands. My
main interest was the behavior and ecology of coral fishes. I assembled a large collec-
tion of these fishes and learned much about systematics and functional morphology.
On these two research voyages? I sharpened my appreciation for interrelationships,
especially those concerning ecological factors.

After returning from this expedition I became increasingly involved in the naturenur-
ture debate. I experimentally refuted a number of assertions about the ontogeny of
certain behavior patterns and showed how innate and acquired elements in mammalian
behavior intercalate (I. Eibl-Eibesfeldt, 1963).

In the early 1960s I began to include human behavior in my research. Through
investigations with children deaf and blind from birth, I was able to demonstrate phy-
logenetic adaptations in human behavior (I. Eibl-Eibesfeldt, 1973). Between 1963 and
1965 I began with the documentation of unstaged (“natural”) human social interactions.
The impulse came from my friend Hans Hass, who provided the technical requisites
through the development of a specialized reflex lens (p. 112). We tested this technique
in 1964 in Africa and in 1965 on a world-wide expedition (I. Eibl-Eibesfeldt and H.
Hass, 1966, 1967). From this experience, we developed a program of cross-cultural
documentation of human social interactions and rituals on film and tape.

For the longitudinal studies, I selected a number of cultures with different subsis-
tence strategies and which, within certain limitations, could also serve as models for
different stages of cultural evolution-from Paleolithic hunters and gatherers to farming
societies. In 1970, I was entrusted with an Institute for Human Ethology within the
organization of the Max Planck Society.

Cross-cultural documentation formed a principal part of our efforts.®> We inves-
tigated phylogenetic and cultural adaptations, the development of rituals and their

2 In the tables of P. Ekman and C. H. Hjortsjd and in the illustrations by J. Sobotta and H. Becher
(Fig. 6. 29, A-C) the same muscles sometimes bear different names. These are in square brackets.

3 M. levator palpebrae superioris is not innervated by N. facialis but by N. oculomotorius. Func-
tionally it is also a mimic muscle, but not in a strictly comparative neuro-anatomical sense.
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function, and, in general, the behavior patterns of communication. In studying strate-
gies of social interactions, I found that certain verbal and nonverbal interactions are
structured according to the same universal rules. The exploration of this universal sys-
tem of rules that structure social behavior is at present one key aspect of our research
efforts. To achieve this goal, we are working in conjunction with linguists. In 1967, I
concluded my animal ethological studies with the publication of <em>Ethology : The
Biology of Behavior.*

As a supplement to my textbook on animal behavior, this new text on human
ethology is based on the latter half of my life’s work.? The findings on animal ethology
are only occasionally cited in this work and then only to the extent that they contribute
to the understanding of ethological concepts.

I hope that this first text on human ethology presents itself as a unified work,
even though not every area could be treated with equal depth. For example, a branch
of ethology has developed in the past decades which places particular emphasis on
ecology and population genetics. This field, known as sociobiology, has enriched dis-
cussion beyond the boundaries of behavioral biology through its stimulating, and often
provocative, theses. I will discuss some of its contributions when appropriate in this
volume, but, of course, cannot cover this new field in depth.

After vigorous debates between behaviorists, anthropologists, and sociologists, we
have entered a period of exchange of thoughts and a mutual approach, which in many
instances has led to cooperative projects of researchers from different disciplines. This
work offers a biological point of view for discussion and includes data from my own
cross-cultural work and research from the staff of our institute. It confirms, above all
else, the astonishing unity of mankind and paints a basically positive picture of how
we are moved by the same passions, jealousies, friendliness, and active curiosity. It is
hoped that it encourages further discussion and thought across traditional academic
boundaries.

Before turning to the text, I would like to add that the need to understand ourselves
has never been so great as it is today. An ideologically torn humanity struggles for
its survival. Our species, who is in a position to send satellites to Mars and Venus
and to broadcast photographs of Saturn and Jupiter from space, is helpless when
confronted with its social problems. It does not know how it should compensate its
workers, and it experiments with various economic systems, constitutions, and forms
of government. It struggles for freedom and stumbles into newer conflicts. Population
growth is apparently completely out of hand, and at the same time many resources
are being depleted. With the continuation of the present exponential growth of the
world population looms the catastrophe of a global breakdown of populations. In his
book Mutations of Mankind, Pierre Ber- taux (1963) writes: “Assessing contemporary

4 7In P. Ekman and W. V. Friesen (1978) designated as action unit (8 + 25, or 8 -I- 26, or 8 +
27) “Lips toward each other.”
5 Upper muscle fibers merge into the lower lip.
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human existence as a biological phenomenon is not only permissible but mandatory.
Anyone rejecting this approach fails to recognize the significance of our existence and
thus the extent of human responsibility. ...” Our hope is to develop an ethic for human
survival through gaining insight into the biological processes governing our lives. We
must consider our existence rationally in order to understand it, but certainly not with
cold, calculating reason but with the warm feeling of a heart concerned for the welfare
of later generations. May this book contribute to such an outlook.
Professor Dr. Irenaus Fibl-Fibesfeldt
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1. Objectives and Theoretical Bases
of Human Ethology



The animal is taught by its organs; man teaches his and controls them.

Johann Wolfgang von Goethe

Whether mankind considers himself the son of God or a successful ape will make
a clear difference in his behavior towards actual facts; in both cases he will also hear
very different commands from within himself.

Arnold Gehlen (1970, p. 1)
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1.1. Inquiry Formulation and
Definition

There has never been a shortage of attempts to define man and, by interpretation,
attribute meaning to his life. For millennia, priests, artists, and philosophers have
considered these questions. Religious revelation has often been contrasted with the
efforts to gain insight into human nature through observation and introspection, that
is, through experience and with the aid of reason. To this empirical-rational approach,
biology gave new impetus with the theory of evolution, a theory that shook our anthro-
pocentric perception of the world. Through evolutionary theory, man became aware
not only of his animal heritage, but also of the reality of his incompleteness—man
could no longer consider himself as the final “crowning achievement” of creation, but
rather, at best, as an intermediate link on the path toward a higher level of humanity.

Of course, this new insight led to a new perspective of man, one of a progressively
developing creature, setting ever higher goals and striving toward these objectives. But,
at the same time, man became painfully aware that he travels on a narrow ridge, risks
toppling off, and is burdened with responsibility, in as much as he accepts his further
development as his mission.

If, for some, man was simply one animal species among others, a “naked ape” as
Desmond Morris provocatively expressed it, others, in contrast, felt that man had
progressed so far above animals in his evolution that he no longer had anything in
common with them; that he had gone beyond the biological process of evolution by
virtue of his culture. Man, therefore, was considered free to arrange his life in accor-
dance with reason, without any limitations on constraints. These alternate viewpoints
became unnecessarily polarized, for both approaches have validity. Biological inheri-
tance determines human behavior, as we will show, in precisely definable parameters.
But it is equally true that only man possesses a language, with which he can creatively
formulate new statements and thus pass on his cultural heritage by tradition. Only
Man can be defined as a cultural being even though some primates show some modest
cultural beginnings. Art, reason, and responsible morality, as well as open-mindedness
and adaptability, are further distinctive human traits, and no reasonable biologist
doubts their special role.!

It is important, however, that we are also aware of the more primitive action and
reaction patterns that determine our behavior, and to not pretend as if they did not

! Not to be confused with the baby schema (“kindchenschema”).
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exist. It is especially in the area of social behavior that we are less free to act than
we generally assume. This is poignantly demonstrated by the astonishing discrepancy
between our ability to control the external environment and our inability to shape
our social life satisfactorily. At the same time that we enthusiastically view the space
photographs of Jupiter from the Voyager space probe, we read in our newspapers about
executions in Iran, terrorist acts in Ireland, and mass murder in Kampuchea. Of course
we should be hopeful for our future based on our potential for responsible morality,
but this is possible only when we also recognize the inherited basis of our actions and
take them into consideration. In this sense biology can contribute to our enlightenment
and emancipation.

Human ethology can be defined as the biology of human behavior. Like its parent
discipline ethology, it too is divided into specialties, since the question as to why
humans behave one way rather than another can be defined and answered in different
ways. If one’s interest lies in the function of the underlying physiological mechanisms,
then human ethology becomes allied with traditional behavioral physiology. Here we
are dealing with an explanation of the proximate cause of a behavior pattern. Inquiry
is directed, for example, toward the stimuli that trigger specific responses, how the
coordination for muscle action is achieved, what motivates and terminates behavior,
as well as other questions. One can also ask how and why specific behavioral patterns
evolved. In order to answer these questions, which aim at the ultimate causes, one
must first understand in which way the behavior in question contributes to fitness,
as measured by the number of surviving offspring. In short, one must establish its
function, or in this sense its task. Experimental and ecological designs, including the
study of the ontogeny, are used to answer this question.

The observation of behavior in the natural context is an important starting point
for such an investigation. Whenever we encounter a structure or a behavioral pattern
on a regular basis it is common sense to ask what that pattern’s function is, in other
words to begin with the presumption that the behavior fulfills some task. It can, of
course, be the case that the particular behavior under observation from a selectionistic
point of view is either neutral or even a disadvantageous heritage, dragged along as
a burden of history, or as a by-product of other adaptations. This is, however, only
rarely the case. The various cost-benefit calculations used by sociobiologists constitute
a promising new way to study adaptiveness; we shall explore this topic in a special
section later in this volume.

Some functions are immediately obvious. If a paleontologist finds a petrified wing
impression he needs no experimental procedure to state that this is a flight organ.
Should one find the fossil imprint of a structure looking like a camera eye, i.e., with
lens, glass body, accommodation structures, and a projection surface like the retina,
the investigator can state that he found an eye, an organ used for visual perception.
This statement can be made even if the organ was found in a meteorite and it was
thus impossible to make any experimental verification of the structure’s function.
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Questions about function and development can be asked for cultural behavior pat-
terns just as they can for phylogenetically evolved characteristics. We emphasize this
because one occasionally comes across the point of view that human ethologists deal
only with the basic “animal” heritage in human behavior. This is false. We also investi-
gate man’s cultural behavior. Thus questions as to specific adaptiveness can be posed
both for phylogenetically and culturally evolved patterns and achievements from the
biological point of view mentioned above. O. Koenig (1970) even coined the term “cul-
tural ethology.” Excellent examples of the ethological approach to the study of cultural
behavior include Koenig’s investigations on the biology of uniforms and the ethological
analysis of soccer by D. Morris (1981). We must also correct the frequent equating of
phylogenetic adaptation with animal heritage. This is unwarranted because there are
many phylogenetic adaptations that are specific to Homo sapiens alone. Consider, for
example, our innate propensity for speech or the expression of crying.

Human ethologists investigate complex behavioral sequences of individuals and of
interactions among people and groups of people. They thus work on higher integra-
tion levels than physiologists, who are concerned with the elemental life processes
such as stimulus perception, muscle contraction, and the conduction of nerve impulses.
Although these processes are an important prerequisite to the understanding of behav-
ioral events, one cannot deduce all the laws underlying any given social interaction
from these elemental processes. Each higher level of integration has its own laws that
cannot be derived from those of the levels below. Special emphasis must therefore be
placed on the necessity of formulating questions appropriate to each level of behavioral
organization.

Human ethology makes use of experimental and analytical methods of behavioral re-
search developed in related disciplines, including techniques of data sampling developed
in anthropology and psychology, such as, the interviewing of informants. From animal
ethology we take the methods of nonparticipant observation, techniques of recording
and documenting, and the comparative approach. Human ethology also places value
in studying behavioral patterns in their natural context (Section 3.3) and thereafter
proceeding to experimental analysis.

The theoretical basis of human ethology is critical realism (K. R. Popper, 1973; K.
Lorenz, 1973, 1983). Hence, the basic assumption is that every “adaptation” reflects
features of a reality outside the subject (p. 8).

In order to make objective statements about the real world, our perception must
be capable of reconstructing this world from the sensory data perceived. In order
to reconstruct the real world we must be able to recognize constancy, even under
changing conditions. Special mechanisms of constancy perception as well as our ability
to recognize configurations (Gestalt perception, Section 2.2.2) enable us to do this.
Since these are phylogenetic adaptations, we can say that the constancy hypothesis is
innate.

The relationships between reality, perception, and knowledge can be demonstrated
by using a graphic projection model (G. Vollmer, 1983). If a cube is optically projected
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onto a screen, we can reconstruct it if we know its structure, the type of the projection,
and the characteristics of the screen. In this manner we can accurately reproduce
three-dimensional objects from two-dimensional projections on our retina. Even when
we look at pictures, we interpret the objects portrayed on them in three dimensions. In
the reconstruction of three-dimensional objects, the information lost in the projection
process must be recovered. This takes place relatively reliably during the course of the
perception process, with the exception of special cases, such as optical illusions.

Cognition can be seen as an effort to reconstruct the real, “true” structures of reality
outside the subject from the sensory impressions perceived as projections of these
structures. Thus we interpret the cosmic signals perceived by our sensory organs as
projections of astronomical objects. That the interpretation of these projections fits
the outer world is proved by the success of interplanetary space travel.

The ability to reconstruct a real world from sensory data presupposes a knowledge
about this world. This knowledge is based in part on individual experience and, in part,
on the achievements of data processing mechanisms, which we inherited as phylogenetic
adaptations. Knowledge about the world in the latter instance was acquired during
the course of evolution. It is, so to speak, a priori knowledge—prior to all individual
experience—but certainly not prior to any experience (Section 2.1).

The process of cognition consists of a step-by-step reconstruction of an hypotheti-
cally postulated reality, a stepwise liberation from the limitations of our sensory organs
(the “screen” . . . ). This reconstruction process works counter to the chain of projec-
tions. While each projection effectively reduces information, in the process of cognition
we attempt a reconstruction. Naturally, such a reconstruction must remain partial and
hypothetical” (G. Vollmer, 1983, p. 64, translation of the German original).

In recent years, promising relationships have developed with other disciplines of
human behavior and human culture. In this book we will discuss the work of many
researchers who would not regard themselves as ethologists, but whose findings are
ethologically relevant. This holds true for psychologists as well as ethnologists, sociol-
ogists, political and legal scientists, and art historians.

A particularly close relationship exists with ethnologists and social anthropologists
(E. Goffman, 1963, 1967; K. Jettmar, 1973; M. Godelier, 1978; H. Schindler, 1980).
Common interests arise from comparative cultural work and from a mutual interest in
the general, universal laws of human behavior, as demonstrated, for example, by the
structuralism of C. Levi-Strauss (p. 517). These relationships are so varied that they
cannot all be cited here. Our common interests touch on questions of early childhood
development and socialization, societal structure, hierarchical organization, aggression,
ethical norms, and many more. Ties also exist with psychology and sociology. We will
cite specific examples of this in the discussion of these themes. There are further
common interests with linguistics, both at the level of concept formation and that
of speech itself (p. 523). There have long been mutual relationships with medicine,
especially psychiatry and psychoanalysis (D. Ploog, 1964, 1966, 1969; J. Bowlby, 1969,
1973). The growing interest in ethological findings by political scientists is noteworthy.

26



In America, biopolitics has developed as a new discipline (R. D. Alexander, 1979; C.
Barner-Barry, 1983; P. A. Corning, 1981, 1983b; H. Flohr and W. Tonnesmann, 1983;
R. D. Masters, 1976, 1981b, c; G. Schubert, 1973, 1975, 1983b; A. Somit, 1976; A.
Somit and R. Slagter, 1983). Art history and archeology have also been inspired by
findings from ethology (D. Fehling, 1974; G. C. Rump, 1978, 1980; M. Schuster and H.
Beisl, 1978).

Summary 1.1

Human ethology can be defined as the biology of human behavior. The research ob-
jectives are the elucidation of the physiological mechanisms underlying behavior, the
discovery of the functions fulfilled by behavioral patterns and thus the unveiling of the
selective pressures to which the behavior in question owes its existence, and, finally, the
investigation of behavioral development in ontogeny, phylogeny, and cultural history,
with emphasis on the question as to how and to what extent Man became programmed
to act through phylogenetically acquired adaptations or by learning during individual
ontogeny. Human ethology makes use of the concepts and methods developed in animal
ethology, but adapts them to the special 6 requirements associated with the unique
position of man within the Animal Kingdom. Methodological techniques are also uti-
lized from the related disciplines of psychology, anthropology, and sociology. Through
points of mutual interest human ethology thus endeavors to bridge the gap between
the different human sciences. Human ethologists study not only the phylogenetically
evolved behavior of man but also its individual and cultural modifiability. Critical
realism is the epistemological basis of human ethology.

Oh, great star! What would you be, had you not those on which to shine?

Friedrich Nietzsche (from Zarathustra’s prologue)
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1.2. Phylogenetic and Cultural
Adaptation

Life is defined today as an energetic process during which organisms, bearers of
this process, extract more potential energy from their environment than they must
expend in the acquisition of this energy. In other words, organisms are energyacquiring
systems with a positive energy balance. H. Hass (1970), the first to clearly formulate
this concept to my knowledge, originated the term “Energon” for such energy-acquiring
systems. The life processes are maintained by the multiplicity of organisms and by those
energy-acquiring systems developed by them. Although we can trace the development
of the process throughout evolution, we have yet to understand its ultimate causes.

The energetic process presupposes structures at its disposal that are “adapted” to
the appropriate energy transformations. Each organism must possess structures with
which it can extract energy from the environment. These structures are adapted to
the appropriate energy sources, that is, they are so constructed that they can tap the
specific energy sources and thus aid in the maintenance of the energy-acquiring system.

The environment is not only the source of energy but also the source of a multitude
of interfering and even harmful influences against which the organism must protect
itself. Organisms must also repair damage and be able to transform their positive
energy balance into the procreation of their species. In short, there are a multitude of
adaptations that require energy investment, such as reproduction, growth, protection,
and similar tasks, which enter the balance as costs (H. Hass, 1970).

Since organisms live in an ever-changing environment, they must be able to modify
their adaptations in response to these changes. This may even require changes in their
basic construction. Furthermore, there are a variety of changes to which an organism
must continually adapt during its lifetime. Thus it must be able to institute short-term,
reversible changes in response to temporary environmental changes. The musculature
and circulatory systems must be able to adapt to new stresses, and calluses must be
able to form on the skin in response to pressure. Finally, an animal must be able to learn
from experience in such a way that it modifies its behavior adaptively. Adaptive here
refers to fitness as measured by reproductive success or, ultimately, the propagation of
the genes of the individual in question (see inclusive fitness, p. 92).

Adaptation is thus a central problem for all organisms. Since the entire naturenur-
ture controversy centers around the question of the source of adaptation, we will add
a few basic remarks about this subject here.
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Adaptations depict features of the environment relevant to survival. They reflect
facets of the external reality, such as, characteristics of the energy source they tap
or the environment in which they move. Thus, certain characteristics of water are
reflected in the anatomy of fishes and dolphins, by adaptations that are functionally
related to the movement of these organisms in this medium. This is what is meant
when we say that an adaptation reflects features of the environment. The degree of
detail and exactness in which an adaptation depicts the outer world varies from case
to case since it is determined by function. The organism only reflects characteristics of
the environment relative to fitness and not every detail of the environment. However,
the match can be amazingly complete, as for example in the case of mimicry, in which
a mimic imitates its model even down to the smallest details. The leaf insects, for
example, mimic the leaves of the shrubs on which they live. Interesting examples of
mimicry are reviewed in W. Wickler (1968).

K. Lorenz (1941, 1973) has made a significant contribution to the question of what
constitutes reality in his biological epistemology. In our adaptations we do not depict
the external world—pictorially (iconically), but our thought processes and our percep-
tual capabilities fit as adaptations in the same way as do our physical characteristics.
“Our cognitive and perceptual categories, given to us prior to individual experience,
are adapted to the environment for the same reasons that the horse’s hoof is suited for
the plains before the horse is born, and the fin of a fish is adapted for water before the
fish hatches from its egg” (K. Lorenz, 1941, p. 99, translation of the German original).

The adaptations of an organisms, whether these are bodily structures or adaptations
in behavior, represent assumptions (hypothesis) about the world in which it is going
to live—assumptions which have been tested by selection.

Our perceptual organizations come into disarray when we move into other environ-
ments to which we are not phylogenetically adapted, as for example in the atomic
or astronomical environments. Our causal thought processes are proof of this. We
associate events by means of rigidly determined programs and extrapolate from the
coincidence of events: When-then (coincidence) to causes (because— then). We can
only think in causal sequences, and this becomes a problem when we use these in-
tellectual tools to inquire into the origin of the universe. David Hume states that
causality may not actually exist in nature, but that it is just a “necessity of the soul.”
The remarkable essay by R. Riedl (1981) contains a chapter on the consequences of
causal thought: “The Superstition of Causes.” This chapter title is misleading and more
appropriately should have been “The Established Faith in Causes,” since for the mid-
dle level—the “mesocosmos”™—causal thinking is an appropriate adaptation. Accurate
knowledge based on an iconic depiction of reality cannot be accomplished and is not
really necessary for research. We perceive the world with preconceived perceptual and
thought processes that strongly influence the postulation of our hypotheses (p. 105).
Our perceptive and cognitive mechanisms, nonetheless, fit well enough to an outer
world to enable us to send satellites into outer space, which will eventually arrive at
their goal even after years of travel. That our cognition is capable of this is a mat-
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ter of interest and it is more reasonable to assume that our cognition corresponds to
external reality than to take the standpoint which disavows the existence of a world
independent of a perceiving subject. In P. Watzlawick’s (1981) Die erfundene Wirk-
lichkeit (“Invented Reality”), these problems are precisely and intelligibly discussed by
the various authors. Other notable contributions have been made by R. Riedl (1979),
G. Vollmer (1975, 1983), D. Campbell (1974), and G. Radnitzky and W. W. Bartley
(1987).

In their organization, organisms mirror facets of the extrasubjective environment.
Even though the postulates of critical realism are neither demonstrable nor refutable,
as Karl R. Popper states, we can “argue in their favor, and the arguments are con-
vincing” (K. R. Popper, 1973, p. 50, translated from the original German text). This
is the position any sensible scientist must take. Whether this is “critical realism” or
“hypothetical realism” is, from my point of view, of little significance. G. Vollmer (1983)
is of the opinion that one must differentiate between these, since critical realism at
least considers the existence of the world as evident, retrospectively unquestioned and
intuitively guaranteed, while hypothetical realism differentiates between psychological
certainty (hypothesis about the world) and epistemological uncertainty. But critical
realists like Popper have a clear understanding of the epistemological uncertainty, and
the hypothetical realists proceed from the postulation of an extrasubjective reality,
which we reflect incompletely but nevertheless fittingly in our adaptations. This is
not surprising, for, using an illustration from Ernst Mayr: the monkey without a re-
alistic perception of the branch on which he wants to jump would soon be a dead
monkey—and thus would not be one of our ancestors.

From the above it is evident that every adaptive system must have acquired “in-
formation” from its environment at some time relevant to the organism’s adaptations,
which reflect these environmental features. For this to occur, the organism has had
to have interacted with the environment (K. Lorenz, 1961). Such an interaction can
occur during phylogeny through the mechanisms of mutation, recombination, and se-
lection. Information relative to survival has thus been collected each generation and
became codified genetically, providing the developmental instructions that guide the
process of self-differentiation by which the individual organisms or phenotypes develop.
This developmental scheme is so strongly controlled by the genes that each individual
develops the various speciesspecific structures during ontogeny. Special feedback mech-
anisms prevent excessive deviations from the blueprint. This is why sparrows hatch
from sparrow eggs and chaffinches from chaffinch eggs and not, accidentally, a duck.

Each characteristic develops within a specified range of variation. This range—
the reaction norm—is genetically determined and thus the result of phylogenetical
adaptation. The modifications of plants in different habitats illustrate this point. The
mountain forms of many plants often have feltlike hairs and are generally shorter-
stemmed and more compact than conspecifics growing in valleys. Such variability is
clearly adaptive in most cases. However, it can also be an epiphenomenon. There are
plants that develop red flowers in acid soil and blue in alkaline soil. The anthocyanins
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(flower pigments) turn red in acidic cell fluids and blue in weakly alkaline ones. We
have not been able to deduce the selective advantage for certain plants to possess both
color morphs depending on habitat. Perhaps this characteristic of the range of variation
is neutral in terms of selection and may even be an epiphenomenon. The range of
variation during development is limited and the environmental pressures cannot force
modifications to occur in any arbitrary direction. However, the genetically determined
prospective potential is often greater than what is normally observed. Gall wasps
possess chemical means of stimulating plant tissue to grow galls, which they would not
normally do. Generally the range of modifiability of genetically determined processes
of differentiation is rather limited, and the prospective potential decreases with each
further step in differentiation.

Phylogenetic development is not directed toward specific goals. The direction 9
taken is dictated more by selection contingencies. In a process analogous to trialand-
error learning, an exploration of possibilities takes place at the level of the species.
Many writers have been disturbed by the decisive role of “chance” in the development
of the amazing diversity of organisms. Once, however, it is made clear that basically
it is a question of species maintaining themselves in an environment of unforeseen
changes, then it is understandable that such adaptation only works when a continual
testing of all possibilities of constructive change takes place. This is the only way
that “promising monsters” (R. B. Goldschmidt, 1940) can be created and open new
pathways in evolution.! These can be ethological (p. 14) or morphological monsters.
Thus in every generation of flies there are wingless mutants that are weeded out from
the population as being malformed. However, that even such monsters of evolution
have a chance can be seen in the subarctic Kerguelen Islands, where only wingless
insects live (beetles, butterflies, and flies). The winged forms are continually blown off
the island by storms.

From generation to generation, new genetic variants are thus created and tested by
selection. They are, in a way, set into the world to test for new changes that might have
come about. Extreme specialization limits the potential for further evolution. Whereas
the pentadactylid foreleg of the vertebrate had the potential to evolve into the fin of the
whale, the wing of a bat or the hooves of a horse, the potential of these latter specialized
structures is greatly limited. A fin cannot become reconstructed into an extremity with
five fingers or a wing. Specialists, therefore, run a greater risk of extinction when their
environment changes drastically. The future lies with the generalists.

During the daily life of organisms there are numerous situations in which a rapid
adaptability is advantageous. An insect seeking flowers would benefit from remember-
ing where a plant had just blossomed. It is also advantageous for animals to remember
where predators are or which pathway is a safe escape route. It is useful when an animal
can learn from individual experience, i.e., is able to retain information about specific
data or experiences, to store this information, and to adapt its behavior accordingly.

! Upper muscle fibers merge into the lower lip.
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During the course of phylogeny, structures of the central nervous system evolved that
permitted individual experiences to be stored in recallable engrams so that future be-
havior could be adjusted accordingly on the basis of these experiences. Here, as well,
phylogenetic adaptations determine whether what is learned is obligatory or optional.
Animals learn what contributes to their fitness and, since this varies from species to
species, innate learning dispositions vary accordingly (p. 74).

Even though learning is based on phylogenetic adaptations and channeled by them,
new perspectives of evolution were opened with learning, which, among others, is one
of the prerequisites for cultural evolution.

In general, each animal learns from experience for itself only. However, some species
can also learn by imitation. In a free-living group of Japanese macaques on the Japanese
island of Koshima, a female discovered the washing of sweet potatoes before eating
them. The others saw this and imitated her. Today this behavior has become estab-
lished as a group-specific characteristic and is a tradition passed on from one generation
to the next. Such behavior is sometimes described as “protocultural,” but it was only
with the evolution of speech and the subsequent development of writing and other
information storage systems that true culture could arise.

In the protocultural stage, one individual has to show another the behavior to be
learned. With the development of speech it became possible to carry on a tradition
independently of an object by verbal instruction alone. One Japanese macaque must
always see another washing potatoes, but one person can instruct another by saying,
”"We wash potatoes before we eat them.” He could also permanently record this informa-
tion in writing so that it would be available for centuries to literate individuals. Thus,
with the introduction of writing, a new, more powerful data bank becomes available to
assist the memory enabling knowledge to be passed on without the presence of another
society member. Thus accumulative culture develops.

With cultural evolution a new level of existence is achieved, since culturally acquired
knowledge can maintain existence, to a large extent, independently of its inventors. If
the inventor of the radio or another technical innovation died without heirs, the inven-
tion could still be perpetuated. Theoretically it could even be utilized by genetically
unrelated inhabitants of another planet. Ideologies can survive in the same way and
thus have an existence of their own. K. R. Popper (1973) speaks of a world of objective
thought content, which exists even though it is a product of our mental activity. The
products of this world (theories, books, and others) can be studied without knowledge
of the ways in which they originated, in the same way as we can investigate spider webs
and bird nests without having seen the animals that made them. Books can outlive us
and be studied by other intelligent beings. Popper categorizes this world of objective
ideas as World 3, with the world of states of consciousness and behavioral dispositions
(World 2), and the physical world (World I).?

2 M. levator palpebrae superioris is not innervated by N. facialis but by N. oculomotorius. Func-
tionally it is also a mimic muscle, but not in a strictly comparative neuro-anatomical sense.

32



All our “artificial organs” (H. Hass, 1970), from tools to books and from factories
to expressways, belong to Popper’s World 3. They demonstrate effectively how much
and in which ways our accumulating culture dominates human evolution. New ideas,
theories, and inventions act like mutations in the biological realm, and they have
to stand the test of selection. The problem to be solved is the survival in offspring
and this is achieved by the elimination of mistakes. Popper mentions that anatomical
and behavioral adaptations of plants and animals are biological analogs of theories:
“Theories correspond (like many external objects such as honeycombs . . . ) to bodily
organs and their functions. Theories and organs alike are experimental adaptations to
the world in which we live” (K. Popper, 1973, p. 125).

Progress in knowledge is the result of a process quite similar to natural selection but
consists of the selection of competing hypotheses. “This interpretation applies to what
animals know, prescientific knowledge and also scientific cognition. While the animal
and prescientific knowledge grow mainly because those with unsuitable hypotheses are
themselves selected out, scientific critics often let our theories die instead of us; they
select against our wrong ideas before we ourselves are eliminated because of them
(Popper, 1973, p. 289).

Cultural evolution is by no means always a product of rational planning. F. A. von
Hayek (1979) pointed out clearly that mankind, with the ability to imitate and to carry
on traditions, develops traditions of learned rules of behavior, whose purposes are, in
most instances, not understood. Von Hayek continues that in the past, Man has often
learned appropriate behavior without understanding why it is correct, and even today
many habits usually serve him better than does rational understanding.

The system of traditional rules was tested and developed in a process of screening,
which is analogous to selection on at the biological level. Cultural evolution, therefore, is
mainly a result of the forces of selection and is, to a lesser extent, the result of conscious
rational planning. In a competitive process, the more successful characteristics prevail.
Von Hayek is undoubtedly correct when he states that cultural evolution could proceed
without any kind of insight and also when he expresses the opinion it has also done so
for the majority of mankind’s existence.

If we consider culture to be the totality of traditional adaptations, then his state-
ment that we were not even capable of designing culture is also true. Even today we
can only understand partial aspects of our own culture.* Nonetheless we must come to
terms mentally with the problems of our existence, and through reason come up with

3 One can also describe World 2 in broader terms as the world of the organic, which differs from
World 1 (physical) since its organization is derived from selective pressure (N. Bischof, 1981).

4 Cause and effect are so intertwined here that we cannot usually use our linear causal reasoning
to understand all the relationships operating here. D. Dorner and R. Reither (1978) contributed to this
concept in their experiment giving twelve intelligent students the task of improving the living conditions
on the fictitious developing country “Tana.” The conditions in the country were known and could be
varied. In almost all cases, the student destroyed the originally stable structure and often produced
catastrophic consequences for the country.
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solutions. Man has had great success with rational planning in many realms of science,
economics, and technology. Furthermore, we can set goals for ourselves and thus sig-
nificantly influence our further cultural development. The developments initiated by
founders of states and ideologists testify to such developments.

Ideologies can reverse developmental trends completely by setting new goals and
thus by altering contingencies of selection. Whether this is of advantage or not from
the point of view of the fitness of the society would not be determined until later. For
those Russian sects that forbade their members to engage in sexual intercourse—and
who disappeared soon afterward because of so few new recruits— ideology was shown
to be deleterious.

The experiments of modem mass societies, whose ideologies stress the equality of
all of its members, are fascinating. With few exceptions, in the majority of cultures,
successful men, those controlling the natural resources, also produced more descen-
dants. They could afford to have more women, and the women of their subordinates
also stood at their disposal. Successful Yanomami chieftains have more wives and chil-
dren than others in the tribe (N. A. Chagnon, 1979). In China the wealthy not only
had supplemental wives and concubines but also access to the wives of their subordi-
nates. The reigning ideology of the Chou Dynasty (1100-222 B.c.) stated that this was
their subjects’ obligation and fostered among subordinates the wish to comply since
they believed that only the ruling class possessed certain magical powers, which they
transmitted for the common good through reproduction.

In the above instances the ideology supported those controlling the society’s re-
sources and led to growth in the population of the ruling class at the expense of the
lower classes (further examples in K. MacDonald, 1983). With Christianity, which in-
terestingly enough spread first among the slaves and the poor of Rome, the ideology of
equality—of “leveling” as Nietzsche expressed it—came into existence. It was directed
against those controlling the resources and attempted to construct an ethic of shar-
ing and equalization as well as of enforced monogamy. A papal ban against princes
was one means of stopping polygamy in the ruling European classes. The ideology of
monogamy with its prohibition against birth control was the most decisive step since it
removed the privilege of reproduction from the upper classes. Anyone who was capable
of providing nourishment for a family could sire offspring.

The division of property was less important, and such differences were eventually
tolerated by Christianity. Such an ideology leads to the situation in which there is
not a limited number of privileged families reproducing at a higher rate relative to
other classes, but one in which all levels of society reproduce. It remains to be es-
tablished whether the single wife in a monogamous society without birth control has
more children than those in polygamous societies. I believe it is possible but cannot
cite any figures for this. Perhaps this was a factor responsible for the great success of
Europeans throughout the world. The Hutterites of Canada can act as a model as to
how a group with a strict monogamy and no birth control achieves a higher birth rate
than other groups in the Canadian population. The question here is what sort of effect
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this pattern of behavior will have in the long term. Populations who obey an ideol-
ogy of reproductive egalitarity may experience a rapid increase in number over other
groups following other prescriptions. At the same time, however, the further evolution
of certain traits may be slowed down.?

Man is certainly the first being who consciously set goals. Some went as far as to
argue that Man, therefore, overpowered nature—that he emancipated himself from
the contraints of biology. But whatever man does will be measured by the yardstick of
selection. By striving toward a particular goal set by an ideology man directs his future
evolution and secures its course within certain limits against the unpredictabilities of
chance. However, it will always be selection that will decide whether his choice was
correct. Any kind of concept, even the ideas of an insane person, can influence the fate
of a people, for better or worse, just as mutations can in the realm of biology.

Today we are experiencing how selection is sifting out the newly established so-
cial and economic systems of the world according to their adaptiveness. We cannot
know the results of this experiment, but without doubt various goals have selective
consequences, and they may ultimately even influence biological evolution.

In the animal world, behavioral changes are the pacemakers of phylogenetic de-
velopment (E. Mayr, 1950, 1970). If an insect larva shifts to a plant species not yet
utilized by the species and becomes imprinted on the new host plant so that the imago
henceforth selects this host plant, this new preference will certainly result in other
adaptations in the insects’ life habits and anatomy. In choosing this new host plant,
the insect was placed under new selective conditions. For example, if the epidermis of
the new host plant is firmer, the insect may develop stronger mandibles for biting.

K. R. Popper (1973), in his “speartip theory” of behavioral evolution, independently
developed the same ideas as Ernst Mayr. He presumes that specific innate tenden-
cies (the avoidance of danger, search for food, etc.) are subject to mutations without
organs of the body being simultaneously affected. Any changes affect only the appa-
ratus controlling behavior—in vertebrates it is the central nervous system and not
the morphological structures that carry out the actions. These can be independently
altered by other mutations. Mutative changes in the mechanism’s guiding behavior
(Popper speaks of a “central tendency structure™) generally disturb the functions of
an organism less than mutations in structures executing behavior. It is easier to correct
maladaptive changes in the central tendency structure with compensating behaviors.

5 In this context some recent developments are of interest. D. R. Vining (1986) drew attention
to the fact that in modern society the less economically successful produce more children than those
better endowed. This leads to a decline of the IQ from one generation to the next in modem societies.
Presently this does not need to be a matter of grave concern, since such a trend might be temporary.
However, it might be useful to observe further developments.

6 Lower muscle fibers merge into the upper lip.

b Ekman organizes muscle actions as “action units.” Several muscles may be contributing to an
individual action simultaneously. He distinguishes a total of 58 units, including head and eye positions.
Included in the list are both those important action units for expressions in the narrower sense and also
some that will be discussed in the text later.
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New behavioral tendencies can determine further development. Popper cites changes
in feeding habits as an example and mentions in this context the classic Lamarckian
example: the giraffe. He is of the opinion that changes in the eating habits must have
preceded the anatomical neck modifications.

A Darwinian explanation can thus be found for the much discussed topic of ortho-
genesis (goal-directed evolution).

If a new goal, tendency, disposition, capability or behavior pattern develops in the
central tendency structure, this would influence the effects of natural selection in such
a way that previously maladaptive (but potentially favorable) mutations now become
adaptive ones if they support the newly developed tendency. This means, however,
that the development of the executing organs will be guided by this new tendency or
objective and is thus ‘goal-directed’ (K. R. Popper, 1973, p. 305).

Popper (1973) speaks of “promising ethological monsters” (see also p. 10), which
deviate markedly from their parents in their behavior and thus introduce new develop-
ments. Certainly a new development is more likely to be preceded by a new behavior
pattern than it is by a change in structure, since a new behavior is less likely to fa-
tally disturb the functioning of an organism as a whole and is also less likely to prove
lethal than a monstrous anatomical change. A new behavior pattern that takes advan-
tage of previously existing light-sensitive structures could significantly enhance their
selective value. Thus an “interest” in vision could become one of the key factors in
the orthogenesis of the eye.” In this way, according to Popper, changes in the goal
structure lead and the development of the anatomical-physiological structures follow.
“As the vitalists claim, the direction can actually be determined by a tendency simi-
lar to consciousness—by a goal structure or the capability structure of the organism,
which can develop a tendency or a ‘wish’ to use an eye, and an ability to interpret the
perceptions which it perceives from it” (K. R. Popper, 1973, p. 307).

I have referred to these concepts in some depth because I feel they are highly signifi-
cant for Man. What has been stated here does not only apply to genetically controlled
behavioral mutations. In the human sphere, new ideas, ideologies, and other mental
concepts, as stated earlier, can also become evolutionary pacemakers and determine
its future course. Developments like these lead to cultural delineations and thus initi-
ate separate developments, termed aptly “cultural pseudospeciation” by E. H. Erikson
(1966).

To what extent innate values channel the course of evolution will be discussed
later. There are indications that our concepts of “differentiated” and “higher” levels are
universal goal structures and thus determine our behavior (p. 659). Cultural evolution
is also strongly influenced by altruism, which does not appear to be exclusively a
product of culture.

" “Thus an interest in seeing could be fixed and may become a significant factor in the orthogenesis
of the eye; even the smallest improvements in its anatomy could have a high survival value if they were
utilized by the organism’s goal and capability structure” (K. R. Popper, 1973, p. 311).

36



With cultural evolution, mankind developed an adaptive mechanism that in histor-
ical times has no doubt exceeded the biological ones in importance. It is probable that
cultural changes in life style are followed by subsequent genetic modifications and there
are sound indications for this. Lactose tolerance is observed in the majority of adults
in peoples living on milk products—a trait lacking in hunter/gatherer societies. Pre-
sumably with the discovery of agriculture and the growth of the habit of drinking milk
as an adult, a corresponding genetic adaptation was selected for (L. L. Cavalli-Sforza,
1981; further citations therein). In general we have not changed much in our anatomy
in the last 20,000 years. And from the way we handle our culturally acquired knowledge
we may even assume that our basic behavioral outfit has remained the same. People
with the motivations and intellectual capacity of late upper paleolithic man are now
flying jet bombers and confronted with the task of surviving in anonymous society.

Since phylogenetic and cultural evolution are shaped by similar selection pressures,
cultural evolution phenocopies the biological evolution in many ways. Examples of this
are found in the comparison of cultural and phylogenetic ritualization (p. 439). The
same functional laws apply to both areas. Thus the rate of change or of mutation should
in neither case be excessive, for an excessive mutation rate is dangerous. Progress
depends on the balance achieved between the preserving “conservative” forces and
those promoting change. We stick to the proven, but experiment with change in small
doses. This is certainly “adaptive,” because it is improbable that the entire store of
cultural tradition should have lost its adaptive value from one generation to the next.

Our need for security makes us cling passionately to our “beloved” customs. It is
from this secure base that we experiment with new ideas and insights.

Summary 1.2

Living systems owe their organization to processes of adaptation through selection.
Adaptations are all structures which contribute to the survival of the individual in
question and ultimately to its survival in offspring or in short to its fitness. In their
adaptations, organisms mirror features of their outer subjective world relevant to fit-
ness. They represent sets of hypotheses about this world which were tested by selection.
Thus a fin of a fish, as well as the motor program for its use, both develop prior to
hatching within the egg, represent assumptions about the environment in which the
fish is going to live. As a prerequisite for adaptation to occur, an interaction between
the adapted organismic system and its environment must take place. During phylogeny,
variants of the phenotype, brought about by genetic changes, are tested by selection
as to their adaptedness and the genotypes for adaptive traits retained. This way the
organisms can be said to inform themselves in a process analogous to a trial and error
learning about its environment and that information is coded and stored genetically.
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Phylogenetic adaptation is supplemented by adaptation via learning and individual
experience, and, in humans, also via traditions. It is in the latter case that information
transfer occurs. Cultural evolution phenocopies phylogenesis in many respects, since
in both cases the shape of the resulting pattern is determined by selection. Customs
must prove themselves in order to be retained. We may, however, learn from failures
by eliminating customs without sacrificing the life of the individual at the same time.
Behavior patterns are often the pacemakers of further development in both cultural
and phylogenetic evolution. Cultural evolution has certainly proceeded in an unplanned
manner for most of human existence, and we tend to observe certain customs without
insight into their rationale since they have proved themselves beneficial.

Culture, because of its complexities, is difficult to plan, but by the setting of goals
its development can be directed.
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2. Basic Concepts of Ethology



2.1. The Concept of the “Innate”

A blue whale swims with fully coordinated movements immediately after birth. A
newborn gnu trots or gallops after its mother when danger threatens, and a freshly
hatched duckling waddles into the water, swims with no prior practice, sifts through the
mud for food, drinks, and oils its feathers without requiring any model or instructions
for these behavior patterns. Hatching the duckling’s egg among those of a hen’s brood
would not alter any of these typical duck behavior patterns. A duckling that hatched
with a brood of chicks would, quite contrary to its foster mother’s behavior, go straight
into the water.

These obviously innate propensities have long been known to behavioral scientists.
H. S. Reimarus (1762), Charles Darwin (1872), W. James (1890), and D. A. Spald-
ing (1873) discussed them and distinguished among them and those behavior patterns
that an animal acquires during the course of its lifetime through learning processes.
They also pointed out that such behavioral patterns do not have to be fully devel-
oped at birth. Some behavior patterns mature during the course of ontogeny. Thus,
freshly hatched male ducks show no trace of their species-specific courtship patterns.
Even if they are raised, however, in complete social isolation, they will nonetheless de-
velop these species-typical courtship behaviors. This simple distinction between innate
and learned behavior has proved itself of value in taxonomy. O. Heinroth (1910) em-
ployed courtship patterns as distinguishing characteristics in his detailed classification
of ducks. He used these patterns in just the same way as morphological characteristics
to correctly identify specific systematic categories. He found that homologous move-
ments were modified to a greater or lesser extent according to degree of relatedness in
different species and reconstructed the phylogeny of these movements, which he called
“arteigene Triebhandlungen,” species-specific instinctive behavior patterns. In addition
to the species specificity of the movements, the term “Trieb” refers to spontaneity
as a characteristic, a quality which we will discuss later. K. Lorenz and N. Tinbergen
(1939) spoke of “Erbkoordinationen” (fixed-action patterns) and emphasized that these
patterns are passed on through the process of inheritance. More specifically, we may
say that fixed-action patterns mature implying that the neuronal networks underlying
these behavior patterns grow to functional maturity in a process of self-differentiation,
according to the blueprint encoded in the genome of the individual. The processes by
means of which a nervous system gets “wired” for its function are basically understood,
due to the pioneering work of R. Sperry. Fixed-action patterns are frequently asso-
ciated with orientation movements (taxes) the combination of which form the more
complex “instinctive behavior patterns.”

40



Deprivation experiments have long been used to demonstrate the presence of in-
nate behavioral traits. This methodology has aroused a great deal of criticism. D. S.
Lehrman (1953) clearly formulated the argument in a critique directed against Lorenz.
Lehrman claimed that the deprivation experiment is meaningless because it is impos-
sible to deprive an animal of all environmental influences. In extreme isolation, an
animal is in an environment that influences it, even within the egg or uterus. As a re-
sult, it can gain experience and develop the preliminary stages of the behavior pattern
in question. He cites the observations of Z. Y. Kuo on the development of precursors
to pecking in the chick embryo. I have dealt at length with this and other experiments
in Ethology: The Biology of Behavior (1. Eibl-Eibesfeldt, 1975, New German edition:
7, 1987).

Lehrman also emphasized that the concept of the innate is defined only from a “neg-
ative” point of view by ethologists to mean that “which is not learned.” By pointing out
a true weakness in the concept of the innate, he made a positive contribution to the dis-
cussion of instinct. K. Lorenz (1961) rethought the concept in view of this criticism and
defined the concept of the innate positively on the basis of the origin of the adaptation.
All adaptations, whether behavioral or morphological represent hypotheses about this
world, which have been and which are constantly tested by selection. Some of these
hypotheses evolved during phylogeny, others culturally, and, finally, many develop by
individual experience, such as by trial and error learning or by insightful discovery. Ev-
ery adaptation reflects features of a world existing outside the individual, which means,
as stated in the previous section, that information concerning these features must have
been acquired by the adapted system. To acquire such information, organisms possess
three information storage reservoirs: (1) the genetic code; (2) individual memory; and
(3) finally, humans have language, the written word, and electronic storing devices,
which aid them in creating culture.

The term “innate” refers to phylogenetic adaptiveness. Deprivation experiments are
a means to discover whether a behavior pattern owes its adaptiveness to individual
learning or to phylogenetic adaptation. By withholding from the developing individual
information concerning those features of the environment which the individual reflects
in its adaptations, the possibility to adapt by learning is definitely excluded. If adaptive
behavior is shown, nevertheless, then we can say that the structure in question owes
its adaptedness to phylogeny.

Thus, if a developing bird is prevented from hearing its species-specific song during
ontogeny and later still performs the species-typical song, we have irrefutable evidence
that the underlying song pattern is based on phylogenetically acquired information,
which is genetically coded. The frequently voiced argument that precursors for specific
behavior may be found during ontogeny, and that environmental influences could play
a role in their development does not invalidate this statement. As I have emphasized
repeatedly since 1963, the concept of phylogenetic adaptation always refers only to
a specific level of integration. If I assumed the unlikely position that breathing move-
ments of birds were learned, yet the bird developed the species-specific song in isolation,
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might I then still maintain that this song is phylogenetically adapted? (In this case,
the breathing movements would then—so to speak—be the acquired building blocks
for the song.) Even if such a learning process as postulated here were fact it would
not alter our conclusion about the phylogenetic adaptation of the song, since it refers
to a different level of integration. The results of this postulated experiment would
nonetheless prove that the information concerning the specific patterning of the song
(here: melody, rhythm, and syllable formation) did not have to be acquired through
individual learning. The necessary information, therefore, which led to the adaptation
at this level, must have been acquired during the course of phylogenetic history.

For the same reasons we can state that the food caching behavior of the squirrel
is innate (phylogenetically adapted). Every squirrel hides nuts and acorns in the Fall
with a sequence of stereotyped behavioral patterns: it digs a hole, places the nut inside,
presses it firmly into the ground with rapid snout movements, covers the nut with earth
using alternating foreleg strokes, and finally pats the earth firm with its front paws.
This adaptive sequence is also carried out by squirrels which 20 grow up in complete
social isolation and which are completely deprived of any opportunity to handle solid
objects. The first time such squirrels are given nuts and the opportunity to bury them,
they will do so. They will still search for a hiding place on the ground, dig a hole,
and hide the nut using the behavior sequence described above. The stereotypy of the
movement sequence becomes particularly obvious in captivity, where inexperienced
animals will try to dig a hole in the solid floor of a room, where no hole can be
dug. They perform all the movements already described, covering and patting the nut,
even though there is no earth available; the preset program simply runs its course (I.
Eibl-Eibesfeldt, 1963).

Now, if someone were to discover that squirrels exercise during their embryonic
development some building blocks of this behavior, such as the coordination of antag-
onistic muscles, we could still, on the basis of our experiments, state that food caching
behavior owes its specific adaptiveness to phylogenetic adaptation. We are dealing here
with a particular level of adaptation requiring a highly specific prerequisite “knowledge,”
which in this case could not have been acquired during ontogeny under the conditions
of the deprivation experiment.

J. C. Fentress (1976) conducted a very radical deprivation experiment. Mice groom
their heads and snouts by stroking their forelegs from the back to the front over the
head, eyes, and snout and, thereafter, licking their paws. Newborn mice cannot yet
do this. Fentress amputated the arms of newborn mice and thus deprived them of the
opportunity to perform grooming behavior. When the developmental stage at which
mice clean their heads with their paws was reached, the deprived mice performed
grooming movements with the remaining stumps of their arms with the same timing
and actions that is characteristic of normal grooming. The mice even closed their eyes
when their paws would normally have covered them, and licked in the air, washing paws
that were not present. This experiment should certainly prove the existence of innate,
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phylogenetically adapted motor patterns, although I hope such radical procedures will
prove unnecessary in the future.

Surprisingly, these really rather straightforward relationships are even today still
misunderstood by many critics of ethological concepts, who monotonously repeat the
same old arguments. D. S. Lehrman (1970) is an exception, for he accepted the Lorenz’
(1965) arguments, although he emphasized that his interests lay in a different area,
namely, the detailed analysis of behavioral development rather than an investigation
as to whether a particular behavior pattern was phylogenetically adapted or not. We
feel, on the other hand, that it is precisely this question of phylogenetic adaptation that
constitutes the first decisive step in the investigation of ontogeny. The conclusion that
a behavior pattern is phylogenetically adapted does not mean that ethologists stop
here with their analyses and ignore problems of ontogeny. The usual admission by the
opponents of ethology that inherited components are important in sorting out behavior
patterns, and that both genes and environment contribute to behavioral development,
which no one has ever disputed, in general, serves only to obscure the problem. Someone
designates himself as an “interactionist” and in the same breath maintains that it is
impossible to disentangle the contributions of innate and acquired characteristics.!

It is especially with reference to the origin of specific adaptations that a researcher
can make binding statements.

At the turn of the century, biologists were already working on understanding the
processes of self-differentiation during embryogeny; H. Spemann received the Nobel
Prize for his study on the embryogenesis of organs in the newt. He showed that the
various tissues have a prospective potential. Of all possible ways that the tissues could
differentiate, the specific developmental pathway taken is selected by means of specific
chemical key stimuli called inductors.

If one transplants the eye cup of a newt embryo into the abdominal region, then
the epidermis above the eye cup will develop into a lens in the new location. Sub-
stances secreted from the rim of the eye cup trigger those processes which, from the
various genetically provided options, result in the development of a lens. They activate
“prospective potentials,” which are available as the result of phylogenetic adaptations.

Modifiability is limited; i.e., development is actually safeguarded against excessive
deviation from the norm. Neither the fact of polymorphism, nor the given range of
modifiability, nor an occasional uncovering of potentialities, which would normally
not be activated (p. 9), change the fact that the process of self-differentiation is based
on developmental instructions provided by the genetic code. This holds true for the
development of any organ or organ system, such as the nervous system, the liver, the
excretory system, and the sensory organs. In order to develop a retina or a kidney
glomerulus, a growing organism certainly requires a great deal from the environment
such as food, oxygen, humidity, and a certain temperature, but none of these “envi-

! Not to be confused with the baby schema (“kindchenschema”).
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ronmental factors” contain the information for the specific cytoarchitecture of these
tissues.

How strict the determination of the development of the nervous system is, can be
demonstrated by the investigations of R. W. Sperry (1945a, b, 1965, 1971). If a piece of
skin from the back of a frog embryo is transplanted to the abdomen, before the sensory
nerves have developed, this piece of skin is sought out by the growing nerve fibers and
innervated as if it were at its original site. Thus, if the frog is tickled on this ventrally
located back skin, the frog will still scratch its back. This and many other experiments
demonstrate a precise and prefunctional growth of neuronal networks and nerves on
the basis of genetic instruction. It seems as if selective chemical affinities determine
which cells make contact with which others. Likewise, the developing nerve fibers may
be matched to their target organs through specific chemical makeup of the organ (C.
S. Goodman and M. J. Bastiani, 1986; C. S. Goodman et al., 1984; J. Dodd and T. M.
Jessell, 1988; A. L. Harrelson and C. S. Goodman, 1988). Cultured nerve cells form
complex networks with fully operational connections between the cells, even though
there are no tasks for them to perform. Xylocaine suppresses all electrical functions,
yet organized neuronal networks do develop in xylocaine-treated cell cultures (P. G.
Model et al., 1971).

(continued) upon both) might be revived just because some behavioral scientists
have become interested in human behavior.” (R. C. Bolles, 1979, p. 29); “Genetic
heritage and instincts are obviously important elements in the organization of cerebral
mechanisms of behavior, but the age-old debate of nature versus nurture, its dichotomy
of percentages (50-507) and the possible existence of a unique nature are losing scientific
interest” (J. M. R. Delgado, 1979, p. 31). And the usually insightful R. D. Alexander
(1979a) writes: “For many years we have asked: Is this behavior learned or genetic?
Finally we are coming to realize that the answer is always both.”

Summary 2.1

The concept of the “innate” is no longer defined negatively as “that which is not
learned,” but positively according to the origin of adaptations. We consider behavioral
and perceptual faculties as being phylogenetically adapted if their organic-physiological
substrate (the nerve cells in their special connections with sensory and executing or-
gans) develops under genetic control in a process of selfdifferentiation to functional
maturity. The objection that such a distinction is theoretically possible but in practi-
cal terms unverifiable, because the animal is always under some kind of environmental
influence, can be answered with the fact that it is possible to withhold specific informa-
tion relevant to a specific adaptation. If the animal nonetheless performs the adapted
behavior, its phylogenetic adaptiveness is demonstrated. The statement is valid only
for a specific level of integration of the adaptation.
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2.2. Phylogenetic Adaptations in
Behavior

The survival of an animal depends upon many very different capabilities. It must
be able to feed, reproduce, and defend itself, for example. All this requires that it be
furnished with various programs which coordinate and guide behavior. The animal
must move through space and be able to interact with the environment. It must know
what to do and what to avoid. It must perceive and process stimuli and be so structured
that it can respond to specific stimulus categories with specific actions, for example,
to court a sexual partner, but to respond to a predator with flight, playing dead, or
defensive behavior. It must behave adaptively at the appropriate time, thus requiring
feedback circuits that signal deviations from physiological equilibrium (homeostasis).
Motivating mechanisms must ensure that the animal searches actively for prey, social
partners, resting sites, or inquisitively seeks new information. Preferences and aversions
must be built-in, just as complex regulatory systems that activate or stop behavior
at appropriate times are. Animals must be provided with the norms (central reference
structures) against which they can match their behavior.

In man, such norms determine what we perceive as “good” or “evil,” and these are
the basis of what we experience as “good” or “bad” conscience. Furthermore, animals
and human beings must be able to adapt their behavior individually to changing
environmental conditions. Adaptive modifiability of behavior through learning requires
complicated neuronal systems, which, for example, determine what is associated with
what and what constitutes a reward. The programs include information regarding
whether a species is typically monogamous, and when it should deviate from this
pattern, whether it lives in groups and develops hierarchies, follows incest taboos,
differentiates sex roles, and much more.

For these kinds of performances, animals and humans require a certain basic en-
dowment of phylogenetic adaptations, even if they are required to learn a great deal in
addition. These adaptations may be in the form of movements, like readily available
tools, existing as knowledge of specific releasing stimuli, and in the form of activating
mechanisms (“drives”). Naturally, movements or “drives” as such are not innate to the
animal. We have already stated that this term is used as a “shorthand” description,
and that the neuronal networks underlying the previously mentioned characteristics
grow by a process of self-differentiation to functional maturity. 23

How the neuronal network is “wired” for a particular function is, to date, known for
only a few behavior patterns (S. Goodman and M. T. Bastiani, 1984). It is only in a
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few invertebrate species that the generator systems underlying certain motor patterns
have been traced back to the neuronal level (G. S. Stent et al., 1978; J. C. Fentress,
1976). Analysis of data-processing mechanisms at the neuronal level have been carried
out by D. H. Hubei and T. N. Wiesel (1962, 1963), F. Huber (1974, 1977), and J. P.
Ewert (1974), to name only a few. I will not discuss these remarkable findings here
but must refer to my detailed presentation in Fthology: The Biology of Behavior. We
still know very little about the neuronal substrate which controls behavior.

Genes must not only control the differentiation of the neuronal networks underlying
instinctive behavior but they also control the development of the specific chemistry
by which particular neuronal networks are activated and which facilitate and inhibit
the activity of neurons in a specified manner, so that the sequence of behavior pat-
terns progress in the proper order. Studies in egg-laying behavior of the marine snail
Aplysia were the first to demonstrate how genes are involved. The investigators (R. H.
Scheller et al., 1982, 1983; L. B. McAllister et al., 1983; R. H. Scheller and R. Axel,
1984) localized a group of genes responsible for the development of a group of related
neuropeptides, whose ordered release controlled the appearance and sequencing of the
fixed-action patterns of egg-laying.

The claim that no one would ever be able to determine the genetic contribution to
the process of differentiation of behavior does not dishearten biologists. Although we
are certainly just at the beginning of such investigations, decisive breakthroughs have
already been achieved.

When studying behavior, we generally perceive the events and their dependence
upon controllable variables. We depict these changing relationships in systems (cyber-
netic) diagrams. They represent a level of reality, display the functional organization
(“Wirkungsgefuge”) of the system and its appropriateness at this level, and allow predic-
tions to be made that can be tested by experiment. Examples of such systems diagrams
can be found in the work of B. Hassenstein (1973a, 1983), E. von Holst and U. von St.
Paul (1960) (see also N. Bischof, 1975, p. 210).

When we distinguish between phylogenetic adaptation on the motor side, on the
receptor side, motivating mechanisms, learning dispositions, and so on, we must keep
in mind that, in doing so, we categorize and isolate parts from the functional whole. To
a certain extent, any of these aspects can be studied separately. I can thus investigate
the neuronal generator (drive) systems underlying a fixed-action pattern, or the basic
feedback circuits for constancy in visual perception, as individual entities.

We must, however, never forget that in categorizing adaptations we are dealing
with subsystems that must work with others in a functional whole. Although one can,
for example, study innate expressive movements and the innate releasing mechanisms
involved as independent entities, one must remember that they both operate within
the framework of a communicative system. We must also realize that we are far from
understanding the many physiological mechanisms underlying the programs controlling
behavior. We recognize specific innate dispositions, such as obedience to norms, but
we do not yet know in detail how they are constructed. Learning disposition as well as
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different “drives” can be based on quite different constructs. We conceive of them on the
level of functional categories of behavior 24 even though the mechanisms underlying
them may not be unitary at all (p. 162).

2.2.1. Fixed-Action Patterns and Instinctive
Actions

In his studies on the taxonomy of ducks, O. Heinroth (1910) found that he could
use courtship behavior for minute taxonomic classification, just as one does with mor-
phological structures. These patterns proved to be characteristic for each species, and
Heinroth called them species-specific instinctive behavior patterns (“ar- teigene Trieb-
handlungen’). The patterns were characterized by their constancy in form. They con-
sisted of distinct behavioral sequences that could be homologized within closely related
species. These motor adaptations have been investigated more closely since then, and
their innate character has been verified (for examples, see p. 21). They are known as
“fixed-action patterns.” Together with orientation movements, they comprise a higher
functional unit: instinctive behaviors (K. Lorenz and N. Tinbergen, 1939).

The term “/zxed-action pattern” may imply a strict rigidity, and this has led to
investigations on its variability. Measurements have been made of the time interval be-
tween the appearance of two behavioral patterns (R. H. Wiley, 1973) or the duration
of a specific pattern (J. A. Stamps and G. W. Barlow, 1973). However, such stud-
ies do not deal with the decisive characteristic of the form constancy itself. Because
the sequencing and the relative phase interval of the muscle actions involved remain
constant, a transposable movement configuration (“Bewegungsgestalt”) is established.
Thus the movement pattern is therefore always recognizable, even if the movements are
carried out at varying speeds or amplitudes. In this sense, a fixed-action pattern can
definitely have variability, but the relative phase interval of the muscle actions involved
remains constant. Variability results furthermore from the fact that several simultane-
ously activated movements can be superimposed upon one another (examples, p. 170;
ambivalent behavior).

In this connection it must be especially emphasized that while each fixed-action
pattern is form constant not every form constant movement is necessarily a fixed- action
pattern. Learned movement sequences can also be of a high degree of stereotypy and
thus, by their form constancy, attain the characteristics of a transposable configuration.
This is why handwriting patterns are unique for each individual person. Whether the
signature is written rapidly or slowly, its configuration remains constant. The criterion
of innateness must be met in addition to form constancy before we can speak of a
fixed-action pattern. This is often forgotten. Furthermore, fixed-action patterns are
also accessible to the modulating influences of feedback and experience.
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Since Erich von Holst’s studies (1935, 1936, 1937, 1939) we know that fixed- action
patterns in vertebrates are activated by spontaneously active motoric cell groups whose
neuronal activity is centrally coordinated. Thus even fully deaf- ferentiated nervous sys-
tems (those fully isolated from relevant input) can produce well coordinated impulses
and transmit them to the musculature. Eels with a completely deafferentiated spinal
cord can swim with perfect coordination. Comparable drive systems in invertebrates
have been recently investigated more closely. In many species, they have been found
to generate the movements of courtship, flight, walking, and swimming. Usually there
are feedback systems involved in the control of these movements. The studies by J. C.
Fentress (1976) and E. R. Kandel (1976) give good reviews of these questions.

Fixed-action patterns often combine with orienting movements to form higher 25
functional units, which we call instinctive behavior patterns (K. Lorenz and N. Tin-
bergen, 1939).! These building blocks of behavior can, in turn, combine with learning
processes to form still more complex functional entities (examples in I. Eibl-Eibesfeldt,
1975b, 1987).

Humans also display phylogenetic adaptations on the motor side. Heartbeat and res-
piration mature during the embryonic stage. The newborn baby has a broad repertoire
of functional movements, including vocalizations.

Premature babies can hold onto a stretched rope with their hands. Newborns make
walking movements when they are held upright and moved over a surface (see Figs. 2.1-
2.4). These primary walking movements are not under voluntary control. The babies
cannot vary the length of their pace. The legs so to speak run with them. If babies
are put on their belly into warm water, they move their arms and legs in a typical
quadruped movement coordination (diagonal walk). If they are placed on the mother’s
stomach immediately after birth, they can push themselves upward toward the breast
with their legs (Fig. 2.5). They have a special automatic searching movement (search
automism; H. F. R. Prechtl and W. M. Schleidt, 1950; Fig. 2.6), and without any
guidance they can grasp the nipple with their lips, begin sucking, and coordinate these
movements with their breathing so that they do not aspirate any liquid. There are
other movements that accompany sucking. For example, they clench their fists during
nursing, and use this grip to hold on when they grab something. They indicate their
satisfaction or dissatisfaction during nursing by vocalizations. Their vocal repertoire
is quite differentiated. A nursing baby has over five different vocalizations (apart from
different forms of crying), each with a specific function (M. Morath, 1977; Fig. 2.7):

! How the two components interact was demonstrated in the classical study by Konrad Lorenz
and Niko Tinbergen (1939) on the egg-rolling behavior of the graylag goose. If an egg is placed outside
the nest, the goose will retrieve it by placing its beak over it and rolling it back, balancing the egg
with the underside of its bill. If one removes the egg after the goose has started to roll it, the rolling
movements will continue in straight line to the nest without the balancing movements, which depend
upon continuous stimulation coming from the egg. These balancing movements are the orientation
movements (taxis component) of the instinctive act of egg-rolling. The rolling movement is the fixed-
action pattern of this act, which once triggered continues even in the absence of the triggering stimulus.
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a. The contact sound is an utterance lasting 0.1 second and is given immediately
after awakening. If the mother does not respond, the baby begins to cry. This sound
has a mixed frequency with an upper limit of 8 kHz.

b. The displeasure sound consists of a series of rhythmically repeated short utter-
ances of 14 seconds duration each. Each individual component resembles the contact
sound. This sound signals displeasure to the mother during certain specific interactions,
such as when she cleans the baby’s nose.

c. The sleep sound is made at intervals of about 15 minutes during sleep; it signals
well-being. Each sleep sound lasts about 0.3 second and shows a mixed frequency with
an upper limit of about 0.3 kHz. This pleasant sound is most often heard when the
baby changes its position during sleep. If the baby remains quiet for an extended period
of time, the mother will check for the cause of this silence, yet she responds without
even knowing why.

d. The drinking sound is a rather pure tone lasting 0.2 second with overtones as high
as 8 kHz. It is uttered rhythmically with drinking, especially when the child nurses. It
signals that all is well.

Figure 2.1. The handgrasping reflex of a newborn. From Sie und Er, 1967, p. 36.

Figure 2.4. Diagonal movement coordination of a crawling newborn (after M.B.
McGraw, 1943).

Figure 2.3. Primary stepping movements in a newborn. From Sie und Er, 1967, p.
36.

Figure 2.2. Footgrasping reflex of a newborn. From Sie und Er, 1967, p. 36.

Figure 2.5. A newborn baby with the umbilical cord just cut, can crawl forward
across its mother under its own power. Photo: S. Austen.

e. The contentment sound is a pure tone with overtones up to 5 kHz and a duration
of 0.3 second. It is sometimes repeated at 0.5-second intervals. The sound signals well-
being and satiation.

There are a large number of highly specific reflex movements, which have been
utilized in clinical diagnoses because they are typical for specific maturational levels
and health of a baby (H. F. R. Prechtl, 1958; Fig. 2.8).

If a baby is held on its back on one’s hands and then dropped for a short distance, the
baby spreads its arms out and then pulls them back over the chest (the Moro reaction;
Fig. 2.9a, b). The baby will only do this if it is not already holding something. If
the baby was holding something before being dropped back, it tightens its grip. The
newborn baby exhibits a number of expressive movements, and its responsive behavior
will be discussed below.

Babies also rub their eyes in a rather stereotyped fashion, which I have never seen
described elsewhere. They rub their closed eyes with the backs of the fingers, especially
the index and middle fingers, and the back of the hand, moving them from the outer
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toward the inner edge of the eye and occasionally rubbing back and forth several times.
In this way, the baby avoids scratching its eyes. We retain this eye-rubbing behavior
for life. This was observed in babies of every culture we studied (Figs. 2.10, 2.11), and
not once did I see a baby accidentally poke itself in the eye with its fingers.

Infants also react to the taste substances that produce “sweet,” “sour,” and “bitter”
sensations with specific facial expressions. This is important since they must be able
to signal to the mother whether something tastes good or not and what sort of flavor
quality they are perceiving. The fact that even anencephalic babies display these reac-
tions proves that these are not individually acquired facial expressions (J. E. Steiner,
1973, 1974, 1979).

Figure 2.6. Rhythmic nipple searching behavior (search automism) (after H.F.R.
Prechtl, 1953).

Figure 2.7. Spectrogram of a baby’s vocalizations as described in the text. From M.
Morath, 1977.

Moro reaction Doll-eye reaction Glabella reflex Oral search reflex Sucking reflex
Handgrasping reflex Footgrasping reflex Magnet reflex Escape reflex Generalized
stretch reflex Alternating stretch reflex Side position reflex (vojta) I Placing reaction
Reflex walk Automatic reaction Galant reflex Spontaneous crawling (Bauer refl.)
Tonic labyrinth reflex (TLR) Symmetrical tonic neck reflex (STNR) Asymmetrical
tonic neck reflex (ATNR) Labyrinth placement reflex (LSTR) Neck placement reflex
on the body Body placement reflex on the body Body placement reflex on the head
Amphibian reaction Landau reaction Readiness to jump Equilibrium reactions

Prone position

Supine position

Four-footed stand

Supporting reaction while sitting Forward

To the side

To the back

Figure 2.8. The diagnostically important reflexes of the newborn. From A. Vossen,
1971.

A series of behavioral patterns mature during the course of development. This can
be verified by studying humans under specified conditions of sensory deprivation. I
have investigated children born deaf and blind. These individuals grow up in eternal
darkness and silence. They can never perceive their companions’ facial expressions nor
hear their voices; yet they develop their facial expressions sufficiently for us to recognize
the basic expressions. Deaf and blind children 30 smile when the mother caresses them;
they laugh during play, cry when they hurt themselves, and emit all the appropriate
sounds while doing so. When angry, they frown and clench their teeth. They even
stamp their feet in rage, just like any angry person would do (I. Eibl-Eibesfeldt, 1973a,
b; Figs. 2.12-2.14).
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Figure 2.9. (A) The Moro reaction in a newborn Eipo baby. Photo: W. Schiefenhbvel.
(B) The Moro reaction in a newborn European baby. The reaction is elicited when the
person holding the baby with the hand lets the baby fall back slightly. From A. Vos-
sen, 1971.

To the objection that these children could have learned these expressive behaviors
by touching their mother’s face and thus acquire the necessary information to perform
appropriately, I would reply with the observation that even deaf and blind thalidomide
children, who could not raise their arm stumps, display these typical facial expressions
as well.

The facial expressions of deaf and blind born children are certainly less refined than
those of sighted children. But essentially this could be due to the fact that many of the
differentiated expressions are activated visually and acoustically during communica-
tion with others, and these channels are closed to these deprived children. In support
of this contention is the astonishing cross-cultural correspondence of many facial ex-
pressions, even in fine detail. The eyebrow flash is an example (p. 118). For many
universally occurring expressive behavior patterns we find homologies in anthropoid
apes, for instance, the open mouth face (pp. 135 ff.) and pouting (p. 461). When we are
frightened we raise the shoulders (Fig. 2.15). This neck-shoulder reaction is an innate
protective response with which we protect the vulnerable carotid area of the neck from
injury.

There is also a head protective response, in which one or both hands are placed
over the head, with the palms down. We observed this in fear situations, particularly
when a person was afraid of having his head struck. Crying children often lay one hand
over the head as if they want to protect themselves from blows (Figs. 2.16, 2.17). This
is practically an automatic reaction, even if there is no threat of blows. Many of the
expressive movement patterns are fixed-action patterns. More examples will be given
in a later section (6.3.1).

Figure 2.10.

(a) to (i) Crying Yanomami baby, who rubs its eyes with the back of its hands.
Sometimes the fist is clenched during the eye-rubbing. From a 25 frames/second 16
mm film, frames 1, 3, 5, 9, 11, 22, 25, and 28 of the sequence. Photo: I. Eibl-Eibesfeldt.

Figure 2.11. (a) to (f) Sleepy Himba baby rubbing its eyes with the back of the
hand. From a 25 frames/second 16 mm film, frames 1, 8, 13, 19, 26. and 38 of the
sequence. Photo: 1. Eibl-Eibesfeldt.

2.2.2. Phylogenetic Adaptations in Perception:
Innate Recognition

Perceptual tasks must satisfy various demands. Animals and humans must move in
space and be able to determine which are solid obstacles and which move in relation
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to themselves. They must not only be able to perceive objects but also react to them
adaptively, depending on whether the object is, for example, a predator, prey, or a sex-
ual partner. Furthermore, perceptual skills must take into account different locations,
distances, and light conditions, all of which require complex assessment mechanisms.
These and a wealth of other data processing mechanisms are at our disposal and many
of them are available as phylogenetic adaptations.

Figures 2.18 to 2.20 each show two identical pictures, in which one represents the
other rotated 180°. We interpret these “landscapes” differently because our perception
operates under the assumption that the light comes from above. That objects are
normally illuminated from above and thus cast corresponding shadows is something
we experience anew each day.

We might assume that perceptual capability is derived from individual experience,
but perhaps this is not the case at all. R. Dawkins (1968) showed that unfed

Figure 2.12. Three facial expressions of a 10- year-old girl, deaf and blind from birth,
(a) Neutral; (b) smiling; (¢> crying. From a 16 mm film. Photo: I. Eibl-Eibesfeldt.

(a) The same girl as seen in Fig. 2.12 expresses anger by biting into her hand, 3-
day-old chicks preferred pecking at three-dimensional objects (semispherical nailheads).
They also preferred photos of such objects over two-dimensional flat objects if the
objects were arranged so that their illuminated side was on top. This preference is not
based on the individual experience that objects (feed corn) are illuminated from above.
Even chicks that Dawkins raised in cages illuminated from the bottom preferred the
pictures of nailheads lit from above, quite contrary to their personal experience with
lighting. They obviously responded on the basis of phylogenetically acquired experience
that light falls from above and perform on the basis of this assumption; the contrary
individual experience did not alter their response at all.

(b) Expression of despair after being left alone. After an angry protest she clasps
herself (anger mixed with fear). From a 16 mm film. Photo: I. Eibl- Eibesfeldt.

Figure 2.14. The warding-off gesture in the previously shown girl. From a 16 mm
film. Photo: I. Eibl-Eibesfeldt.

Figure 2.15. Neck-shoulder reaction of an Eipo man who is startled and frightened
by a rubber spider. From a 50 frames/second 16 mm film, frames 1, 24, and 30 of the
sequence. Photo: 1. Eibl-Eibesfeldt.

Figure 2.16. Head protection reaction of a crying Balinesian boy. From a 16 mm
film. Photo: 1. Eibl-Eibesfeldt.

Figure 2.17. (a) to (d) Head protection reaction of a crying G/wi Bushman boy.
From a 25 frames/second 16 mm film, frames 1, 16, 40, and 56 of the sequence. Photo:
I. Eibl-Eibesfeldt.

Apparently there is some kind of perceptual bias based on phylogenetic adaptation
in the perceptual apparatus. This enables an animal to interpret specific environmental
stimuli and respond to them adaptively (that is, so that normally fitness is augmented).
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This prior knowledge has been investigated experimentally in many different ani-
mals. It guides spatial and object orientation and permits an animal to recognize cer-
tain contingencies innately and to respond to them with a preset program. Crickets,
for example, recognize their individual species courtship and rival songs; their infor-
mation processing mechanisms have been minutely analyzed down to the neuronal
level (F. Huber, 1977, 1983). Moths react specifically to sex pheromones (D. Schnei-
der, 1962; K. E. Kaissling, 1971) and coral fishes respond to the color patterns and
markings of their conspecifics. Most of these fish could not have gained this knowledge
in the course of their development, because they mature from the egg far away from
their parents among the marine plankton. Only after the larval stage do they reach the
coral reef, which is inhabited by a multitude of species. They must already know which
fish to court when they are sexually mature and which to fight. In all these cases the
animals apparently have data processing mechanisms that act like stimulus filters and
are interconnected with the motor systems so that specific behaviors are elicited by
specific stimuli. We call these “innate releasing mechanisms” (IRM; Tinbergen, 1951).
These mechanisms are specialized unilaterally for specific perception, e.g., enemy or
prey objects. The triggering stimuli are called key stimuli. In the case of intraspe-
cific communication and interspecific symbiotic situations it is not only advantageous
for the animal perceiving stimuli to react adaptively, but just as important that the
partner involved be understood appropriately. Thus, in the service of communication,
reciprocal adaptations took place and special signals evolved, such as the color pat-
terns in coral fish. We use the term releasers for such signaling devices. One particular
category of releasers are the expressive movements. These are behavior patterns that
have been especially differentiated for the sake of communication (see Ritualization).

Figure 2.18. Both pictures are identical. However, depending on orientation (appar-
ent shadow), we perceive the upper picture as a depression and the lower (which is
actually the same picture rotated 180°) as a mound. Drawing: H. Kacher.

Figure 2.19. Depending on the orientation of the picture, we perceive one as a steep
slope on the left terminating in a plain on the right, or a plateau on the left meeting
a drop-off on the right. From Umschau in Wissenschaft und Technik (1972).

Figure 2.20. Spanish landscape, in a normal viewing position and rotated 180°.
Again, we interpret the landscape completely differently due to our assumption that
light comes from above. Photo: I. Rentschler from H. Schober and I. Rentschler (1979).

Key stimuli and releasers generally activate very specific behavior patterns, as for
example those of escape, prey catching, courtship, or fighting. Conspecifics are senders
of signals, which elicit quite diverse kinds of behavior. Of course, they do not send all
their signals simultaneously. However, it does occur that releasers can activate opposing
behavior patterns simultaneously, for instance, those patterns for seeking contact and
those for defense. This often leads to conflicts.

Releasers can be imitated by models used in experiments. Male European robins re-
act aggressively to the red breast feathers of rivals. The same reactions can be elicited
by mounting a tuft of red feathers on a branch in the robin’s territory. Models can be
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used to increase the effects of a natural releaser and thus create a supernormal stimu-
lus. Finally, a behavior pattern can be elicited by a number of separate characteristics
of an object. When these key stimuli are presented individually, responses of a certain
strength result. But when several such stimuli are presented simultaneously, their re-
leasing effects can be additive (further elaboration on this topic, especially regarding
experimental data, is found in Fthology: The Biology of Behavior).

What is the situation in humans? Can we also confirm a preset knowledge, a capacity
of innate recognition?

Let us begin with the simpler processes of perception. Gestalt psychology has pro-
duced a wealth of interesting insights in this area. The experimental investigation of
visual perception led to the formulation of various laws of vision, which in principle are
universally valid. Various cultural influences, as far as is known, result in only minor
changes. Furthermore, it was found that certain phenomena, such as Pragnanz (i.e.,
our preference for simple but meaningful figures, pp. 42, 46) or categorical perception,
are “transmodal” in that they are found in other sensory modalities besides vision.

Experiments conducted by Gestalt psychologists were never done with visually in-
experienced individuals. However, the fact that environmental data were in principle
processed in identical ways everywhere (so as to result in similar illusions and mis-
judgments) suggests that innate programs are involved. This assumption is reinforced
by the fact that visual illusions persist even in the face of contrary experience. If a
moonlit sky is partly cloud-covered, we have the impression that the moon is moving
across the clouds. We know, of course, that in reality the clouds are moving across the
moon, but we do not perceive it as such. Our perceptual apparatus forces this illusion
despite our knowledge to the contrary. Our perceptual mechanisms proceed from the
fact that objects normally move across a stationary background, and this assumption
has been proved to be accurate on earth. Animals and humans move against a station-
ary background, and it is essential for survival that moving objects be recognized as
such without having to reflect on them, since they could be enemies or prey. In the case
of the moon, in contrast, it is now the background (the clouds) that moves and not the
object itself, and this leads to our false interpretation. The fact that we continue to be
deceived supports our contention that we are dealing with a phylogenetically pre- 38
programmed perceptual process.

If we observe two equally long lines meeting at right angles (one vertically, the other
horizontally), we tend to overestimate the length of the vertical one. If we look down
from a 2-meter high wall, this distance appears to us longer than the same distance in
the horizontal. This is important for a heavy, climbing mammal, because it warns the
animal of the danger of falling and reduces the likelihood of it carelessly leaping down
from a great height. G. J. von Allesch (1931) referred to the “non-Euclidean” structure
of our spatial assessment of phenomena.

In the Miiller-Lyer illusion (Fig. 2.21A), the vertical with outward diverging lines
appears to be longer than the other one. We persist in this perception despite our
knowledge to the contrary. We estimate object size by its relationship to neighboring
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objects (Figs. 2.21B C, and D), which is probably related to our capacity for perceiving
constancy (R. H. Day, 1972). We thus can recognize objects of equal size as such at
varying distances.

Size constancy is based on several parameters. Our perception utilizes converging
optical axes with binocular vision and accommodation. As we move our head, the
apparent motion of an object against its background is used to determine the object’s
distance from us, even if we use only monocular vision. Closer objects appear to move
faster in the opposite direction than do distant ones (movement parallax). Binocular
vision has the advantage of stereoscopic perception, enabling the retina to perceive
three-dimensional objects in both the right and left eyes. Other criteria for depth
perception include air opacity (illumination perspective) or albedo, linear (geometrical)
perspective, and texture gradients.

Texture gradients can be used in two-dimensional drawings to give the impression
of depth and thus an estimate of relative distances between objects in such pictures.
Thus, the two identical human figures in Fig. 2.21C (C and D) appear different in size,
because the upper person is perceived as further into the background. In contrast, the
people in A and B also look approximately the same size (but are actually different)
for the same reasons.

Geometrical illusions are basically distance illusions. The mechanisms which have
evolved for the perception of object constancy can be deceived in artificially constructed
situations. Other illusions operate in a similar way. Day summarizes this as a general
rule as follows: “. . . any stimulus which serves to maintain the perceptual constancy of
a property of an object as the visual representation of that property varies will, when
independently manipulated with the retinal image not varied, produce an illusion” (R.
H. Day, 1972, p. 1340).

It is not known which of these criteria are used as a result of individual experience
and to what extent phylogenetic adaptations prepare us to perceive depth. Depth
perception has been demonstrated in infants at an early age, and in some animals
there is experimental proof that this capacity is innate.

If a table is covered with a thick glass pane projecting far beyond the table’s edge
and under it lies a cloth with a checkerboard pattern stretching downward and spread
out on the floor beneath the glass, freshly hatched chicks and newborn lambs will avoid
walking across this visual cliff. E. J. Gibson and R. D. Walk (1960) placed 36 infants
(ages 6-14 months) on a small cushion right at the borderline of the table and the
visual “cliff” and had their mothers call to them. Nine infants stayed on the cushion.
Of the 27 who crawled to their mothers, 24 clearly avoided the drop.

If 8-week-old infants who cannot yet crawl are placed right over the visual cliff, their
pulse rate slows; when they are back on the tabletop their pulse accelerates (J. Campos
et al., 1977). Clearly, infants at this early age can perceive apparent depth differences.
One would expect their pulse rate to increase, however, above the visual cliff, if the
babies were afraid of being there. The decrease in pulse rate suggests that the new
situation merely elicited heightened awareness by the infants and not fright. On the
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shallow side the infants were in a familiar situation whereas they had never before
been above a visual cliff. These studies demonstrate that depth perception is present
early in life and, as other investigations have shown, is probably innate in humans. J.
Campos et al. (1977), on the other hand, consider that the fear of falling is acquired.
Only one-third of the children in his tests, who had reached the crawling stage, avoided
the visual cliff. The others crawled right over it when their mothers called to them.
But this does not prove that the perceptual process involves individual learning, for a
maturational process could have been involved.

Figure 2.21(A). The Miiller-Lyer illusion. Both verticals are the same length, but
we perceive them as different.

Figure 2.21(B). Equality illusion. The central circle enclosed by smaller ones looks
larger than an equally sized circle surrounded by the larger ones.

Figure 2.21(C). Size illusions created by the size of neighboring objects and their
spatial configuration, illustrating their significance for size constancy perception: dis-
tance in twodimensional pictures is suggested by height of an object, size gradient, and
frequency of nearby objects. These criteria determine an estimated distance by means
of which we judge the height of an object. The human figures in A and B appear to
be approximately equal in size despite their true discrepancy, because the smaller one
is seen in its higher position in the picture and in the context of nearby objects. Size
illusions arise when key objects of one size do not vary but the signals of distance do
(as in C and D). Thus the higher human figure in C (and to some extent in D) appears
to be much larger than the lower one, although they are identical. From R.H. Day
(1972).

Figure 2.21(D). The Miiller-Lyer illusion is one of perspective. The left-hand figure
suggests the far corner of a room and is perceived as having a higher vertical than
the right figure, which looks like the near corner of a room. People living in rooms
are more susceptible to the Miiller-Lyer illusion than those who do not. Appropriate
experience thus reinforces a basically universal kind of visual information processing
(see Fig. 2.22). From Schober and I. Rentschler (1979).

The contradicting results of the different experimenters find an explanation in the
more recent investigations by N. Rader, M. Bausano, and J. E. Richards (1987) and
J. E. Richards and N. Rader (1981). Infants in a walker fail to avoid the visual cliff.
Infants who would avoid the visual cliff when crawling, will cross the visual cliff in a
walker. When in a walker, the infant seems to act as if held and guided by a caretaker.
Cliff avoidance of the infants was dependent on the age when the infants started to
crawl. Babies who crawled prior to the age of 6.5 months crossed the cliff. They start
with tactile orientation and continue to do so. In contrast, those infants who start to
crawl after age 6.5 months are visually oriented from the beginning and respond to
the visual cliff even though they have less crawling experience (N. Rader et al., 1987).

If we briefly project a single spot of light against a wall in a dark room and replace
it by an identical spot displaced along the horizontal to the right we perceive the
illusion of motion. Our built in hypotheses assume that the spot moved to the right. If
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an object disappears behind a screen, we still know that it is there. According to the
classical theory, the baby learns this by manual exploration of what is hidden behind
the screen. T. G. Bower (1971) covered objects in front of a baby with a screen for
different periods of time. When he removed the screen and the object was still there
the babies did not show any signs of unrest. However, if the object had disappeared,
the infants appeared restless provided the time interval was not too long. In babies
as young as 20 days old, the heart rate increased significantly when the object had
disappeared. In further experiments, Bower found that 8-week-old babies anticipate
that an object disappearing behind a screen, by its active movement, should appear
on the other side. If it fails to appear or if it appears too fast the babies behave in an
irritable manner. It does not matter, however, at this age, if the object changes. If a
ball disappears behind the screen and a cube reappears, the baby is not disturbed as
long as the movement pattern fits. The object identity might be learned.

Two-month-old infants can already recognize identical objects in various spatial po-
sitions and distances. If they are offered a cube measuring 30 cm/side at a distance of
1 meter and a cube 90 cm/side at a distance of 3 meters (thus with identical retinal
image size), the infants successfully differentiated between the two cubes. The task
consisted of working an electric switch in the pillow with their heads when the appro-
priate reinforcer was seen, for which the subjects were rewarded by the appearance of
a person who smiled (T. G. R. Bower, 1966). If one conditioned the children with a
30-cm cube at 1-m distance as the positive stimulus, then they recognized it as the
same object at the 3-m distance, even though the retinal image site differed.

Experience no doubt plays a role in depth perception and object constancy. Nonethe-
less we can assume that infants possess an innate capacity for a rough, approximate
orientation.

The finding that similar illusions are experienced in different cultural groups is
in favor of this interpretation, although the amplitude of the response varies due to
local experience. The Miiller-Lyer illusion and the horizontal-vertical illusion have been
verified in a number of different cultural groups (Fig. 2.22).

Inhabitants of open terrains are less responsive to the Muller-Lyer illusion and
the horizontal-vertical illusion than those of urbanized environments where vertical
and horizontal lines are more prevalent (M. Segall et al., 1966). This explains the
difference in the graphs for Europeans and non-Europeans in Fig. 2.22. With respect
to the horizontal-vertical illusion, the Banyankole are an exception. That perception
is influenced by ecological conditions has also been shown by V. M. Stewart (1973).
Urban blacks in Zambia were found to be more sensitized to the illusions than those
living outside cities. No differences were found between black and white people living
in cities in the United States.

Gestalt psychologists formulated a number of laws that operate for non-European
as well as European cultures (S. Morinaga, 1933; T. Obonai, 1933, 1935; T. Obonai
and H. Hino, 1930). According to the laws pertaining to figure and ground, a picture
is organized into two components, a figure (in the foreground and sharply resolved)
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and a background (more diffuse). The recognition of the figure against the ground is
the active process of our perception mechanisms, as illustrated by the Rubin cup. If
the cup is white, we initially perceive the profiles, which are resolved as dark against
a white background. If the cup is black, then it is the first to be perceived (Fig. 2.23).
After a few seconds, however, we perceive the profiles by means of a shift of attention,
which will be discussed later. Artist Maurits Escher uses this perceptual principle in
many of his works.

Our perception organizes the incoming sensory data in such a way that we perceive
wholes rather than isolated parts and that our perception tends toward the simplest
form (principle of Pragnanz). Thus, two rectangles which overlap crosswise are per-
ceived as a cross and not as five rectangles. The main laws by which this perceptual
organization takes place are similarity, proximity, and closure. Similarity refers to the
tendency to group like-stimuli, such as dots, together. According to the law of proxim-
ity, neighboring points or lines are joined into a unified figure sooner than distant ones
(Fig. 2.24). If the far ends, of what appear to be converging lines, are joined in Fig.
2.24, an entirely new shape is discerned. Enclosed objects are perceived as figures (law
of closure; Fig. 2.25). We also combine similar elements into a unified configuration
(law of similarity).

The law of experience operates when we recognize known objects in accidental con-
figurations (such as animal shapes in the clouds). I would add that this phenomenon
involves more than just individual experience. Our tendency to phys- iognomize (to
perceive specific expressions in random patterns) is probably based on innate releas-
ing mechanisms (IRMs, p. 55). This is an example of a priori knowledge based on
phylogenetic experience—the biases of our perception.

One characteristic of Gestalt perception of particular importance is the tendency
toward Pragnanz: out of a mass of unordered, irregular formations we can recognize
primary configurations because of their regularity and order (law of the good figure).
Max Wertheimer (1927) found that if we view slightly asymmetrical or distorted figures,
such as a triangle missing one comer, in a tachystoscope for fractions 42 of a second,
we tend to perceive the objects without these irregularities. The missing comer of the
triangle is replaced perceptually, and the asymmetrical shape becomes symmetrical.
We not only even out irregularities, we also tend to exaggerate certain key charac-
teristics of configurations. When subjects are asked to recreate from memory shapes
seen previously, they tend to exaggerate certain characteristics or to make these more
uniform than they were before (Fig. 2.26). A zigzag line becomes steeper when drawn
repeatedly. In the reproduction of a given shape, the following tendencies occur: (1)
symmetry increases; (2) the figure is simplified; (3) subdivisions are enhanced; (4) in-
compatible details are isolated; (5) borderlines are joined; (6) similar components are
repeated; (7) oblique lines are straightened.

Figure 2.22. Frequency distribution curves showing the percentage of subjects sus-
ceptible to the MiiHer-Lyer (a) and horizontal-vertical (b) illusions as line lengths were
changed. In the first example, most subjects perceive the line with outward diverging
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ends as longer. If the other line is lengthened, fewer people are responsive to the illu-
sion. The same process occurs with the horizontal-vertical illusion. Initially the vertical
line is perceived as longer (that is, when both are actually equal in length). If the hor-
izontal line is lengthened, the percentage of people identifying the vertical as longer
is reduced. The distribution curves in various cultures are similar but not identical.
The Banyankole and Bete are African tribes (see text). (A) Solid line, Europeans (7V
= 251); dashed line, non-Europeans (7V= 1103). (B) Solid line, Evanston (N= 198);
dashed line, Banyankole (A = 261); dotted line, Bete (7V = 79). From M.H. Segall et
al. (1966).

All these modifications increase order, simplicity, and completeness. The tendency
for creating order is so strong that it will produce order even where none exists. W.
Metzger spoke metaphorically of the “love of order of our senses.”

This love of order is reflected in children’s behavior, for they will arrange blocks on
the basis of color even before they are able to speak; they correctly complete segments
cut out of figures (Fig. 2.27), and protest when a missing piece is wrongly completed.

D. Dorner and W. Vehrs (1975) gave subjects the task of arranging red and green
squares on a grid board so that they would present either a pleasing or not so pleasing
arrangement. The experimental results yielded distinct differences between pleasing
and displeasing arrays. The pleasing ones displayed crosses, parallel rows, and other
geometrical figures (Fig. 2.28). Apparently we are satisfied es- thetically by discovering
orderly relationships within originally disordered configurations.

Figure 2.24. Law of proximity. The lines closer together are combined perceptually
and look like converging beams.

Figure 2.23. Rubin’s cup. The dark cup contrasts against its white background, and
the two light profiles are only discovered later. If they were dark, the profiles would be
seen first, as figures against a white background.

Figure 2.25. If we join the far lines together, they appear to be united configura-
tionally (law of closure).

Figure 2.26. Leveling and exaggeration: (a) and (d) show slightly asymmetrical
deviations. Reproducing them from memory will result in either symmetrical drawings
(leveling) (b,e) or exaggeration of asymmetry (c,f). From S. Ertel (1981) after Ar-
menheim (1956).

Figure 2.27. Tendency toward completion of shapes in the direction of more perfect
figures. From S. Ertel (1981).

Figure 2.28. Displeasing (a) and pleasing (b) grid board configurations. The ar-
rangement of field (b) exhibits various configurations of order. From D. Dbrner and
W. Vehrs (1975).

Figure 2.29. The Necker cube (a) and the stairway illusion (b) can be seen to oscillate
between alternative perspectives.

Figure 2.30. The automatic structuring processes of our perception. In 2- to 3-second
intervals the perceived pattern changes; our perception interprets relations, discards
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them, and reinterprets, which causes the whole pattern to “simmer” from the competing
interpretations. After J. Marroquin from D. Marr, 1982, p. 50.

The active performance of Gestalt perception becomes evident in a phenomenon
called “reversible figures.” If we look at the Necker cube, we first see one of the squares
as the front side of the cube and the other as the rear side. After 2 or 3 seconds, however,
the rear square appears to become the front surface. Our perception is constructed in
such a way as if we were asking, “What else can be seen here?” (E. Poppel, 1982; Figs.
2.29a, b). The same phenomenon of autonomic structuring processes of our perception
can be observed in Fig. 2.30.

Our ability to abstract configurations is the basis of our capacity to categorize
visual objects in the environment. We construct schematic representations, acquired
schemata—of trees, houses, people, dogs, etc. Without this organizing ability we would
be unable to cope with the environment. Small children utilize this capability when
they say "Wow wow” to a dachshund, for example, a type of dog they have never
seen before. Repeated perception of similarities permits the recognition of invariant
structures and thus the formation of perceptive schemata.

In a remarkable investigation, S. Ertel has shown that this tendency toward Prag-
nanz also exists in the highest cognitive functions of humans; and it is even reflected
in language behavior.

The organism begins with the phylogenetically programmed hypothesis that there
are regularities in nature, and that they can be discovered (S. Ertel, 1981):

On all levels the organism expects regularities—permit me the comparison—like a
spider waiting for flies in its web. Invariance is the primary hypothesis, which—from
the viewpoint of perception in the narrow meaning of the term—is developed to a great
extent prior to any previous experience. Perceptual Pragnanz or conciseness operates
when there is no information to the contrary preventing the primary hypothesis to be
used. Generally the invariance hypothesis is adequate for most experiences. The laws of
vision, according to which objects are seen so redundantly under certain circumstances,
lead generally to the best representation of reality (pp. 123-124).

This pressure to conform can also lead to errors. The geocentric world view is a
classic example. “Disruption of configurations and liberation from the primary percep-
tual organization does not mean: the abandonment of the perceptual level (as some
abstract artists do constantly), but rather: the recognition of disturbed planetary epicy-
cles, small spots on the sun, irregular peaks and deflections in scientists’ measuring
devices, and the searching out of asymmetries and anomalies, which may lead to the
dissolution of some of the good old ideas and thus lead to a better understanding
at a higher level” (S. Ertel, 1981, p. 124). K. Lorenz used to say that it belonged
to a scientist’s virtues to be prepared to throw some pet hypothesis overboard each
morning.

S. Ertel illustrates tendencies toward Pragnanz in language behavior with a number
of quotations:

1. Mao Tse-tung
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The world moves forward and the future is brilliant; no one can alter this general
tendency of history.

2. Hitler

They will not conquer us militarily, economically or spiritually. Under no circum-
stances will they experience a German capitulation.

3. Communist Manifesto

To date, the history of all societies has been the history of class struggle.

4. Mohammed

Are not those who would make a distinction between Allah and his messengers and
who say: we believe in some and not in others and want to choose an intermediate
path between them: these are the true nonbelievers, and for these nonbelievers we
have prepared horrible punishments.

These quotations vary in content but according to Ertel all utilize the same train
of thought: world development cannot be stopped; the armies cannot be defeated; his-
torical interpretation is fully valid; and man must heed all prophets without exception.
The authors create a strict order in the realm of ideas that excludes everything that
does not fit and which delineates the statement clearly and thus polarizes it strongly
against the others.

For comparison, Ertel contrasts the above statements with those of weak Prag- nanz
for each of the same thoughts. They conform more to the real world but are less easily
remembered and concise:

1. Mao Tse-Tung

There is a certain progress observable in some parts of the world that will probably
continue in the future, even if it is hampered by conflicts between nations.

2. Hitler

They will hardly defeat us militarily, at least initially. We can also withstand them
economically for some time, and the German people also appear to have the necessary
spiritual strength. As long as current conditions do not substantially change, we could
hardly conceive of capitulation.

We are confronted here with two different styles of thinking, which Ertel calls A-style
and B-style. They can be recognized lexically, for there are A and B expressions (Table
2.1). One can determine the degree of dogmatism in any body of text by searching out
the use of A and B expressions in it.

In word-picture matching experiments Ertel required subjects to match Type A and
Type B nonsense words with figures either showing or lacking Pragnanz. Subjects had
no difficulty sorting Pragnanz-type words like “must” with Pragnanz- type pictures;
and, conversely, they easily matched non-Pragnanz-type pictures with non-Pragnanz-
type words like “can.”

The Dogmatism Quotient (DQ) reflects the Pragnanz level of cognitive activity that
underlies the production of the amount of text being investigated.

A dogmatism index analysis of position papers and programs of German political
parties displays a U-shaped curve from the left through liberals to the political right
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(Fig. 2.31). A remarkable fact is that the DQ is sensitive to certain effects (such as
applause; see Figs. 2.32-2.34). It is worth noting that the DQ is sensitive to affective
responses. It increases with the level of fear, anger, and aggression, but also with
positive emotions (euphoria, being in love, and triumph). Fear limits vision and love
makes blind. We will come back to these facts in the discussion of human rationality
later on. For now, it will suffice to note that a number of elementary laws of perception

transmodally influence the cognitive realm. 47
Table 2.1. A and B Expressions from Ertel’s (1981) DoTA Dictionary

A Expressions B Expressions

Category 1 Frequency du- | Lasting, always, every | Occasionally, in general,
ration and distribution time, never, each time, | on occasion, usually, often,
etc. now and then, normally,
mostly, sometimes, etc.
Category 2
Number and quantity All, without exception,| A number of, a little,
without limits, uniquely, | some, certain, largely,
whole, not in the least, | mostly several, a large
every, everyone, etc. number, a pair, partly,
etc.
Category 3
Degree and extent Absolutely, entirely, to-| Especially, a little, to some
tally, in principle, etc. extent, highly, scarcely,
etc.
Category 4
Certainty Excluding, unquestion- | Apparently, presumably,
ably, certainly, not in the | scarcely, possibly, hardly,
least, naturally, etc. etc.

Category 5 Exclusion, in-
clusion, and applicability

Category 6
Necessity and possibility

Alone, all else but, ex-
clusively, one and only,
either/or, neither/nor,
solely, nothing but, etc.

Must, have to, have to
be, not permitted, cannot,
cannot permit ourselves,
not able, etc.

Among other things, on
the other hand, beyond
that, furthermore, includ-
ing, for one thing, further,
etc.

May, can, allow, be in a po-
sition to, not needing to,
not having to, etc.

Figure 2.31. Top graph: Political programs, including the post-1945 period. Lower
graph: Political publications from the Weimer Republic. DKP, Communists; SPD,
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Social Democrats: FDP, Free Democrats and other liberals; CDU, Christian 48
Democrats; CSU, Christian Socialists. From S. Ertel, 1981.

Figure 2.32. The DQ in political speakers of the German Bundestag (Parliament)
before and after applause. Numbers (4, 2, 1,2) are the fourth sentence, second sentence,
first sentence, and second sentence, respectively. SPD, Social Democratic Party; CDU/
CSU, Christian Democrats/Christian Socialists. From S. Ertel (1981).

Figure 2.33. The DQ curve of Adolf Hitler’s speeches. Early speeches, Reichstag
addresses, and “other” speeches after 1933. From S. Ertel (1981).
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Figure 2.34. The DQ curve for the life work of Friedrich Nietzsche. From S. Ertel
(1981).

Perceptual constancies of space, size, and color are of particular importance. E. von
Holst (1957) investigated their organization. The effect of spatial constancy is such
that we perceive objects in space at rest, even when we turn our eyes or head, so that
their images, in fact, move across our retina. This is achieved when the instruction for
the eye to move is duplicated centrally and stored as an efferent copy. The resulting
movement from the instruction is then reported by the eye as a reafferent signal, which,
in turn, is compared with the efferent copy, and is canceled when both agree. Passive
movement of the eye does not result in an efferent copy, since there is no instruction
for the eye to move, therefore the displacement of the retinal image will appear as a
movement of the object that in fact has not moved. We can easily convince ourselves
of this by pressing a finger against the eyeball: objects in the visual field appear to
move, and the passive movement of the eyeball is misinterpreted as a movement of
the environment. Another experiment allows us to perceive the efferent copy: If we
paralyze the muscles of the eyeball with novocaine and ask the subject to move the
eye to the left, then the subject will subjectively experience that the objects in the
visual field leap to the left. Since, in fact, neither the environment nor the eye moved
in this case, the spatial perception must have a central origin, namely in the efferent
copy of the instruction to turn the eye; since the efferent signal is not canceled by
reafference, we erroneously perceive the movement (Figs. 2.35 A and B).
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Size constancy operates on the same principle in which convergence and accom-
modation are achieved. Color constancy is based on the ‘“assumption” on the part of
the perceptual apparatus that the predominant color in a field of view is the color of
the light source. The organism must perceptually extinguish this light in order to see
objects in their true colors. Thus the color ‘“‘white” was invented, which has no color
value. The perceptual apparatus also provides each color with a complementary color,
which is produced as a perception and with 50 whose help the undesired color can be
canceled.

Intended i | Objective Perceived
mpulse event event
a. Visual di | X X Cross
recti on moves  to
unchanged right
Eye moved
passively to
left
b. Visual di | X
recti on to
left
Eye is sl X
:ati onary Cross
moves to
left
c- Visual di-| X
rection to
right
Eye mov X
IM
es left Cross Eye move-
stands still | ment and
perception
Conscious
Intended impulse Perception
Unconscious
Command ~Message

to move Efference copy i eyes <

Figure 2.35. (A) Experiments to determine the functional organization of spatial
constancy. From E. von Holst (1955). (B) The functional organization of spatial con-
stancy according to E. von Holst (1955).
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This kind of information processing can also lead to erroneous interpretations. If a
small grey field is viewed within a predominantly red area surrounding it, we perceive
this grey as green, since our perception assumes that the light source is a red one.
We create the green to reduce the excess redness, a phenomenon known as simulta-
neous contrast. Thus our perception has built-in assumptions based on phylogenetic
experience and these are reflected in these kinds of perceptual inferences.

It was long believed that color categories were culturally acquired. Subjects from
different cultures were presented with colors to name, and it was found that the same
number of colors were not named in all cultures; often several colors were combined
under one category. However, we also have general color concepts as “bright” or “col-
orful.” If, however, subjects were asked to arrange colors into categories, it was found
that this arranging followed the same pattern across cultures. Even if a subject had no
name for a particular color, similar colors were placed into the same categories (litera-
ture cited in P. Kay and W. Kempton, 1984). Thus color perception is not culturally
determined; instead, the same color categories are perceived in all cultures.

Perceptual categories are also found in other sense modalities. Just as we arrange
the continuum of lightwaves into classes of primary colors, we categorize acoustic im-
pressions (Fig. 2.36). If a person hears a series of artificially produced sounds that
change gradually from ba to pa, the person will hear only ba up to a certain point
and thereafter pa, but never anything in between. All test subjects experienced the
transition at the same point in the experiment, even those with different language
backgrounds. Even 1- to 6-month-old infants hear in categories. We will return to this
topic in the chapter on “verbal communication.”

Like color categories, temporal categories are also a product of the human brain (E.
Poppel, 1983, 1984). The shortest detectable auditory time unit is three thousandths
of a second. Events occurring within two thousandths of a second of each other are
perceived as a single unit. For the visual system the data are different. Here, intervals
from about twenty thousandths of a second on are experienced as distinct. However,
when two events are separated by this interval, it is impossible to determine which of
the two signals occurred first. At least thirty thousandths of a second must separate
events for us to be able to place them in sequence. This holds true for visual, auditory,
and tactile stimuli. According to E. Poppel the event identification system arises from
a brain mechanism which functions like an oscillating system with a frequency of 30
Hz.

The experience of sequencing of events requires an additional mechanism that com-
bines sequential events into perceptual configuration that we experience as “now.” This
“now” has a duration of about 3 seconds. It is a universal, basic phenomenon of human
temporal experience, and its length corresponds to the units of speech (p. 696). Thus,
in Poppel’s formulation, the brain divides the continuum of speech into 3-second time
units. This is also reflected in the duration of musical themes and the length of lines
in poetry.
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Metronome beats of equal volume are subjectively structured, for the perceived
loudness fluctuates in 3-second intervals. Thus our perception in this case is certainly
not “objective.” It orders, categorizes, and interprets the events.

Figure 2.36. The categorial shift from ede to ete. The graph shows ten vocal sounds
with gradually increasing vocal onset time. At the vocal onset time of approximately 80
msec the utterance is perceived with the new quality ete. From W.J.M. Levelt (1987).

A comparable segmentation was found in movement patterns in four independent
cultures (Europeans, Trobriand Islander, Yanomami Indians, and Kalahari Bushmen).
The analysis of these documents of unstaged social interactions revealed a time con-
stant of about 3 seconds. In this way, behavior becomes structured into units which
fit the perceptive 3-second bias. And this is probably what is “meant” to be, since
movements often serve communication (M. Schleidt et al., 1987).

K. R. Popper (1973, p. 165) is therefore correct in asserting that no sensory data
or perception can exist that is not processed by some theory. However, he diminishes
the significance of sensory data as the basis, and hence induction, when he states that:
“The data are therefore no basis or guarantee for theories, and they are no more certain
than any theory or ‘bias’ but are probably less certain. . . . The equivalents of primitive,
uncritically accepted theories are contained in the sense organs and these have been
less thoroughly tested than scientific theories. ...”

To this I would counter that the theories which are built into our perception have
been more “comprehensively tested” over millions of years of evolution than scientific
theories. Popper (1973, p. 108) states that “The natural laws are our invention, made
by animals and man, genetically a priori, but they are not necessarily a priori valid.
We attempt to ascribe them to nature.” Popper here follows Kant that human reason
established these laws, imposed them on our “sensory swamp,” and only thereby created
order in nature. This is no doubt true for the process of categorical perception, in which
a continuum is arranged into categories by the perceptual apparatus. In general, the
way we think and look at the world represents a reality that is valid within the average
measuring range of the Mesokosmos toward which we are adapted—as Popper does
emphasize elsewhere. K. Lorenz (1959, p. 263) comments follows: “It is as unlikely that
the fins of fishes determine the physical properties of water, or that the eye determines
the characteristics of light, as that the way we think and view the world has ‘invented’
space, time and causality.”

Perception and the motor apparatus form one functional system in whose develop-
ment maturational processes play an important part.

Two-week old infants reach for visually presented objects. Hence, the expectation
that visual entities can also be touched is already present. The reaction is still little
differentiated, resulting in what C. Trevarthen (1975) calls “prereaching.”

Children make intentional grabbing movements before they are physically able to
grasp objects by bringing their arms and hands together in front of the body. They have
a significant tendency to perform these grasping movements more frequently when the
object is of an appropriate size for grasping. If in a choice situation a ball of appropriate
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size and an oversized one are offered, infants make more intention movements toward
the appropriate ball rather than the oversized one. This shows that grasping objects
is coordinated by visual information about the graspability of the target object, which
is already available to the child before it had any experiences with holding objects (J.
S. Bruner and B. Koslowski, 1972).

Newborn infants turn their heads in the direction of a sound source and attempt to
look at it, as if they “knew” that one could see the source of the sound. They do this
according to an inborn central fixation program. Children blind from birth behave in
the same way (D. G. Freedman, 1964). We will later consider the social significance of
this reaction (p. 195).

Infants also want to focus and learn to bring into focus a blurred slide projected to
them by sucking on a pacifier (I. V. Kalnins and J. S. Bruner, quoted in R. C. Hulsebus,
1973). Hence, children come into the world with the expectation that objects have
sharply defined contours, and they need to create this condition when they do not see
objects in focus. This can be accomplished by accommodation of the lens, but also by
other behavior patterns.

T. G. R. Bower (1971) found that 2-week-old infants only reached for graspable
objects and not for pictures of them. D. DiFranco et al. (1978) could not confirm
Bower’s findings. In their studies, children reach for three-dimensional objects as well
as for pictures. In principle, this does not alter the conclusion that children at an
early age associate visual impressions with tactile expectations, as other studies have
verified.

If a symmetrically expanding shadow or dark spot is projected onto a screen in front
of a 14- to 20-day-old infant secured in a chair, then the infant interprets this perception
as an object on a collision course with itself. The infant lifts an arm protectively before
its face, turns away, and blinks. An asymmetrically expanding spot does not elicit this
defensive response, since it is interpreted as a passing object (W. Ball and F. Tronick,
1971). Figure 2.37 depicts a variation of a study by J. Dunkeld and T. G. R. Bower
(1976), which was repeated with slight modifications by A. Yonas et al. (1979). They
found that blinking was a good indicator of collision expectation. Their test subjects
blinked their eyes when objects moved toward them on collision course. This work, in
principle, confirms the results obtained by Ball and Tronick.

Previously, developmental psychologists had maintained that the infant perceived
various facets of reality separately but would not know that the tactile impressions,
for example, are related to visual or other attributes of the object. It was held that
the child learned these relationships primarily in the first two years of life, acquiring,
among other things, object constancy and achieving (after

Figure 2.37. Procedure of shadow projection used by Dunkeld and Bower, with
which the test infants were given the impression of an object moving (rotating) toward
them. From J. Dunkeld and T.G.R. Bower (1976).

shape of 2-dimensional picture
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J. Piaget’s theory) a new cognitive organizational level. The studies of T. G. R.
Bower, W. Ball, and F. Tronick verify that integration capacity does not have to rest
solely upon individual experience.

The interpretation of stimuli apparently proceeds on the basis of phylogenetic expe-
rience. It is certainly advantageous to avoid objects approaching rapidly without having
to undergo the painful personal experience of a previous collision with them. The nec-
essary “knowledge” for this adaptive response is contained in information-processing
mechanisms as a result of phylogenetic adaptation. In this and similar cases, these
adaptations are so structured that specific stimuli or stimulus configurations release
specific motoric acts, that is, elicit specific behavioral patterns—in our example, de-
fensive and avoidance behavior. These mechanisms are termed innate releasing mech-
anisms (IRM’s; N. Tinbergen, 1951).

They act like a stimulus filter, in that they only effect the release of certain behavior
patterns when certain key stimuli are presented but remain impervious to other stimuli.
They can be understood using a lock-and-key analogy. IRMs are not only specific to
visual stimuli. If a newborn infant is touched at the corner of its mouth with a finger,
the baby turns its head from side to side (search automism), and finally grabs the finger
with its mouth to suck it. Targeted orientation toward the point of tactile contact can
also be elicited (H. F. R. Prechtl, 1958; H. F. R. Prechtl and H. G. Lenard, 1968).
Here a tactile stimulus is connected with a particular behavior pattern by means of an
innate releasing mechanism.

IRMs have been investigated in animals both in model experiments and neu- roetho-
logical studies (J. P. Ewert, 1974a, b; F. Huber, 1974; other examples in I. Eibl-
Eibesfeldt, 1987). Many social responses of animals are mediated by such IRMs. Re-
ciprocal adaptations between the sender and receiver of signals took place in such con-
texts. Signals evolved for various sensory systems (visual, auditory, olfactory, tactile,
and even electrical). Expressive behavior patterns as well as morphological structures
such as color patterns and manes serve this purpose. Signals that evolved to serve the
specific function of communication are known as “social releasers.”

IRM mechanisms play an important role in human social behavior as well. If new-
born infants hear a selection of tape recordings of the same loudness, one of them being
of a baby crying, they will start to cry when they hear the recording of crying, but
not when they hear recordings of other vocalizations (A. Sagi and M. L. Hoffmann,
1978). The sound of crying releases crying, a process known also as mood induction.
The term “imitation” would be a poor choice here, for it suggests trial and gradual
practice, but here we are faced with, as it were, preprogrammed response based upon
an innate releasing mechanism. Visual perception studies have shown similar results.

A. N. Meltzoff and M. K. Moore (1977) discovered that 12- to 21-day-old infants
are capable of imitating such facial movements as mouth opening, tongue extension,
and lip protruding, as well as a number of finger movements (Figs. 2.38, 2.39). In a
late study (1983a-c) they were even able to demonstrate this ability in the first 72
hours following birth. The investigations of J. Dunkeld (1978), S. W. Jacobson (1979),
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A. P. Burd and A. E. Milewski (1981), and J. Kugiumutzakis (1985) confirm these
results. The latter found that eyebrow movements as well as mouth movements were
responded to with similar expressions. T. M. Field et al. (1982) demonstrated that such
an “imitative” ability is already present in newborns at an average age of 36 hours. They
mimed expressions of astonishment (open mouth), pouting (protruding lips), and joy
(smiling and wide open lips) and elicited the same expressions from the infants (Figs.
2.40, 2.41). M. Kaitz et al. (1988) demonstrated that newborns responded to tongue
protrusion by reproducing this gesture but failed to imitate the facial expressions of
happiness, sadness, and surprise.

Figure 2.38. The model and its imitation in a 2- to 3-week old infant. From A.N.
Meltzoff and M.K. Moore (1977).

Figure 2.39.

A 19-hour-old girl imitates tongue extension and mouth opening. Photo: A.N. Melt-
zoff.

Some researchers, however, reported that they had no success at all eliciting such
imitation in very young babies (M. Hamm, M. Russell, and J. Koepke, 1979; L. A.
Hayes and J. L. Watson, 1981; H. Neuburger et al., 1983; B. McKenzie and R. Over,
1983; O. M. Ewert, 1983). A. N. Meltzoff and M. K. Moore (1983a, b, c) discuss
possible reasons for this. In this context, experiments performed by A. Vinter (1985)
are of particular interest. She offered the babies static and moving models. Only the
moving models were imitated. If a person just stuck out his tongue without moving,
the babies seemed to have difficulty in perceiving the stimulus pattern.

These results lead to the conclusion that infants are capable of responding to ob-
served facial and hand movements with corresponding behavior, copying the behavior
of the model in their own behavior with no need for prior learning experience. This
would require the existence of structures that are, in principle, similar in function to
IR Ms.

A. N. Meltzoff and M. K. Moore (1983a, b, ¢) and T. M. Field et al. (1982) consider
the possibility of this interpretation in their discussion but conclude that the concept
of the IRM was not sufficient to explain the undoubtedly inborn capabilities of the
babies. They felt that the responses made by the infants were not sufficiently stereo-
typed to correspond to this ethological concept. Furthermore, they believed that the
behavior patterns normally elicited by an IRM should always be different from the
behavior patterns eliciting them. This, however, is not always so. Fighting cichlid fish
answer tail beats with tail beats and ram-butting with rambutting. The effect is, as it
were, imitation. However, it is actually an IRM-mediated response. If we should find
that the ability, i.e., to respond at once to perceived behavior patterns with the same
behavior, included any nonspecific behavior patterns, including those which definitely
have no signal function, then it would be appropriate to distinguish this inborn ability
from responses to specific releasers. However, at this time, there is no need for this.
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The stimuli responded to are basic facial expressions and thus, in all probability, social
signals. In any case, the performance presupposes projections from the sensory to the
motor areas of the brain that allow perceived movements to be translated into an indi-
vidual’s own movements.? This kind of primary imitation would be distinguished from
learning through imitation, which involves trial and error corrections and extensive
visual and proprioceptive movement control where one can trace a gradual learning
process.

Figure 2.40. Facial expressions made by T.M. Field and their imitation. From T.M.
Field et al. (1982).

Figure 2.41. Frequency with which infants imitated the three displayed lip move-
ments. From T.M. Field et al. (1982).

The argument that the responses are too variable to be explained with the IRM
concept does not hold true since ethological concepts do not exclude individual and
situational variability. Responses are by no means all-or-nothing behaviors, although
ethological terminology (‘‘fixed-action pattern”) has led to misunderstandings (p. 25).
Imitative behavior of infants of the type discussed can be fully explained with the IRM
concept. The objection that there are so many facial movements one could scarcely
conceive of an IRM for each one of them is untenable. Why should the many innate
mimic expressions not have corresponding recipient adaptations?

Be it as it may, our American colleagues have been most successful in demonstrat-
ing the existence of highly differentiated innate capabilities. This is a tribute to the
experimental skill of the Americans and English, which seems to have its roots in the
skillful experimental heritage of American behaviorism.

The surprising ability to respond to facial movements at such an early age contrasts
with the findings of several investigators, who report a very slow development of face
recognition in babies (R. Ahrens, 1954; F. L. Fantz, 1966; D. Maurer, 1985). In these ex-
periments, however, the babies were shown static presentations of simplified drawings.
The length of time the babies looked at these (fixation time) was taken as a measure
of preference. Babies only started to look somewhat longer at 2-dimensional models
of human faces at an age of 2 months. This led to the conclusion that the recognition
of face develops slowly. I doubt, however, that these experiments are conclusive. One
would need to work with presentations in which babies could also perceive movements
to come to a valid conclusion.

2 A. N. Meltzoff and M. K. Moore speak of “active intermodal matching.” “In contrast, we postulate
that infants use the equivalence between the act seen and the act done as the fundamental basis for
generating the behavioral match. By our account even this early imitation involves active matching to an
environmentally provided target or ‘model.” Our corollary hypothesis is that this imitation is mediated
by a representational system that allows infants to unite within on common framework their own body
transformations and those of others. According to this view, both visual and motor transformations of
the body can be represented in a common form and thus directly compared. Infants could thereby relate
proprioceptive motor informations about their own unseen body movements to their representation of
the visually perceived model and create the match required” (A. N. Meltzoff and M. K. Moore, 1983a).
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Animal experiments with models performed by ethologists have revealed that some
of the visual releasers are configurational, namely, based on very simple relational char-
acteristics. These studies also demonstrated that a specific behavior is often elicited
by a number of key stimuli, each operating independently, which when presented to-
gether as a whole elicit a summation effect. Finally, artificial “super releasers” could
be fabricated (e.g., key stimuli simulating a sexual partner) whose effect was greater
than the normal stimulus. This also occurs in humans. K. Lorenz (1943) noted that
we respond to specific cues of infant characteristics with affectionate behavior. We
perceive them as cute or cuddly, the latter expression referring to the parental care
behavior released by those stimuli. Our stimulus “detectors” are adapted to certain
anatomical proportions of infants. They have large heads relative to their torsos and
relatively short extremities, something the doll industry has cleverly exploited.

More specific childlike features include a large forehead relative to the rest of the
head and relatively large eyes compared to the small face. B. Hiickstedt (1965) tested
330 male and female subjects in various age groups with schematic profile drawings of
children’s heads, in which the forehead arch and the height of the top of the head were
varied. Cranial emphasis was preferred by female subjects in the 10- to 13-year-old age
bracket and by males 18 to 21 years old. Female subjects preferred a supernormal (i.e.,
exaggerated) upper head even more than male subjects did. Hiickstedf s results (see
Fig. 2.42) were verified by B. T. Gardner and L. Wallach (1965) and W. Fullard and
A. M. Rieling (1976).

All these baby characteristics have been exaggerated by the model experiments of
industry. Many dolls and comic book characters utilize these childlike proportions in
an exaggerated way (Fig. 2.43A). The child appeal of Mickey Mouse has improved over
the last 50 years. The size of the head and eyes and the curvature

Figure 2.42. Infant schema. Top: head with normal shape (left) and exaggerated
shape (right). The latter drawing was preferred by 10- to 13-year-old girls and 18-
to 21-year-old boys. Bottom: modifications of the frontal bone curvature (left) and
the upper head height (right) in B. Hiickstedt’s study. Isolated exaggeration of both
characteristics resulted in preference for the mean (but not maximum) proportional
exaggeration. From B. Hiickstedt (1965).

Figure 2.43. (A) Infant schema. Walt Disney’s familiar creations: Donald Duck’s
nephews Huey, Dewey, and Louie; Little Eagle Eye; and Tramp. (B) The development
of Walt Disney’s Mickey Mouse during the 50 years of its existence. The size of the
head in relation to the body increased and so did the relative size of the eyes, while
the extremities got shorter and thicker. All these changes increased its appeal to the
child. Courtesy Walt Disney Productions. (C) Infantilized depiction of women from a
magazine, Picapiedras, Bogota.

of the cranial vault increased (S. J. Gould, 1980). The size of the eyes changed from
27 to 42% of the size of the head and the size of the head from 42.7 to 48.1% of the
size of the body. The forehead curvature could not be changed, since the head was con-
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ventionally drawn as a circle. But the ears were moved backward, so that the distance
nose-ears was increased. The teddy bear underwent similar changes. The extremities
became increasingly shortened and the head curvature increased continually from 1900
to 1985 (R. A. Hinde and L. A. Barden, 1985). The stepwise improvement indicates
selection by the market (Fig. 2.43B).

Whereas all these proportional characteristics mentioned so far did not arise in the
service of communication (since they are one-sided and only effect the recipient), the
chubby cheeks of infants and young children are social releasers serving as signals to
release parental behaviors. Presumably the Corpus adiposum buccae strengthen the
cheeks for sucking, but our most closely related primate species do not have this adap-
tation. Infants elicit friendly (smiling) behavior just by their appearance alone, even
from strangers (M. Schleidt et al., 1981; C. L. Robinson et al., 1979). Other appealing
child signals include behavior patterns. Thus, we consider their uncoordinated move-
ments cute. Since a friendly mood also inhibits aggressive impulses, small children are
often used in appeasement ceremonies (see greeting rituals, p. 493). The female face
also exhibits childlike features, predisposed to eliciting caring behavior. This is often
emphasized in drawings (Fig. 2.43C).

Courting couples display many childlike behavior patterns; people in sorrow also
elicit comfort by this means. Such appeals to the infant schema are blended together
in television commercials to make them appealing, not irritating, to viewers.

How strong the bias of our perception is, is shown even in our response to animals
that possess some of these characteristics. It is clear that some kind of fundamental
reaction is involved, for even very small children already cuddle simple infant-schema
models such as teddy bears.

Difficulties arise in attempting to ascribe our highly emotional response to child
characteristics by means of typical learning paradigms. The child pays for the care it
demands through its charm alone. In all other respects its behavior is rather burden-
some and irritating—it cries, is dirty, and needs much care.

As to the role played by IRMs in adults, we have to rely on circumstantial evidence.
When adults respond to simple models with the appropriate predicted behavior, this
may suggest that their reaction has been activated by IRMs. However this criterion
alone is not sufficient to support this hypothesis. The Pragnanz tendency of perceptual
mechanisms, the “cognitive love of order,” leads us to continuously formulate schemas
(templates) and general concepts. When children draw trees, houses, and people, they
continually schematicize and select out the generalized invariable elements of their
subjects. This is, as mentioned earlier, achieved by innate perceptual mechanisms (p.
42). When we draw a caricature of a person with a few lines we schematize. We then
emphasize certain characteristics of the individual in line with the tendency toward
Pragnanz, and we simplify the whole. A caricature, however, must contain certain
essential elements which cannot be omitted if the Gestalt is to be recognized. This is
not strictly the case with the schematic representations to which we respond by means
of innate releasing mechanisms. There are cases in which some basic configuration must
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be presented but, in many cases, components of the complex releasing situation 62 can
be presented in isolation. For instance, the chubby cheeks of babies, the head-body
proportions, and the face-head proportions each have a releasing quality by themselves,
their effects being additive when they are presented together. This also holds true for
other social signals where we can observe that the same characteristics are emphasized
and exaggerated cross-culturally to indicate maleness or femaleness, and even features
which in reality are not very noticeable (Figs. 2.44, 2.45).

Thus, in various cultures men’s shoulders are artificially emphasized with clothing
or special adornments. This amounts to emphasizing a characteristic that is today no
longer anatomically significant. If we analyze the hair growth patterns on a man we
find that tufts of hair would develop on the shoulders if hair growth were increased to
a significant length (P. Leyhausen, 1983). We can assume that males had more hair in
earlier times than they do today and that the hair growth patterns served to enlarge
the body outline of our upright ancestors (Fig. 2.44A). Hair growth declined during
the course of hominization, but the receptor adaptation may have remained, which
resulted in a preference and thus drew particular attention to this region of the body.

E. Jessen (1981) presented German and Tanzanian children of various ages with
drawings of simple geometric figures (circles, squares) and placed triangles standing
either on their base or apex. The children were asked to designate the figures as either
male or female. Children 4 to 6 years old could not differentiate between them, but 7-
to 16-year-olds could. The 7- to 12-year-old children interpreted characteristics in the
figures that reflect individual, culturally determined experience: for example “skirt” as
a female characteristic and “stout belly” as a male feature (for European subjects; Tan-
zanians chose other features). During puberty, however, there is a pronounced change
in the character assessment. Pubertal children characterized soft and round features
as females and angular, coarse, and rough ones as males. The most frequently selected
choice for male was the triangle standing on its apex, probably an abstract exagger-
ation of the shoulder emphasis mentioned earlier. This transformation in perception
occurred similarly in both European and Tanzanian subjects. Thus, through the devel-
opment of new perceptual filters in both cultures, identical emphasis appears in the
perception of people.

We must expect that some IRMs, such as those responding to attributes of sexual
partners, mature functionally during the course of ontogeny. During this time, however,
the organism is exposed to so many experiences that it is only possible in exceptional
cases to experimentally demonstrate the existence of IRMs. So, in the case of responses
to simple key stimuli and releasers that appear later in life, we have to depend mainly
on circumstantial evidence. Subjects born blind but whose vision was later restored by
cataract operations could offer possibilities for experimentation, however, only positive
results of such studies would be significant. We know from animal studies that fully
functional visual systems present at birth soon degenerate if they are not used (see
Ethology: The Biology of Behavior).
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The tactile drawings of subjects blind from birth are of particular interest in this
regard. The subjects were given ball point pens to use for drawing, which, on a par-
ticular writing surface, left relief line traces. The way in which the lines were drawn
reflected a number of universal perceptual principles. In drawing outlines of objects,
the subjects accounted for the viewer’s position. Thus any parts of a structure that
were hidden from the viewer’s visual field were not shown in the drawing; only the
lines of the covering object were included. A table seen from the top was drawn as a
rectangle (tabletop). From a side view, subjects drew two table legs, which is as the
viewer would see them. The view from below showed four legs. The blind subjects
also utilized convergence and thickness of lines to depict inclinations, proximity, and
distance (J. M. Kennedy, 1980, 1982, 1983).

Figure 2.44. (A) Hair growth pattern in males: (i) front view; (ii) back view. If man
had more hair, tufts would form on the shoulders. From P. Leyhausen (1983). (B)
Examples of artificial shoulder emphasis in males: a Yanomami Indian with feather
ornaments, a Kabuki actor (Japan), and Tsar Alexander II of Russia after a contem-
porary

64 portrait. Drawing by H. Kacher from I. Eibl-Eibesfeldt (1970a).

Figure 2.45. (A) Women'’s fashions emphasize the hip region and often the buttocks
as well: (a) Marie Antoinette, after an engraving;(b) Pauline Lucca, 1870, photo from
M. Von Boehn. (B) Dancers from Kaleuna (Trobriand Islands). Their skirts emphasize
the hip region. Photo: 1. Eibl-Eibesfeldt. 65

G. P. Sackett (1966) demonstrated perceptual maturation in rhesus monkeys. He
raised the monkeys in social isolation in cages with nontransparent walls, which were
built so that the monkeys could not even see their own reflections in the sides of the
cages. Each day the monkeys were shown slides of landscapes, fruits, and other rhesus
monkeys. After each projection of a slide the monkey could select the picture itself
by activating a lever, which caused the slide to show for 15 seconds. Self-initiated
projection could be repeated over a 5-minute interval. The monkeys soon learned how
to use the lever, and the choices they made during self-projection were a good measure
of preference for individual pictures. Initially, the monkeys showed a preference for
seeing conspecifics, because the frequency of projecting other monkeys was higher
than for other slide subjects. Furthermore, pictures of other monkeys elicited contact
sounds, approach, and play invitation behavior. One of the slides showed a monkey in
threat posture. This picture, too, was initially preferred along with the other monkey
slides. However, after I'Vi months there was a drastic change in their responses to
this slide. While the subjects continued to prefer other monkey slides, the picture
of the threatening monkey produced defensive reactions and fright calls; the rate of
viewing for this slide dropped substantially. Apparently the subjects now interpreted
the monkey’s threat face and threat posture as dangerous, and since they had no prior
social experience with conspecifics, this perceptual ability could only arise from the
functional maturity of IRMs. The development of fear of strangers in humans is a
closely related phenomenon (p. 170).
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2.2.3. Templates

Templates are a special category of perceptual adaptations. They permit incoming
signals to be compared with some built-in reference pattern and behavior to be adjusted
appropriately. Thus chaffinches must learn their species’ song, but they know which
song pattern is the correct one to imitate. If chaffinches raised in social isolation hear
tape recordings of various bird songs, they choose their own species song as a model for
learning (W. H. Thorpe, 1958). Their selection process is based on an innate template.
Similar relationships hold in the swamp sparrow Melospiza georgiana, but here the
template is tuned to recognize speciesspecific syllables. Swamp sparrow syllables can
be used to compose a wide variety of songs; these are learned. But songs composed of
alien species’ syllables were not accepted by the swamp sparrows even if they produced
a song corresponding to the pattern of the swamp sparrow song (P. Marler, 1976, 1978).
For swamp sparrows then, the template for the recognition of syllables is a phylogenetic
adaptation, but the template of the entire song must be acquired through learning.
This happens before the sparrows are actually able to sing. If they are isolated after
acquiring the template, then they learn their song later on the basis of this acquired
pattern. They must hear themselves vocalize; if they are deafened they develop atypical
songs.

It is likely that norms for our human behavior are also laid down in comparable
66 neuronal structures. As templates they determine what is right or wrong, good or
bad or, in other words, “expected behaviors.” The universality of certain behavioral
norms expressed in the widely recurring themes reinforcing the “right” social conduct
and manifesting themselves as attitudes even against the strongest teaching attempts
to the contrary indicate that some of these templates are innate. Deviation from the
norm makes humans feel uneasy, while conformity elicits satisfaction. M. Gruter (1979,
1983) suggests that brain amines (endorphins) are responsible for this.

2.2.4. Motivating Mechanisms, Drives, Biological
Rhythms

Man, like every other animal, is subject to changing moods, which are not always
induced by corresponding fluctuations in the environment. Motivating mechanisms
ensure that we do not wait passively for stimuli in order to respond. They create a
specific behavioral preparedness we call “moods” in which we actively seek out stimulus
situations that permit the performance of specific behavior patterns. When we are
hungry, we search for food; when thirsty, we search for water. If we are bored we are
driven by curiosity to seek entertainment. Our senses respond selectively to specific
stimuli depending on the mood we are in at the time.

This searching for releasing stimuli has been known as “appetitive behavior” since
the time of W. Craig (1918). Once a hungry individual has found food, various behavior
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patterns run their course, which are concluded by the final consummatory act of feeding.
Often, the individual will experience many different behaviors before reaching the final
consummatory act. The performance of a behavioral sequence leads to satisfaction of
the specific need and in animals and humans a change of mood has taken place as
a result. Many disparate mechanisms combine to achieve this change. The individual
often causes changes in the environment through its actions, and thus a consummatory
situation is achieved. Feedback from internal receptors are another means of inducing
a change in appetence—so are hormonal changes. Most interesting of all, but least
understood to date, are changes in mood brought about by changes within the central
nervous system, in the sense of a discharge of a reaction by performance of a particular
consummatory act.

The mechanisms underlying hunger and thirst have been studied in depth. Sensory
cells measure the blood sugar level, that is, the osmotic value of tissue fluids. Devi-
ations from the norm release behavior that finally restores physiological equilibrium
or homeostasis. But even before this is accomplished the individual ceases eating or
drinking. Eating, drinking, and stomach distention are registered and then hunger or
thirst are turned off, preventing excessive consumption. Time is required for home-
ostasis to be restored, since nourishment has to be resorbed. But, if within a certain
time, physiological equilibrium has not been restored, the appetitive behavior will be
instigated anew. If the glucose receptors of the hypothalamus are destroyed, mammals
overeat, their hunger continuing unabated (literature in I. Eibl-Eibesfeldt, 1987).

Not every appetitive behavior is motivated by physiological disequilibrium. The
sexual drive, for instance, has an entirely different motivational basis. Hormonal influ-
ences produce a lasting readiness for sexual activity. An oscillating sexual motivation
determined by external stimuli, internal sensory stimuli, and central nervous contin-
gencies is superimposed on this readiness. In man the decline in the sexual drive after
orgasm is in part (but not exclusively) determined by the fullness of the seminal vesi-
cle; but this is certainly not the only factor involved, because there are men who can
experience an orgasm without an ejaculation. Women, of course, always experience
a nonejaculatory orgasm, but the neuroethology of the female orgasm has not been
closely studied.

Many vertebrates exhibit, on occasion, a distinct appetence for fighting, and this
has led to the postulation of an “aggressive drive.” Internally, readiness for aggressive
behavior is linked in the human males, among other things, to the androgen hormone
level. Both performance of the behavior as well as achievement of the final consumma-
tory act reduce aggressive appetence (p. 367).

Again different is the physiology of curiosity. We are, without doubt, highly inquis-
itive beings, actively searching for new information. Entire industries are based on
selling us news which we basically do not need at all. Newspapers, magazines, tele-
vision, and radio ensure that we do not become bored with life. A tourism industry
grossing billions is quite successful in luring us to travel to far off lands. This industry
is responsive to the human need for new experiences and change. However, we do not
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know in detail how the curiosity-motivating mechanisms are constructed. However, it
is certain that the inquisitive person does not seek physiological equilibrium, but stim-
ulation and excitement, nourishment for the imagination. Once his need is satisfied, he
seeks rest. M. Holzapfel (1940) was, to the best of my knowledge, the first to suggest
that there is also appetence for rest and quiet.

The discovery of a neurophysiological basis of motivation was of prime significance
for the development of ethological theory. Konrad Lorenz saw long ago, that animals
have an internal need to carry out specific behavior patterns. In extreme cases the
drive can become so strong that it will be released without an adequate releasing
stimulus, so that a behavioral sequence can even occur as a vacuum activity. From
these observations, Lorenz developed the theory of centrally produced action-specific
energy, which would build up and later have to be discharged. Interestingly enough, he
initially considered innate behavior patterns as chain reflexes. Only Erich von Holst’s
work caused him to completely reject the reflex concept. Von Holst showed that fully
deafferent eels® swim with perfect coordination, demonstrating a neurological basis
for spontaneous locomotion. Automatically active groups of motor cells (the so-called
automatisms) produced spontaneous impulses and coordinated them centrally so that
the appropriate impulse patterns reached the appropriate muscles. Since then such
central generator systems have been discovered for a whole series of behavioral patterns
(literature cited in J. C. Fentress, 1976; E. R. Kandel, 1976; G. S. Stent et al., 1978;
C. R. Gallistel, 1980; E. Delcomyn, 1980; G. Hoyle, 1984).

It is well-founded that even our need for locomotor activity (running, swimming,
walking) is based on the spontaneous action of groups of motor neurons in the central
nervous system. In other words, this activity is neurogenically motivated. In animals
many innate behavior patterns are probably so motivated as well. The classic example
suggesting this is provided by the starling that Lorenz kept as a pet. This well-fed bird,
lacking any opportunity to hunt, flew up from time to time, snapped at a nonexistent
object, flew back to its perch, executed the killing motion, and then swallowed. Because
of the lack of opportunity to perform these movements in their natural context, they
occurred as a “vacuum activity.” There are many other examples of vacuum activities,
and some have been observed in mammals (P. Leyhausen, 1965). These activities are
not involved in restoring homeostasis.

Even learned behaviors can develop their own appetence (motivation, e.g., skiing).
This is not surprising, since automatic motor cell groups also underlie acquired behav-
ior patterns. What distinguishes them from fixed-action patterns are the new stable
phase relationships between the automatisms that have arisen as a result of learning
processes.

The phenomenology of excitatory buildup and abreaction (discharge) is well
known, but its physiology is not yet fully understood. There are indications that the
metabolism of cerebral amines may play a key role. We know that specific transmitter

3 See above for the ontogeny of object relationships.
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substances collect in submicroscopic vesicles near the synapses (the sites where two
nerve cells connect). The transmitter substances created by the presynaptic cell will
be released spontaneously or upon stimulation into the gap between the synapses.
They occupy receptors on the postsynaptic cell membrane. Each neurotransmitter
molecule, according to the lock-and-key model, has a specific equivalent molecule at
the synapse of the postsynaptic cell. The electrical characteristics of the postsynaptic
cell membrane change when these two molecules join, a change that either raises
or lowers the probability of an electric discharge at the postsynaptic cell. Thus
neurotransmitters can either inhibit or facilitate cell activity and thus control activity.

Neurotransmitters are not only produced within the nerve cells but also in the
dendrites and other sites. Adrenaline is an example of this type of transmitter. It is
produced as a transmitter by some nerves but is also transported to the brain by
the bloodstream and acts as a neurohormone at this site. The most important neu-
rotransmitters of the brain are the catecholamines (epinephrine, norepinephrine, and
dopamine), the endorphins (endorphin, enkephaline), serotonin, and the amino acids
7-aminobutyric acid (GABA), glycine, and glutamic acid. Some 60 neurohormones and
neurotransmitters have been identified, and it has been shown that certain of these pre-
dominate at specific brain sites. Thus serotonin is concentrated in the Raphe’s nucleus
in the brain stem, norepinephrine in the blue nucleus of the brain stem, and dopamine
in the black substance and the ventral crest of the mesencephalon.

Serotonin has both excitatory and inhibitory functions. It is involved in circuits
mediating sleep and emotional arousal and inhibits aggressive behavior in rats. Ac-
cordingly, a decrease of the serotonin level leads to increased aggression. This seems
also to be the case in man (L. Valzelli and L. Morgese, 1981). High-ranking vervet
monkeys are characterized by high blood serotonin levels. If one keeps high-ranking
individuals in isolation, the blood serotonin levels decrease to the serotonin levels of
low-ranking individuals. If high-ranking isolates are permitted to see a low-ranking
individual through a one-way mirror, these monkeys threatdisplay. However, the lack
of response by the low-ranking monkeys will cause the levels of serotonin to decrease
further in the high-ranking individuals. Only if he can observe the effects of his display
will the level of blood serotonin rise. Thus, social behaviors have their physiological
repercussions (M. T. McGuire and M. J. Raleigh, 1986).

The catecholamines are “energizers.” They increase arousal (drive induction) and act
as incentives for learning. The endorphins, on the other hand, reduce arousal (drive
reduction) and seem to act as a satisfier. Both serve rewarding functions (L. Stein,
1980). Endorphins (brain opioids) suppress pain and induce states of comfort and
relaxation. Isolation-induced stress of young animals and of adults in gregarious species
can be soothed by drugs, which promote endorphin synthesis in the brain. Drugs which
inhibit the synthesis, in contrast, cause an increase of stress vocalizations (J. Panksepp
et al., 1978).

GABA is the main inhibitory transmitter of the brain and glutamic acid is probably
its principal excitatory neurotransmitter.
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Advances in the chemistry of the brain lead to the discovery of the receptors for
drugs like opium, heroin, and valium, which, in turn, lead to the search for the natural
substances that normally activate these receptors. The catecholamines were found to be
those for which cocaine and amphetamine act as a drug substitute; endorphins (opioid
peptides) were found to be “endogenous morphines”™—the body’s own “narcotics.” Rapid
advances are being made in the whole field of brain chemistry. For reviews see M.
Angrick, 1983; K.G. Bailey, 1987; R.C. Bolles and M.S. Faneslow, 1982; A. Herz, 1984;
M. Konner, 1982; J. Panksepp, 1981, 1986; J. Panksepp et al., 1978; V.P. Poshivalov,
1986; M.R. Rosenzweig and A.L. Leiman, 1982; S.H. Snyder, 1980; K. Vereby, 1982).

Research on biological rhythms has provided excellent examples of endogenous moti-
vation. Many organisms display activity fluctuations within a 24-hour rhythm. A large
number of studies established that the regular alternation of periods of wakefulness
and rest is determined by endogenous factors, known as internal clocks, which corre-
spond approximately to the 24-hour rhythm. The alternating periods are brought into
phase with the normal day by means of external time cues (Zeitgeber), for example,
light-dark periodicity. Organisms kept under constant conditions will show a periodic-
ity in their activity, whose cycle approximates a 24-hour period. We speak therefore of
a “circa diem” or circadian rhythm (see J. Aschoff, 1981, and E. D. Weitzman, 1982 for
additional references). The exclusion of external time cues results in a free-running ac-
tivity period that deviates from the natural circadian cycle, but which can be brought
back into phase by reintroducing external time cues. Chicks incubated and maintained
after hatching under constant conditions and living without external time cues show
circadian rhythms. Their internal clock is already present as a phylogenetic adaptation.

Humans also have circadian rhythms for sleeping and waking, changes in body
temperature, potassium excretion, and many other processes (Figs. 2.46, 2.47).

Physicochemical and psychic states change during the course of the day, so that
drugs can have differing effects at different times, an important factor for chemother-
apy.

People kept under constant conditions show a periodic change between the states
of sleep and waking, this period being usually somewhat longer than the natural day.
Interestingly enough, various physiological processes have their own circadian rhythms.
Body temperature, for example, is regulated by an oscillator with a shorter period than
the one controlling the sleep-wake cycle. Therefore, under constant conditions internal
desynchronization arises (Fig. 2.48) that is subjectively felt as a sense of discomfort
(J. Aschoff and R. Wever, 1980, 1981; R. We ver, 1978).

Newborns are initially polyphasic. P. Stratton (1982a, b) noted a 40-minute cycle
of vocalization in a 1-day-old infant. J. N. Mills (1974) raised infants under relatively
constant conditions (continuous light). After 8 weeks the subjects developed a circadian
rhythm. This started off asynchronously with the natural day 70 and showed a free-
running circadian rhythm. Such patterns are also seen under normal conditions. The
beginning of the sleep period shifted daily, thus indicating the presence of a rhythm of
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approximately 25 hours (N. Kleitman and T. C. Engelmann, 1953; N. Kleitman, 1963).
There are, however, also cases of shorter periods (Figs. 2.49, 2.50).

Figure 2.46. Circadian rhythms of several variables, measured on a 31- year-old
male subject living in standardized conditions under a strict 24-hour routine. After
R.A. Wever (1978).

Grip strength
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Figure 2.47. Circadian rhythms of three variables, measured in several test groups
living in identical conditions to the subject in Fig. 2.46. From J. Aschoff and R.A.
Wever (1980).

Figure 2.48. Example of internal desynchronization. In the test situation, a person
living in a bunker under constant conditions without time cues first has a combined
free- running rhythm in body temperature and wakefulness of 25.7 hours. From the
14th day onward, the two processes desynchronize and become independent of each
other, temperature developing a 25.1 cycle and the sleep-wake cycle 33.4 hours. From
R.A. Wever (1975).

In addition to circadian and the less studied ultradian rhythms, seasonal periodicity
is also present in human behavior, which J. Aschoff (1981) has shown for suicide,
mortality, and conception.

2.2.5. Emotions

Behavior and perception are accompanied by subjective experiences we call feelings,
mood changes, or emotions. Both behaviorists and ethologists have avoided dealing
with such subjective “accessory phenomena.” This is reasonable in animal studies, but
not in human studies. We can interview people and obtain statistically analyzable data
on their experiences. One can discuss feelings or investigate relevant literature on such
studies and thus draw appropriate conclusions about human emotional responses. We
find, for example, that all cultures identify the same kinds of emotions: anger, hatred,
love, jealousy, envy, fear, a bad conscience, to name but a few. This is noteworthy,
because we could not have taught each other all these emotions. We cannot learn the
subjective correlates to specific behavior or perceptions; what we learn is the object of
the hatred or love and not the emotion itself. We can talk to others about our emotions,
and the fact that we can communicate about emotions presupposes a shared biological
basis.

Emotions may derive their origin in programmed neuronal connections within 72
the visceral-limbic system. We can obtain data on the functional operation of this
emotive circuitry from introspection and responses from test subjects (J. Panksepp,
1982), relate them to concrete behavior, and thus infer the relationships between the
emotions, which is useful in forming further hypotheses (see also R. Plutchik, 1980; C.
E. Izard, 1971).
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Figure 2.49. Longitudinal observations in a human infant on the development of a
24-hour periodicity while sleeping and awake. After a polyphasic start a free-running
circadian rhythm develops (between the sixth and sixteenth days), this finally synchro-
nizing with the natural day. From N. Kleitman and T.C. Engelmann (1953).

Subjective experiences correspond to biochemical processes in the brain (see also
pp. 69, 79). Social facilitation is basically associated with the activation of cerebral
chemical processes underlying emotions. If we perceive someone smiling, cerebrochem-
ical processes are presumably activated, these inducing a friendly mood and smiling
in response. The same is true of crying, a process which activates sadness and crying
in sympathy. Social signals, such as facial expressions and vocalizations, trigger chem-
ical processes that cause us to reflect the same emotions and expressions as those we
perceive from the social partner. M. R. Liebowitz (1983) has published a number of
interesting speculations about the brain chemistry of love. The study of the biochem-
istry of emotions is still in its infancy and it is no doubt a highly promising one (D. M.
Warburton, 1975).

Figure 2.50. Longitudinal observations in circadian rhythm development of the sleep-
ing and waking periods of three children with self-selected daily schedules. Note the
durations of individual circadian fluctuations. After T. Hellbriigge (1967).

2.2.6. Learning and Learning Dispositions

Most animal organisms can modify their behavior adaptively through individual
experience: they learn. The learning capacity of various species is not just based on
a general ability to learn but also on what is learned and when learning takes place.
Animals learn preferably that which contributes to their fitness, and this varies from
species to species, as do their innate learning dispositions. Initially behaviorists were
not aware of this fact; only much later did researchers like K. and M. Breland (1966)
acknowledge the presence of species-specific learning dispositions.

Classical learning theory distinguishes mainly between two types of learning: “clas-
sical conditioning” or “conditioned reflex type I” and trial and error learning (“instru-
mental” or “operant” conditioning, also known as “conditioned reflex 74 type II”). If
a neutral stimulus immediately precedes a stimulus that releases a specific reaction,
eventually the previously ineffective stimulus may release the response. Thus if a dog
is shown a piece of meat, it salivates (unconditioned stimulus: unconditioned response).
If a bell is sounded, however, just before the meat is presented, the dog associates the
bell signal with subsequent feeding, and after a number of paired trials starts salivating
at the sound of the bell alone. An initial perception is followed by a positive experi-
ence, and this leads to the signal activating specified behavioral patterns. I. Pavlov
worked with restrained dogs that could not do much more than salivate. He spoke
of conditioned reflexes. If he had worked with unrestrained animals, he would have
seen that he had actually activated an entire repertoire of appetitive behavior for food
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searching and intake. B. Hassenstein (1973a) updated the terminology to “conditioned
appetence.”

Negative experiences evoke specific aversive behavior: if a painful stimulus such as
an electric shock is preceded regularly by a previously neutral signal, the latter will
subsequently elicit the fear and escape reactions associated with the shock. This is
negative conditioning or “conditioned aversion” (B. Hassenstein, 1973a).

The operant conditioning processes which arise from the perceived changes brought
about by acting on the environment, must be distinguished from associative learning
based on perception coupled with positive or negative experiences. Man and animals
actively experiment by trial and error and learn from the success of their performance.
In this way, new uses of already existing behavior patterns or even new movement
coordinations will arise. An animal conditioned to open its cage by pressing a lever so
as to free itself or to obtain a food reward will retain this behavior, and systematic
reward parameters can enable the experimenter to link a chain of behavior patterns
into a highly complex sequence.

B. F. Skinner developed a high degree of skill at conditioning, e.g., by teaching doves
to play ball games. W. Verplanck told me that his students conditioned professors
by systematically reinforcing specific behavior patterns. If one of the professors was
accustomed to placing a foot on a chair during a lecture, the students increased their
apparent attention to his discussion. Female students would inconspicuously raise their
skirts just above the knee. If the lecturer left the chair, the students feigned less interest
and the skirts were lowered a few inches. Soon the lecturer was standing with one leg
on the chair, and finally climbed up on it. Another professor who continually changed
his position during lectures was conditioned with similar tactics to prefer a particular
part of the room and finally to deliver his talk from one corner of the lecture hall.

When negative experience follows some behavior pattern the behavior is extin-
guished. This is called “conditioned inhibition.” The basic learning processes involved
are shown below (Table 2.2) (after B. Hassenstein).

Table 2.2. Elementary Learning Processes from the General Concept “Learning by
Experience”

Learned

Behavior

Reward Conditioned appetence Conditioned action

Punishment Conditioned aversion Conditioned inhibition

According to E. von Holst (1939), new motor coordinations arise through a new
arrangement of central automatisms which enter into new stable phase relationships.
They form a new, transformable movement configuration. Acquired behavior patterns
are form constant; this is the reason that signatures can be used in identification (p.
25). Sensory feedback from the executing organs is not always necessary to form these
new phase relationships. Rhesus monkeys confined to a chair learned to reach toward a
cylinder at one location with a fully deafferentated arm in order to shut off an electrical
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shock announced acoustically (E. Taub et al., 1965). They could not see their hands
during the training phase or during the test. Von Holst indicated that it is not always
advantageous to practice the components of a new motor sequence individually. This
would necessitate that, for each learning step, the phase relationships present between
the motor cell groups must be interrupted and rearranged. To what extent this rule
holds true remains to be tested. It is also conceivable that already learned components
can be integrated to form new and more complex behavior patterns.

Not all motor learning involves integration. Through a detachment process, behavior
can be reduced to smaller units, this being a prerequisite for their voluntary availabil-
ity (Section 8.1). The development of directed grasping from reflexive grasping is an
example of this kind of “differentiation.”

Normally an animal’s behavior is modified on the basis of individual experience so
as to increase the animal’s chances of survival. Such behavioral changes presuppose the
presence of special phylogenetically developed, genome-coded programs that prepare
the individual for changes in its surroundings.

Generally, in the formation of a conditioned appetence or aversion, an immediately
preceding stimulus is associated with the conditioned stimulus. We mentioned the
pairing of the stimuli of food and bell, whereby the bell must sound just prior to food
presentation in order to be associated with it. If the bell is sounded afterward it is
not associated with the presentation of food. The organism is operating with an if—
then assumption, associating cause and effect on the basis of phylogenetic experience.
When two events occur simultaneously as described above, we tend to assume a causal
relationship between them. E. R. Guthrie’s (1952) contiguity theory assumes that
everything which is linked temporally and spatially becomes associated. This, however,
is not always the case. Innate programs provide the basis for other causative linkages.
J. Garcia and F. R. Ervin (1968) evoked physical nausea in rats using x-ray radiation.
This nausea, however, was not associated with the acoustic and optical signals present
at its onset. In fact, the test animals later responded by not eating foodstuffs which they
had consumed 1 to 2 hours prior to the test (see also J. Garcia et al., 1968). Humans
also associate nausea with prior food intake and develop the appropriate aversions.
Once again a predisposed knowledge based on phylogenetic experience determines
our concept of causality. There are various programs for causal linkages and thus
different forms of the causality concept. What is associated with what for reinforcing
or extinguishing behavior is programmed by species-specific learning dispositions.

Originally it was assumed that every stimulus associated with the fulfillment of
physiological needs (hunger, thirst, sexual requirements) would act as a positive re-
inforcer. Later it became evident that there are many other needs whose fulfillment
would be reinforcing.

Specific reactions such as digging and standing upright can be reinforced in 76 ham-
sters using food as a reward, while other responses, such as territorial marking, facial
grooming, and body care behavior in contrast, are suppressed by the same experimen-
tal procedures (J. S. Shettleworth, 1975).
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In humans learning is also induced by curiosity (p. 580) or the challenge of solving
a task. This holds true even for babies. If a buzzer is sounded when an infant turns its
head to the right, it quickly learns to make this movement, but as soon as it realizes
what the task is, it loses interest. When the program is changed, however, and the
buzzer sounds when it turns its head to the left, its interest is reawakened until it
has recognized the regularity of this process. A change in task will sustain interest
(T. G. R. Bower, 1977; H. Papousek, 1969; E. R. Siqueland and L. P. Lipsitt, 1965).
It is rewarding and apparently enjoyable for an infant to cause a reaction or activate
something. A child smiles more when it has learned to make a mobile move through
the performance of some learned task than if the mobile moves by itself. This has been
verified even in 2-month-old infants (J. S. Watson, 1971, 1972, 1979; J. S. Watson and
C. T. Ramsey, 1972).

At a very early age, babies recognize smiling and other forms of friendly atten-
tion, such as encouragement and praise, as rewards. They can be utilized as positive
reinforcers. The expectation of being praised, however, may be innate, because disap-
pointment when such expectation is not fulfilled can be observed even in small children.

Punishment does not always extinguish behavior. Some actions can be inhibited
through punishment, while others are enhanced. The effect of punishment varies be-
tween and even within a species depending on the motivation involved. If a rooster is
punished with an electric shock every time it displays, it will stop displaying; a condi-
tioned extinction has been developed. If the same rooster, however, is punished each
time it shows submissive behavior, then this behavior is reinforced, and the rooster
becomes more and more submissive. The function of these responses are obvious. Sub-
mission is a response to punishing stimuli emanating from conspecifics. Through sub-
mission, continued maltreatment is avoided. Similarly, children maltreated by their
mothers do not always show avoidance reactions. In contrast, they are, as a rule,
strongly bonded to their mothers. Chicks, ducklings, and rhesus monkey young will
follow their mothers even when they are punished for doing so (D. W. Rajecki et al.,
1978).

This behavior is adaptive under natural conditions, because when in fear or pain
it is best to seek the protection of the mother. In animals, it is improbable that the
mother herself should be the source of pain, and even in such cases, the seeking out
of her protection is useful as a submissive appeal. The youngster would certainly die
if abandoned. Adult baboons seek out higher ranking group members when they are
frightened, even if they are the cause of their fear. We know from human behavior that
fear evokes the desire for a strong, guiding personality. Bonding through fear is used
advantageously in dictatorships (I. Eibl- Eibesfeldt, 1970a).

Fear not only induces infantile behavior patterns associated with appeals for sympa-
thy, but also induces a childlike readiness to accept and learn. Thus adults in fear are
more amenable to change their beliefs or ideologies. When people are brainwashed, a
conversion by means of fear takes place. Timid behavior patterns, however, will hardly
be extinguished by punishment.
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Dogs punished by their trainers are more strongly bonded to them than those that
are handled kindly (A. E. Fisher, 1955). Objects offered to young animals as surrogate
mothers are accepted even when they deliver punishing stimuli. Chicks that had been
hit and knocked over by an imprinting object followed it particularly closely. Young
monkeys even accepted surrogate mothers that punished them for so doing by expelling
a draft of cold air (L. A. Rosenblum and H. F. Harlow, 1963). Juveniles of monkey
mothers that had been brought up in isolation and that were mishandled by these
mothers displayed a stronger preference for them than the young of a control group
(B. Seay et al., 1964).

The presence of the mother or surrogate mother provides the young with security.
Hen chicks peck at foreign objects or unfamiliar conspecifics more vigorously in the
presence of the imprinting object than when this is absent. Young rhesus monkeys are
less anxious in strange surroundings when they have some imprinting object with them
(even a towel; D. K. Candland and W. A. Mason, 1968). A badger I raised quickly
calmed down in unfamiliar surroundings when I held an object with its own scent
marks in front of its nose (I. Eibl-Eibesfeldt, 1950).

The human mother is undoubtedly a source of comfort to children and here, as well,
it is known that abused children generally have a very powerful bond with their parents
and protest, to the amazement of the authorities, when they are removed from their
care and placed in a foster home. D. W. Rajecki et al. (1978) found this surprising,
and felt that the ethological statement that a child is adapted to its mother had to be
revised:

Ethological theory emphasizes that infant behavior systems have been shaped by
the ordinary expectable environment and depend on that environment for their func-
tioning, yet infants of many species form bonds to objects not typical in any species
environment, or even to sources of maltreatment, (p. 417)

Elsewhere they write:

In terms of the behavior of social objects, can we possibly view abuse or maltreat-
ment as constituting part of an ordinarily expectable environment? These conditions
hardly seem conducive to the survival of the offspring, yet infants do become attached
to objects that severely maltreat them (p. 417).

To that we may respond that child abuse is relatively uncommon. Furthermore,
throughout the entire course of history, a child has had no other choice than to stay
with its biological mother. Certainly, a child that avoids its own mother out of fear
would hardly have any chance of survival.

In humans, fear evokes infantilization, which has the fatal tendency of making them
attach themselves in blind trust to leaders offering security (p. 184).

M. E. P. Seligman (1971) promoted a preparedness theory of phobia, which postu-
lates that humans are biologically prepared to learn to fear certain objects and situa-
tions which are threatening to survival. Rapid acquisition, irrationality, and resistance
are the main characteristics of this type of learning. We seem indeed to learn very
fast to avoid snakes and to fear spiders, but we seem much less prepared to associate
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dangers with a car, even though we are exposed on a daily basis to threats from the
traffic. Resistance to extinction of electrodermal responses established to fear-relevant
stimuli has been demonstrated experimentally. Ease of acquisition, however, has so far
received only minimal or equivocal support (R. J. McNally, 1987).

The hedonics of operant learning advanced with the discovery that rats rapidly
learn to self-stimulate certain hypothalamic areas electrically, the stimulation being
78 their only reward. Special pleasure centers and pathways were postulated (J. Olds,
1956), that is, natural reward systems that are normally activated by the performance
of certain behaviors. Later investigations suggested that the hedonic pathways main-
tained by intracranial self-stimulation share a common pharmacology, whereby the
hedonics of motivation is paralleled by a hedonics of learning. According to the in-
teresting, although still speculative, investigations by L. Stein (1980), neurohormones
motivate, steer, and terminate response sequences by providing satisfaction at each
step. Dopamine acts as an incentive activating pursuit behavior, noradrenaline acts as
a reinforcer guiding response selection via knowledge of response consequences, and
enkephalin brings the behavioral sequence to a satisfying conclusion, thus causing grati-
fication. Less is known about the aversion centers, except that there are corresponding
areas in the brain mediating displeasure and discomfort, causing aversive responses
(for an excellent discussion of the subject of motivation and learning, see K. Bailey,
1988).

Learning can be obligatory at a particular period in ontogeny and within a specific
functional system. Thus many animals demonstrate sensitive phases during which they
are particularly receptive to specific learning experiences. Examples are acquisition
of knowledge concerning the characteristics of a sexual partner or knowledge of the
species-typical song. They often cling so firmly to what they have learned during these
sensitive periods that the phenomenon has been called “imprinting.” In contrast to
classical learning theory, primacy of learning experience, in this case, outweighs recency.
Imprinting has been investigated in depth (K. Immelmann, 1965, 1970, 1975; E. H.
Hess, 1975; P. Marler and S. Peters, 1977; W. H. Thorpe, 1961; St. Green and P. Marler,
1979) ever since Lorenz (1935) discovered sexual imprinting. Song sparrows (Melospiza
melodia), zebra finches (Taeniopygia castanotis), and other songbirds memorize their
species’ song during a sensitive period which occurs before they are able to sing, and
the birds later sing from memory. In other birds, inborn templates determine what is
learned (p. 66).

Object imprinting is a learning disposition first recognized by Konrad Lorenz. Duck-
lings and goslings have an innate following response. They walk toward objects larger
than themselves, particularly when these objects utter certain attracting sounds—here,
an innate preference for the species-specific “attraction” call of the mother could be
demonstrated. Surrogate objects such as a ball, a stuffed cube, a hen or even a per-
son can elicit the following response. These then become the surrogate mother for the
young. Obviously, no phylogenetic protection preventing such mistakes has evolved,
since, in nature, there is such a low probability that a duckling would be raised by a

86



different species. A program which relays the information: “Follow the object you are
near when you hatch!” is sufficient to bond mother and offspring. The bond thus estab-
lished is a powerful one. If the duckling follows a certain object for a while, it becomes
“Imprinted” on that object and the readiness to follow other objects disappears (K.
Lorenz, 1935). If a gosling follows a human for a short period of time, for example, it
will no longer even attempt to follow its natural mother. The bond thus formed ranges
from merely resistant to change to irreversible, depending on the species. The sensitive
period is another important characteristic of imprinting. It is only during this phase
that the duckling can be imprinted. What is actually imprinted is the following of a
certain object. Behavior patterns from the sexual behavior functional system are also
imprinted at the same time with respect to a certain class of objects, although these
behavior patterns have not yet matured. In this case, the imprinted animal abstracts
the species characteristics of the imprinting object. If the imprinting object is a person,
the bird will later court humans. The situation with the program to follow is more
complicated. It seems that in some cases, the following response to auditory stimuli
can be universally imprinted to a class of objects, whereas the animal will follow only
a specific individual mother or mother surrogate if visually stimulated. Lorenz estab-
lished this in his experiments on graylag geese. Goslings from different broods were
mixed and then released as a group. They recognized and followed their mother, or
their foster mother, respectively (in this case Lorenz himself). The program to follow
is constructed in such a way that the juvenile feels comfortable and self-assured in the
presence of its mother; it then explores and behaves aggressively toward other young
introduced into the group. The absence of the mother illicits fear. The juvenile then
attempts to contact her with distress calls. Pain and fear enhance the search for con-
tact, even when the following response is experimentally punished (J. K. Kovach and
E. H. Hess, 1963; J. E. Barrett, 1972; E. A. Salzen, 1967).

Neurobiological studies revealed that the imprinting experience causes a reduction
in the number of the spines of the dendrites of the neurons, which process the im-
printing stimulus. Since the spines are the contact zones with other neurons, there
is a corresponding reduction in interneuronal connections. When domestic chicks got
imprinted to follow a pure tone, the spines of particular neurons in the auditory area of
the chicks forebrain proved to be reduced by 45% versus the nonimprinted controls. Af-
ter imprinting to the natural call of the hen, which is characterized by a broader sound
spectrum, the reduction in the number of spines in the same neuron type amounted
to 27% of the controls (E. Wallhausser and H. Scheich, 1987). Through the reduction
of spines the neurons become irreversibly tuned for the perception of only particu-
lar stimuli. A similar narrowing of the perceptive potential of neurons was found to
take place during the song learning of the Beo (Gracula religiosa), a bird belonging
to the starling family (G. Rausch and H. Scheich, 1982). This reduction of synaptic
connections thus distinguishes imprinting from other processes of learning, which are
characterized by the increase of interneuronal connections.
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Object imprinting can take place at a time well before the behavior patterns targeted
for the object have actually matured. This is the case in sexual imprinting. Hand-
raised male jackdaws and parakeets are found to be sexually imprinted on humans
when mature. Even if they are only kept with conspecifics afterward, as soon as they
attain maturity, they prefer humans as sexual partners and court them. Thus sexual
imprinting has occurred long before. This shows us that recent experience does not
always carry the most weight.

People also develop inhibitions during a particular sensitive period against sexual
attraction to a member of the opposite sex with whom they have grown up. Their
relationships are fraternal in nature, even if the other person is unrelated (see incest
taboo, p. 261).

2.2.7. Cultural Transposition of Innate Dispositions

Phylogenetic adaptations of the kind described in the previous sections affect hu-
man cultural behavior in manifold ways. C. G. Jung believed that the artistic creations
of mankind were the expression of an archetypical foreknowledge. Although his studies
were restricted to psychoanalytic interpretation, which largely dispensed with compar-
ative cultural investigations, his intuition was correct.

If we examine the figures and amulets made by humans in order to banish various
kinds of danger we are struck by the fact that these often display an erect penis. This
is usually combined with a threatening facial expression and other menacing postures
(Fig. 2.51). These are examples of phallic threat, which we can interpret as ritualized
threat mounting and for which various homologous behavioral patterns exist in a
number of monkey species (I. Eibl-Eibesfeldt, 1970;

I. Eibl-Eibesfeldt and W. Wickler, 1968; W. Wickler, 1967a).

When a vervet monkey troop forages on the ground, several males will "stand guard”
with their backs to the troop. They spread their legs slightly and display their colorful
sexual organs. In these monkeys the scrotum is blue and the penis is bright red; here
signal effect appears to have been selected for. The guarding is directed toward con-
specifics of other vervet monkey groups, and if they approach too closely, the guards
develop erections. Similar display behavior has been observed in a number of other
primates (D. Ploog et al., 1963; W. Wickler, 1965, 1967a). This behavior can be in-
terpreted as a ritualized threat mounting. Mounting is used as a sign of dominance in
many mammals, and as such, is detached from its original function of copulation; it
has become a sociosexual signal.

A comparable phallic threat is found in humans. Various New Guinea tribes em-
phasize the phallus with phallocrypts (penile sheaths). If the Eipo wish to mock an
adversary, they loosen the cord that holds the tip of the penile sheath to the hips
and jump up and down in one place, usually on some elevated spot that can be seen
far away. The penile sheath thus swings prominently up and down. When they are
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frightened or surprised, they click their thumbnail against the sheath to ward off the
possible danger with this threat gesture (I. Eibl-Eibesfeldt, 1976). Phallic threat oc-
curs indirectly in other cultures through the use of wooden figures to mark boundaries
or frighten away evil spirits. Smaller figures of this nature are also used as amulets to
drive away misfortune ascribed to evil spirits. Such apotropic figures and amulets are
found throughout the world. In the literature they are often misinterpreted as fertility
demons, probably because investigators did not know how they were arranged and
used. Even the word “demon” indicates the deterrent characteristics of these figures’
expressions. The figures from Bali, for example, display their threat function by their
bared teeth, protruding eyes, and other characteristics of hands and even buttocks that
clearly signify repulsion (Figs. 2.52, 2.53).

In ancient Greece, phallic symbols (Hermes) were placed at crossroads and along
borders. They depicted a man’s head with a beard and an erect penis. Many Ro-
manesque figures adorning the windows and entrances of churches are phallic and act
as guards to repulse evil. In earlier times, mens’ clothing often emphasized the genital
regions in many parts of Europe. This is especially obvious in the clothing of medieval
mercenaries (Lansquenets). It is certainly no accident that phallic display on one’s own
body was maintained so long among these people, for the mercenaries had to compete
for employment by particularly aggressive display. Phallic display has largely regressed
in mass society as part of the suppression of provocative stimuli, but there are still fig-
ures of speech suggesting male dominance threat. Thus the Arabs have the expression
“Phallus in your eye,” the English “Fuck you” and the French equivalent is “Allez vous
faire foutre.” Aggressive verbal contests between Turkish men also refer to the sex act
(p. 541). Here, so to speak, instinctive behavior is verbalized, a topic we will discuss in
more detail subsequently. Aggressive mounting in humans still occurs, in exceptional
cases, with the intention of humiliating and subjugating the other party. Thus the
last Algerian consul was ritually raped by the rebels. Until recently, young Hungarian
shepherds suffered a similar fate if they trespassed onto another’s grazing territory.
The erect phallus often becomes a sign of elevated rank and demands respect. There
are many idols shown with an erect penis (old Germanic, Egyptian, Indian, Mexican).
D. Fehling noted that the phrase used by some authors in antiquity, "a man with tes-
ticles” expressed great respect for the person being described. There are also modern
terms with similar significance, such as the Italian “cazzo” and the German negative
counterpart “Schlappschwanz.” Other examples are cited in I. Eibl-Eibesfeldt and W.
Wickler (1968), 1. Eibl-Eibesfeldt 1970, D. Fehling (1974) and D. Rancourt-Laferriere
(1979).

Figure 2.51. Apotropaic figures from Bali in frontal and lateral view. Each of the
crouching figures shows a threatening facial expression and a phallic threat. The lateral
view shows that each also pulls its buttocks apart. Offerings are placed on the small
tabletop on the upper figure’s head, thus combining threat with appeasement. Photo:
I. Eibl- Eibesfeldt.
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Figure 2.52. Japanese phallic amulets. Upper: phallic bear. The phallus on the base
is normally screwed with the baseplate into the figure. Lower: amulet with threatening
facial expression and hidden penis on the rear behind a sliding plate. Drawing: H.
Kacher after the original from I. Eibl-Eibesfeldt, 1970).

Figure 2.53. Eipo with phallocrypt (In, Irian Java/West New Guinea). Photo: I.
Eibl-Eibesfeldt.

The above examples should suffice. In the section on art we will concern ourselves
further with the theme of cultural transposition of innate dispositions.

2.2.8. Actions, Sequences of Actions, and Goals:
The Hierarchy Concept and the Concept of the
Pathway Network

Craig’s schema—appetitive behavior-releasing stimulus—consummatory act de-
scribes the exceptional case. Usually an animal is led by a series of behavioral steps
(actions) toward a final goal, of which, in most cases, it is not aware, but which the
observer may be able to discern. Since each behavioral step has its own appetite
component (appetence), an animal thereby follows a chain of appetences.

Niko Tinbergen (1951) showed that in spring, sticklebacks migrate in schools to
their spawning sites in shallow water. Once they arrive, males take up their territories
and only then do they undergo color changes, become aggressive, prepare for courtship
and nest building, and perform other reproductive behavior patterns. Tinbergen devel-
oped the concept of a hierarchical organization of functional centers that are mutually
inhibitory on one integrational level and which are stimulated by external and internal
motivating factors and are activated by specific releasing stimuli. He designates the
organization of functional centers of different integrational levels as instincts of various
levels, and speaks of a "hierarchy of instincts.” Increasingly interconnecting networks
occur at lower level consum- matory acts (swimming, biting), since these individual be-
havior patterns can also be used in different behavioral contexts (fighting, courtship,
etc.). Electrical brain stimulation studies on chickens (E. von Holst and U. von St.
Paul, 1960) suggest a similar hierarchical organization of behavior. The manifestation
of the behavior patterns at a certain level is organized by their individual threshold
values and by specific innate releasing mechanisms. Thus, via various appetitive be-
havior patterns, the animal progresses through this hierarchical system to the consum-
matory act, of which it need not have concrete knowledge. The almost machinelike
functioning of insects is a typical example of this hierarchical organization. In birds
and higher mammals, however, we may assume that appetitive behavior is probably
guided by a conscious awareness of the consummatory goal. Thus a male dog in a
hunting mood will intentionally seek out some distant chicken farm that it obviously
remembers from prior experience, and obstacles or detours will not prevent the dog
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from finding it. All this depends upon the dog’s particular motivation created by its
“parliament of instincts.” If the dog is not only motivated for hunting but also fearful,
the appearance of danger may cause it to abandon its search or make a wider detour.
If the male encounters a female, her presence may temporarily interrupt his hunt, and
depending on his mood he can be diverted from his former goal, but to the observer
he will act as if driven by specific goal expectations. Objectively, however, we cannot
prove the role of insight in such a situation.

In contrast, human behavior is guided primarily by the awareness of concrete goals.
A regulated series of behavioral steps leading to specific goals is always present, but
each goal can be attained in various ways. Thus we can describe behavior in the
form of a pathway network with several choice points. The decisions made at these
points depend upon the person’s motivational state, the stimuli, and quite decisively
on personal experience. This makes human behavior very variable but not entirely
unpredictable. Cultural convention and phylogenetic adaptation drastically restrict
the range of possible behavior. Generally, people follow similar strategies to attain
the same kinds of objectives. There is a universal grammar structuring our social
interactions, which will be explained later section.

Summary 2.2

The fixed-action pattern (inherited movement coordination) is a fundamental etho-
logical concept. Form-constant behavioral sequences arise from central nervous gen-
erator systems, these often being already coordinated centrally so that well-ordered
impulses are transmitted to the muscles. Feedback can be either inhibitory (negative)
or facilitative (positive) depending upon the existing program.

Fixed-action patterns are not rigid but are form constant; that is, the phase rela-
tionships of the muscle actions utilized in the movement, like a "musical score,” remain
constant, enabling the movement to occur as a transposable yet recognizable config-
uration. Furthermore, fixed-action patterns are not defined by form constancy alone.
As the name suggests, its innateness is an essential criterion. 84 Thus in a process
of self-differentiation based upon developmental instructions laid down in the genes,
the neuronal networks and their connections together with sensory organs and effec-
tor organs responsible for a particular behavior pattern, grow to functional maturity.
Fixed-action patterns are, in general, integrated with orientation movements to form
higher functional units known as instinctive acts. The study of children deaf and blind
at birth of infants, comparisons between species, and cross-cultural studies strongly
suggest that human beings are equipped with a basic repertoire of fixed-action pat-
terns.

Perception as well, at different levels, is determined in part by phylogenetic pro-
grams, and some transmodal capacities can be ascertained in the same way in different
sensory realms. This holds true for categorical perception as, for example, in color per-
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ception and syllable perception. The “orderliness of the senses,” however, also shapes
higher cognitive functions. The Pragnanz tendency can also be verified across sense
modalities. Our perception emphasizes certain characteristics more distinctly and lev-
els out others. This, in general, acts to simplify or schematize our visual as well as
linguistic perception.

The key stimulus-IRM concept is particularly significant for explaining certain hu-
man responses. Specific stimulus receptors and information processors have evolved
as an adaptation to stimuli which report on contingencies relevant to the organism.
They are so constructed that they respond to a few key characteristics of the stimulus
situation. They act as stimulus filters and are so integrated with the motor system
that specific behavioral sequences, such as avoidance of predators or prey capture,
are elicited upon presentation of the appropriate key stimuli. We speak, therefore,
of innate releasing mechanisms (IRMs). Reciprocal adaptations between sender and
recipient have evolved for social communication, and the signals used in such social
communication are known as releasers, for example, facial expressions and some of the
“signals of babyishness.”

The neuronal structures in which an a priori knowledge about expected behavior
is preserved are called “templates.” Behavior is compared against them and they thus
have a normative function.

Behavior is not always just a “response,” however, as classical reflex theory has
postulated. More often, organisms are constructed so that they are in themselves active
creatures, driven by a multitude of differently structured motivating mechanisms. Their
effect leads animals and man to search with appetitive behavior for stimulus situations
that evoke specific behavior patterns. Neurogenous motivation is of great importance
here. Automatic groups of motor cells drive the fixed-action patterns. Emotions are
experienced as subjective correlates of behavior and perception. They are universal
entities in man.

The individual modifiability of behavior is often determined by phylogenetic adap-
tations in a very specific way, for there are innate learning dispositions. It is not true
that everything can be learned and forgotten equally well at the same time or that
the temporal and spatial coincidence of events is always considered as having some
causal relationship. The phylogenetically developed hypotheses underlying learning in
organisms are often much more highly differentiated. Thus organisms associate rele-
vant events: nausea is associated with something eaten previously and not with events
occurring at the time the nausea commences. An organism can react with different
learning responses, depending upon functional relationships and motivations, to one
and the same stimulus situation. Specific information is often acquired only during a
well-defined sensitive period. Phylogenetic preprogramming also plays a role in human
cultural expressions, such as in sculptures with an apotropic function.

Behavior is organized hierarchically. This ordering becomes less binding with in-
creasing levels of development. The network integrating various behavioral systems
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increases as does the instrumental availability of the preprogrammed behavioral reper-
toire.
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2.3 Decoupling of Actions from
Drives and Conscious Self-Control:
The

2.3.1. Neuroethology of Human Freedom

Freedom has different meanings. Human beings want to be free from restrictions by
others. They want to act upon their own decisions and to express their opinions freely.
This social aspect will be dealt with later. Humans furthermore subjectively experience
that they can choose to do some things and avoid others; that they have freedom of
choice between various alternatives. A person sets goals for himself, mentally contem-
plates various strategies for their achievement, and finally chooses some strategy that
he thinks appropriate. The weighing of alternatives necessitates that he judge things
from a distance, even when the goal is the satisfaction of a drive. Humans are able to
postpone the fulfillment of a drive and thus to decouple themselves from it so that they
can create a relaxed field that permits them to weigh alternatives and respond sensibly.
Animals display this ability to a limited extent, and their appetitive behavior is played
out in a field without tension' (G. Bally, 1945). If, however, the animal perceives releas-
ing stimuli that correspond to its motivational state, its innate mechanisms are fully
activated so that a largely predetermined sequence of instinctive behavior patterns
are released, leading to some cut-off, consummatory (drive-satisfying) act or situation.
Mammalian play is a great step toward the autonomy of behavior, since here is the first
time that we find actions actively decoupled from specific drives, i.e., the motivating
systems which normally activate them.

A badger can “play fight” without becoming aggressive, and is thus able to use its
behavior patterns so “freely” that it can combine those of several different functional
systems in a way that could not occur in a “serious” encounter (Section 7.2). In play,
actions appear to be decoupled from the higher level of organization that normally
activate them. This permits experimentation and active learning, during the course
of which even new patterns of movement may be acquired. And this lies at the roots
of our ability to distance ourselves from a problem and attain a degree of “rational
freedom.”

! In psychoanalytical terminology these objects are designated as “transition objects.”
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In humans the ability to act freely in terms of selecting between alternatives is
particularly pronounced. This we experience subjectively as “freedom of choice.” This
“freedom” must not be equated with “nondeterminism,” for goal perceptions and norms
used in making choices structure our decision-making process. “Freedom” in the sense
of “nondeterminate” would be a concept devoid of any meaning.

Freedom, according to F. Seitelberger (1981, p. 27), “exists not in real or conceptual
objectivity, but in the self-reflection of the acting subject. Therefore freedom does not
mean acausality but autonomy. . . .” In this connection, Seitelberger indicates the
significance of cerebral cortex development—the “ corticalization” which results in our
drives being controlled consciously, this leading to their humanization.

However, corticalization is only the first important step toward behavioral selfcon-
trol. The second step is lateralization, the division of tasks between the two brain
halves. The studies of R. W. Sperry (1964), R. W. Sperry and B. Preilowski (1972),
J. Levy (1972), and M. S. Gazzaniga et al. (1963, 1965, 1977) have shown that the
two cerebral hemispheres are so specialized for different tasks that, roughly speaking,
speech and verbal/mathematical thought processes are localized in the left half while
the right half controls the integrative capabilities of perception and emotional and
artistic talents.

People whose left hemisphere is damaged have impaired speech but are emotionally
intact. They show sympathy and emotionality and are also musically competent. Those
with right hemisphere damage, in contrast, are emotionally disturbed; they have shal-
low emotions or show atypical euphoria, and lose the ability to empathize with others.
They have no sense of humor, are not musical, and have extremely limited integrative
faculties.

Thus our left hemisphere is to a certain extent the analytical and technical brain,
while the right is the emotional and integrative one. The hemispheres are joined at
the base by a thick bundle of nerve fibers, the corpus callosum. During orgasm, for
example, we can register theta waves from the right hemisphere, these being indicators
of activity while alpha waves can be registered from the left hemisphere, these being
typical of the brain at rest.

Interestingly, the posterior section of the corpus callosum is thicker in women than
in men (C. de Lacoste-Utamsing and R. L. Holloway, 1982). Maybe this difference in
the connection between the two halves of the brain could be responsible for differences
in the emotionality between men and women. Actions lacking in emotionality appear
to occur less frequently in women than in men. This could be due to a woman’s
role in infant and child care, which requires constant emotional bonding in almost all
circumstances and a man’s role in defense and aggression, which frequently requires
detachment of emotion for effective action. Certainly an excess of love is less harmful
than an excess of aggression, which must therefore be particularly well controlled.
Men need aggressive emotionality in particular phases of fighting competition, but
aggression needs to be controlled to prevent a fight from escalating and becoming overly
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destructive. In this sense, for men, a more distinct separation of the more rational brain
from the more emotional brain could be advantageous.

The left visual field projects into the right hemisphere and the right visual field
into the left hemisphere because of a partial crossing over of the optic nerves in the
optic chiasm. Auditory nerves also cross in the same way, while olfaction is ipsilateral.
If the corpus callosum is severed, the verbal left half of the brain is unaware of what
the right half sees, and vice-versa (Fig. 2.54). If, for example, the word “nut” (as in
nut and bolt) is projected onto the left visual field, it will be transmitted from there
to the right hemisphere and conducted further via various cognitive networks to the
motor cortex controlling the left hand. The test subject can select the nut from an
assortment of other objects with the left hand without any visual guidance. But if
asked, the subject cannot say what the left hand is searching for and finding, because
the left hemisphere (representing the verbalizing test subject) is unaware of what has
happened. As a representative of the rational brain, the left hemisphere attempts
to interpret behavior. As the experiments of J. E. LeDoux et al. (1977) show, such
hypotheses need not correspond to the 87

Figure 2.54. Projection diagram of the left and right visual fields to the left and right
visual cortex, arising from the partial crossing in the chiasma opticum. The diagram
also shows other sensory inputs from the right extremities to the left hemisphere and
from the left extremities to the right hemisphere. Auditory input shows a similar
crossing, while olfaction is ipsilateral. The figure depicts writing with the right hand
as programmed by the left hemisphere. From R.W. Sperry (1974).

actually perceived reality. They showed a split-brain patient (after separation of the
two hemispheres by severing the corpus callosum) two different pictures: on the left a
winter landscape with snow (for the right hemisphere) and on the right side a hen’s
foot (for the left hemisphere). The subject then was given a series of other pictures
and asked to point out what he had seen before. With his right hand (left hemisphere)
he chose the picture of a hen, and with his left hand (right hemisphere) a picture of a
shovel! When asked what he had seen, he replied (by means of the verbally competent
left hemisphere): ”A hen’s foot, which is the reason I chose the picture of the hen, and
a shovel for removing the hen’s droppings” (Fig. 2.55).

The patient behaved as if the left hemisphere formulated a hypothesis based on
what it perceived, at the same time rationally integrating the visual impressions of the
right hemisphere without being aware of what should have corresponded to the visual
information seen on the right.

The differential functional specialization of the hemispheres allows man the freedom
to modify the influence of different aspects of his personality by varying their activa-
tion. We can consciously switch our thoughts to objectivity and, in doing so, the left
hemisphere becomes, so to speak, a mirror in which we reflect our alter ego localized
in the right hemisphere. The evolution of speech may have been responsible for this
capacity of conscious reflection. Speech translates actions, and this requires a certain
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capability of self-observation, thus achieving a certain objectivity toward oneself (p.
527).

Introspection shows us that we are indeed able to adapt to different levels of ob-
jectivity or emotionality, and it seems to me as if the two hemispheres are like two
brothers who at times become rivals and struggle for dominance. The left hemisphere,
in its striving for objectivity and sobriety and in art, for abstraction, may attempt
to dominate and even intellectually belittle our emotional ego. We sometimes think of
such a person with a left brain dominance as a “cold intellectual.” Studies with subjects
having a severed corpus callosum indeed show that two distinct perceiving and feeling
personalities actually coexist here. They are normally joined symbiotically, are aware
of each other, and act in concert, but man can also deliberately attach more weight to
one or the other side of his nature (ego).

P. D. MacLean (1970) categorizes specific behavioral capabilities to hypothetical
developmental stages of the brain, speaking of a "triune” (or "tripartite”) brain. These
three divisions are anatomically distinguishable. The old reptilian brain encompasses
the anterior brain stem, the reticular system, and the mesencephalon. The paleomam-
malian brain grew out of the reptilian cortex and corresponds to the limbic system,
which was overgrown by the expanding neomammalian brain. This model explains
a number of characteristics of hierarchical neural organization. In simplified terms,
the protoreptilian brain controls phylogenetically preprogrammed behavior. The pale-
omammalian brain improves our ability to adapt through learning, a first step toward
the release from the rigid instinct dependency. The neomammalian brain provides the
objectivity enabling the organism to detach specific actions from rigidly programmed
control. Play only becomes possible at this level of development. In man’s social behav-
ior the agonal reptile heritage of a sociality based upon dominance and submission is
supplemented by mammalian affiliative sociality characterized by the capacity to act
in a friendly manner and by individual bonding which characterizes love (see p. 167).

Lateralization in the form of differential specialization of the two hemispheres en-
ables the tripartite brain to develop into a ”’fourune” or ”’quadrupartite” one, following
MacLean’s terminology.

Summary 2.3

Vertebrate cerebral evolution involved an increase in corticalization enabling the
organism to temporarily decouple behavioral patterns from the rigid brain stem control,
thus creating a tension-free field providing the opportunity for detached reflection
and experimentation on a trial-and-error basis. In humans, through the process of
lateralization brain functions have become even further specialized by separating the
brain’s hemispheres into a rational-analytical left and an emotional right brain with
configurational-integrating and creative abilities. This division of labor enables man
to detach himself objectively from his emotional ego and thus to exert conscious self-
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control by means of reflection and introspection. Our capability and tendency to engage
in dialectic and polarizing thought processes is probably based on this division of labor
specialization. A quadrupartite brain has developed from the tripartite (“’triune”) brain
of higher mammals.
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2.4. The Units of Selection—A
Critical Evaluation of Sociobiology

With the appearance of E. O. Wilson’s Sociobiology (1975), a new branch of ethology
came into being which included theories and approaches from ecology and population
genetics. Sociobiology has evoked a lively discussion, which was sometimes produc-
tive while at other times less so. The cost-benefit calculations of this discipline have,
however, without doubt contributed to our understanding of evolutionary mechanisms.

Cost-benefit calculations are based on the fact that fitness is ultimately measured
by genetic survival. Organisms that do not pass on their genetic material will die
out. Everything which reduces reproductive success is therefore considered as a cost.
Thus every risk and investment in time and work must be calculated as such. If one
individual invests in another, then the balance must not be a negative one if he is to
increase his fitness. The benefits factor, measured by success in passing 90 on one’s own
genes (reproductive success), must outweigh the costs. An organism acts adaptively
when it behaves in such a way as to maximize the propagation of its genes through
its behavior. It is therefore often stated that organisms are perfect machines for gene
propagation, a suitable if highly oversimplified concept. It must be made clear that
one can be misled by taking this statement too literally and conceiving of organisms
as nothing but accessories which the genes created for their own propagation. This
might have been true at the most primitive levels of development, when the first self-
replicating molecules formed protective sheaths and other organized structures. In
higher organisms, however, a level of existence is achieved where such a description
does not apply. One should therefore avoid using the term “selfish genes™ (R. Dawkins,
1976), for there are already enough uncritical readers who take this expression literally.
To define the problem, it is probably opportune for didactic reasons to state that
everything a gene “does” aids in its survival. One must always remember, however, that
organisms and genes form a functional unit and that it is of little use to discuss whether
a hen is the method by which eggs reproduce themselves or vice versa. Emotional terms
or aspirations such as “selfish” can only apply to organisms and not to genes themselves.

There was also a terminological confusion concerning the units of selection. For
Dawkins it was the genes. Others spoke of individuals or closely related groups of
individuals as the units of selection. Both meant, of course, different things with the
same expression. Those who spoke of the genes meant the units that were ultimately

L E. Mayr (1976), M. Midgley (1979), and M. A. Kaplan (1979) also warn about such terminology.
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selected. Those speaking of individuals meant the units on which selection actually
operated. How selection operates and what is ultimately selected by this process were
not clearly separated.

The question of how animals and man should behave in order to facilitate the
propagation of their genes has evoked numerous mathematical cost-benefit models. Of
the many problems tackled by sociobiologists, the question of how altruistic behavior
evolved has received most attention and emphasis and this has created a new discipline.
Models of individual, kin, and group selection were discussed.? Darwin (1859) was the
first to recognize the problem of altruistic behavior when he investigated the social
insects. The problem appeared to him almost unsolvable and in contradiction to his
theory. He presumed that a form of group selection was operating here. The sociobi-
ological calculations were the first to demonstrate that these and other examples of
altruism can be explained by individual selection.

Sociobiologists, to begin with, prefer models based on the assumptions of individual
rather than group selection for two reasons: (1) mutations appear in the genotypes
of single individuals and thus they must first be propagated by individual selection
throughout the population. (2) Differential reproduction of individuals throughout the
Animal Kingdom is probably more significant than the differential suppression and
disappearance of entire groups of organisms. Individual selection is therefore more
significant than group selection in most animals (G. C. Williams, 1966). The latter,
however, should not be excluded completely. It should only be considered though when
simpler explanations will not suffice.

The development of the concept of inclusive fitness (originated by J. B. S. Haldane,
1955) was perhaps the most significant contribution to the understanding of the evo-
lution of altruistic behavior. With inclusive fitness, the concept of fitness, previously
measured by number of surviving offspring of an individual, was extended to not only
an individual’s own offspring but also those of close genetic relatives who share a high
percentage of the individual’s genes or alleles. In terms of behavior, this means that
investments in offspring of close relatives should be roughly in proportion to degree
of relatedness. W. D. Hamilton (1964) developed the concept further after a thorough
reconsideration of its tenets to be applied to cost-benefit analysis. It is based on the
following arguments.

If an individual who has not reproduced sacrifices itself to save another, then it is
obvious that its genes will not survive in any of its own offspring. If we consider the
genes alone, it is clear that it is not only the survival of the individual’s own offspring

2 R. D. Alexander (1974, 1978, 1979), W. D. Hamilton (1964, 1972), J. Maynard-Smith (1964), E.
0. Wilson (1975), R. L. Trivers (1971), B. J. Williams (1974, 1980, 1981), D. S. Wilson (1975, 1977), S.
Yokoyama and J. Felsenstein (1978), D. P. Barash (1977), W. Charlesworth (1978), R. Dawkins (1978,
1979a, b), M. K. Uyenoyama and M. W. Feldman (1980), M. J. Wade (1978, 1980), M. J. West-Eberhard
(1975), W. Wickler and U. Seibt (1977), G. C. Williams (1966), J. H. Barkow (1978), K. E. Boulding
(1978), N. A. Chagnon and W. Irons (1979), D. T. Campbell (1975), D. L. Hull (1978), M. J. Konner
(1977), H. Markl (1976), and others.

100



that counts but also the survival and reproduction of all individuals which share a
certain percentage of the altruist’s genes. Sociobiologists base their calculations on the
fact that individuals share on the average of 50% of all their rare genes with their
offspring and siblings, 25% with their grandchildren, nieces, and nephews, etc. Thus,
if one individual sacrifices itself to save two of its offspring or four of its grandchildren,
cost and benefit would be in balance. Of course, these are very rough estimates, for
a large number of other factors must be included in the calculation, for instance, the
age of the altruist. If the altruist is very old and thus has little chance of reproducing,
then it would be genetically profitable for it to risk its life for even one grandchild. Fur-
thermore, all these calculations are only valid for those rare genes which characterize
the individual or its group. The vast majority of genes are shared with all other group
members.

Based on these assumptions, one can construct mathematical models that permit
experimentally verifiable predictions.> The concept of kin selection maintains that in-
dividuals must behave altruistically in such a way as to promote others according to
the degree of their genetic relationship in order to increase their inclusive fitness. It is
in this sense that we should understand the frequently used term “genetic selfishness.”

W. D. Hamilton (1964) used this model of kin selection in a brilliant analysis to
explain the evolution of social organization in the social hymenopterans. Sterile workers
invest in sisters at the expense of their own reproduction, and they derive a greater
genetic profit by investing in the queen and her young than if they produced offspring of
their own. The relationship coefficient between siblings is 0.75, because all individuals
share the genes of their haploid father and, in addition, another 50% of the genes from
their diploid mother. Hamilton thus solved the puzzle that had stumped biologists
since Darwin’s time.

However the concept of “genetic selfishness” has generated some biological concepts
that must be reviewed critically. It is true that there are cases in which individuals of
one species place their individual interest above that of the group or species interest
and in conflict situations choose their personal interest in preference to that of the other
conspecifics involved. Many sociobiologists, however, maintain that this is a general
rule, and this generalization is obviously premature.

In this context we have to distinguish between short- and long-term effects of se-
lection. Changes brought about by individual selection may affect fitness of a closed
population in competition with others and what may be selected as fit in the short
term by individual selection may, in the long run, lower the fitness of the group. This
could, for example, happen to human populations should individuals with criminal
or other dispositions which are detrimental to the interests of the group increase in
number. Thus far the discussion has focused too narrowly upon short-term effects of
selection.

3 This can be observed by comparing the variety of survival strategies utilized by different cultures.
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A series of dramatic examples have been used to demonstrate ruthless genetic selfish-
ness, a classic one being that of the Entellus or Hanuman langurs (Presbytis entellus).
Y. Sugiyama (1964) observed that in some instances after a new male had taken over
a harem, the young of the previous harem male were injured or killed, and Sugiyama
assumed that this was done by the new male. Later S. M. Mohnot (1971) and S. Hrdy
(1977a, b, 1979) reported other instances of infanticide, but only in certain populations
of these langurs. This behavior was interpreted as the “reproductive strategy” of the
usurper. By killing the predecessor’s young, the females would come into estrus again
and be mated by the new male. In this way the usurper increases its own reproductive
success at the cost of its predecessor’s and, of course, that of the females, who have
already made substantial investments in their murdered offspring.*

This generalization soon led to the statement that this is a reproductive strategy
used by many primates, and reports of the disappearance of young in other species
proliferated; the presumption that these were all killed by the male was coupled with
hints about human history also being filled with reports of infanticide. B. C. R. Bertram
(1976) reported that male lions killed their predecessors’ young upon taking over a new
harem.

An infanticidal male, however, would also be destroying many of his own genes,
for within populations every member is related to every other one. Infanticidal genes
could only succeed in this manner when they appeared first. The time would soon
come for the murderer to loose all he had gained at the onset, if the number of murder
mutants would increase so that the next newcomer would then kill the murderer’s own
offspring. At best, such mutants could manage to be sustained for a small percentage of
a population, who, in turn, might be weakened as a longterm consequence of an increase
of murderous individuals. One would then be justified to speak of them as “pathologies,’
that is, of maladaptive deviations since their “strategy” evidently fails in the long run.
Some of these deviants may just occur as mutants from generation to generation, just
as genetic diseases (such as Down’s Syndrome) are sustained due to the fact that
counter selection is not sufficiently strong to eliminate the genes completely from the
population. Such cases are usually called pathological, for populations with infanticidal
individuals in competition with noninfanticidal ones would be at a great disadvantage.
It is certainly premature to describe infanticide as a “reproductive strategy” in Han-
uman langurs, since a close study of the data reveals that the behavior is not as
widespread as the reports make it out to be. This behavior has actually only been seen
in a few populations, while in others it has never been noted even after considerable
observation periods. C. Vogel (1979), who observed langurs and various male takeovers
over many years, originally saw no infanticide. He surveyed the literature critically
and found that other investigators had actually observed such killing in just three

)

4 “ Hanuman langurs (are) a species in which adult males routinely resolve their conflicting interests
with females by killing the female offspring” (S. Hrdy 1977, p. 2); and: “Infant killing is part of a
reproductive strategy whereby (an) usurping male increases his own reproductive success at the expense
of the former leader, the mother and her infant” (S. Hrdy, 1977, p. 247).
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instances. In all three cases the same male did the killing (S. M. Mohnot, 1971). Two
of these infanticides took place immediately after taking over the harem, while a third
juvenile was killed 6 months later, a time when the reproductive success of the new
male could no longer be impaired. The remainder of the forty instances of supposed
infanticide death were based on speculation arising from the disappearance of young
or the occurrence of injured young. A juvenile would be noted as missing, and entered
in the records as “killed by the usurper;” another juvenile would be found with wounds,
and the new male was considered responsible for these.

C. Vogel found that dogs often chased the langurs in the research area, which could
explain the observed wounds. Furthermore, nearly one-half of all the cases of supposed
infanticide would not fit in with sociobiological theory. Either the juvenile killed was
already so old that the female would have come into estrus without this interference
or the juvenile was killed so long after the harem takeover that this occurrence could
no longer positively influence the new male’s reproductive success. In other words,
this oft-quoted example for ruthless genetic selfishness is the product of premature
conclusions (I. Eibl-Eibesfeldt, 1987; G. Schubert, 1982).

In the meantime, C. Vogel (Vogel and H. Loch, 1984) has observed instances of male
infanticide in harem takeovers, raising the number of observed and so- ciobiologically
compatible cases to eight, including those of H. Mohnot. Only three males were re-
sponsible for these eight deaths. That is hardly convincing evidence for this behavior’s
“normality!”

There are many indications that this is a pathological phenomenon. As mentioned
earlier, the behavior is not seen in all populations, but only in a few groups. In addition,
only a few males were responsible for all the deaths actually observed. Finally, accord-
ing to sociobiological criteria the killing of juveniles after a harem takeover would only
make sense if these were no more than 4 months old at the time they were killed. Up
to this point, however, they bear a special infant coat. If infanticide were a male strat-
egy we would expect that the infants would have developed a counter strategy, as for
instance a counter selection against a coat signaling infancy. We would also expect the
females to defend their young more effectively. But C. Vogel’s observations (personal
communication) show that many females only defend their young weakly or not at
all. Infants occasionally play with other infants. If they approach the other mother too
closely, she kicks them. Sometimes strange mothers have kicked an intruding youngster
down a precipice, and the infant’s own mother did not even intervene, even though
she was sitting only a few meters away and although her youngster screamed pitiably.
This certainly does not sound like a normal situation.

Many years ago, J. Calhoun’s (1962) observed that in a crowding situation the social
behavior of a gregarious mammal (rats) disintegrated to the extent that mothers do
not retrieve or otherwise care for their young, even if surplus food was available. It
was social irritation that caused the pathological “behavioral 94 sink” situation.

At present it is premature to interpret occasional infanticide as an adaptive male
reproductive strategy. Evidence that infanticide is adaptive for males by propagating
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their genes has not been particularly well substantiated. Although such an explanation
is worth considering (as in F. S. vom Sal and L. S. Howard, 1982; I. G. McLean, 1983),
other hypotheses must be given equal consideration.

I am inclined to interpret behavior patterns such as the infanticide we have just
discussed as pathological. I made the observation that baboons and chimpanzees tend
toward aggressive escalation, that is, they lose control in encounters characterized by
strong emotional arousal. In the Gombe Stream National Park, a female baboon was
mauled so badly by a male that one hand was permanently incapacitated. On the same
occasion, her baby was killed by him. This, however, did not occur during a takeover
and the youngster was very likely his own. Jane Goodall (personal communication)
spoke of the event as an accident. The male was aggressively aroused by another male
and displaced his aggression toward the female. Chimpanzees have temper tantrums
which are sometimes difficult to distinguish from male displays. During these tantrum
displays, males occasionally hurt group members. In addition, Jane Goodall described
an occurrence of cannibalism between group members. One female learned to prey
upon the babies of other females of the same group and she taught this habit to her
daughter. This, too, indicates a tendency toward pathology. It is possible that this
tendency toward emotional instability and behavioral pathology might be associated
with the rapid evolution of group life, which, in part, is characterized by a rapid growth
of the brain. It could well be that the fine structuring of the brain, by which critical
points in social behavior get controlled did not keep pace with the rapid quantitative
growth of the brain and that selection is still in progress. The same might hold true
for humans.

All sociobiological models to date have been constructed on the basis of maximizing
reproductive success. If we consider strategies that reduce risk, however, these models
should be designed quite differently. The basic concept of a costbenefit calculation is
valid and useful for providing research with new impetus. The question of units of
selection, however, has yet to be thoroughly investigated. Individual and kin selection
undoubtedly play significant roles. In man, the tightly knit social group provides an-
other possible unit of selection. Whether this is also true for other group-living higher
vertebrates remains to be tested.

Before discussing group selection, another important sociobiological concept
should be mentioned, the model of evolutionary stable strategies (ESS) developed
by J. Maynard-Smith and G. R. Price (1973). This model was developed to explain
altruistic behavior without accepting the tenets of group selection. To elucidate
their concept of evolutionary stable strategies, Maynard-Smith and Price examined
ritualized and injury-producing intraspecific fighting in vertebrates. It is well known
that many animals engage in ritualized contests with conspecifics. The loser of such
a contest is ousted but not killed and can stand the test again on another occasion.
If rivals injured each other during such fights, then—according to traditional etho-
logical formulation—this would weaken the species or, strictly speaking, reduce the
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reproductive community in competition with other groups. Maynard-Smith and Price
in constructing their model based their calculations on a number of assumptions:

1. Each contest must reach a decisive conclusion.

2. The one giving up is the loser; the other animal is the winner.

3. Any animal not killed in the contest would be able to engage in other fights.

4. Previous contests have no influence on fighting behavior, as if the rivals had no
memory of their last encounter.

The authors also distinguished between two categories of conflict tactics used in rit-
ualized fighting: “conventional” tactics, in which there are only threats and no serious
injuries, and those injurious fights, “dangerous” tactics, carried out using every avail-
able means. In a population with both ritual (*“Doves”) and injuryproducing fighters
(“Hawks”), we obtain the following combinations:

1. Hawk meets Hawk, and the fight ends when one is injured or killed.

2. Dove meets Dove; no one is injured, but the one giving up loses.

3. Dove meets Hawk; Dove runs away and no one is injured.

If the loser receives 0 points, the winner 50 points, an injured animal -100 points,
and time and energy expenditure for the struggle was given a value of - 10 points,
all values corresponding to reproductive success, one can show mathematically that
Doves can be sustained in a population even assuming that individual selection occurs,
although they would exist in a mixed ratio with Hawks. This can be determined from
the following calculation:’

When Doves fight each other, they invest a great deal of energy because such fights
last a long time. They are thus accorded -10 points for their time/energy expenditures.
The victor receives 50 points and thus achieves a net sum of 40 points. The loser
receives 0 points for outcome and thus a net of -10 points. Assuming equal winning
chances, each rival in a Dove vs. Dove fight can expect the following value as the
outcome of a ritual fight:

+40-10 ..

= +15 points (Dove vs. Dove)

When Hawks fight each other, the winner receives 50 points and the loser - 100
points, so that the average expected result of such a fight is:
~ 25 points (Hawk vs. Hawk)

Thus on the basis of these simple mathematical calculations, we find that damaging
fights (hawks) have greater disadvantages than ritualized fights (doves).

Thus if a Dove appears in a population of Hawks, it would initially have a certain
mathematical advantage. If a Dove meets a Hawk, the Dove would run away and receive
0 points, while the Hawk would achieve 50 points for its win. But in a pure Hawk
populatior, any Dove would have an advantage because it would end every contest
with 0, while the more frequent Hawk vs. Hawk engagements would close with a net
—25 point score. Doves would therefore increase in such a population, thereby meeting

5 In essence, the lucid explanation of W. Wickler and U. Seibt (1977) is being followed here.
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other Doves more frequently and gaining 15 points. At the same time, however, Hawks
would encounter Doves more often, with an advantageous result. Finally an equilibrium
between the two would be attained in a mixed population, calculated as follows:

A Hawk expects a -25 point score in a fight with a Hawk. This expectation occurs
in a population with the same frequency as the number of Hawks in it, or -25 x [HJ,

A Dove receives 0 points for fights with a Hawk and 15 points for fights with other
Doves, both cases as frequently as Hawks and Doves are represented in the population.
Thus in a mixed population the total point expectancy of Doves is found using the
formula 0x/7//+15x/D/.

The stable mixed relationship of Hawks and Doves is calculated from the expectancy
equation:

-25 x [H] + 50 x [D] = 0 x [H] + 15 x [D]

25 x [//] = 35 x D]

Thus the ratio of Hawks to Doves is 7:5. The mean point expectancy for Hawks and
Doves is equal in this equation, and the advantages and disadvantages of both fighter
types balance each other out, and selection finds no basis on which to favor one type
over the other.|27]

In these situations one speaks of an evolutionary stable strategy (EES), a somewhat
unfortunately fmalistic sounding term; “evolutionary stable state” would be more neu-
tral. Strategy implies acting toward a specific goal, somewhat in the sense of species
maintenance, as rejected by sociobiologists. But this is certainly not suggested. The
term “evolutionary stable state” describes genetic variants enduring in a specific ratio
beside each other within a population. G. M. Burghardt (1975) described an inter-
esting example of behavioral polymorphism in the garter snake (Thamnophis sirtalis).
Each newly hatched brood of snakes contains individuals with different innate food
preferences, providing a population with an extended adaptability. A somewhat dif-
ferent example are the satellite males of certain frogs and fish; they leave the energy
expenditures of courtship to others and then fertilize the females attracted to the area
(examples in W. Wickler and U. Seibt, 1977). This would be of benefit to both parties,
for if the active males were brothers they could improve their fitness through cooper-
ation. If the satellite male, however, should gain an advantage at the expense of the
courting male, this would be a clear case of social parasitism.

In the fmalistic terminology of sociobiologists, in this latter case one could speak
of a “reproductive strategy” of the social parasite to propagate its genome. Such cases
must be distinguished from all those in which a specific portion of the population is sus-
tained not because they maintain themselves genetically but because they emerge anew
repeatedly as mutative aberrations or by the meeting of recessive alleles and against
which counterselection is not sufficiently strong enough for their complete elimination.
In these cases, we can very well speak of aberrations that reduce individual fitness,
something that has been underappreciated in the ongoing discussions. To the contrary,
one often has the impression that many investigators are attempting to construct some
proof of fitness for every aberration. E. O. Wilson (1975) attempts to do this for homo-
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sexuality, W. M. and L. M. Shields (1983) and R. Thornhill and N. Wilmsen-Thornhill
(1983) for rape, and L. K. Hong (1984) for premature ejaculation.

Sociobiological cost-benefit calculations demonstrate the compatibility between spe-
cific findings and models of the individual and kin selection principles. Different models
can be developed, and testable predictions can be made from them. Calculations on
ritualized fighting have shown that the most successful strategy is that of the retaliator.
Thus the individual initiates the fight in a ritualized fashion with threat displays, and
continues to fight ritually when the opponent behaves likewise (Dove vs. Dove). The
individual changes at once, however, to injurious fighting if the opponent is a Hawk.
Therefore, if the Dove in such instances immediately changes to a Hawk upon encoun-
tering a Hawk, Hawks can never attain the 15 point advantage, for they will ultimately
always encounter a Hawk. This means that a Hawk mutant could not survive in a Dove
population.

In my iguana studies (I. Eibl-Eibesfeldt, 1955¢), I was struck by the fact that the
ritual fighters could also fight injuriously and would do so under circumstances in which
the opponent would not continue fighting ritually, as, for example, when penetrating a
territory without displaying the appropriate threat ceremony. At that time I mentioned
that this seems to be the rule in many other lizards and in fish. If there were only
pure Hawks and Doves in a population, the equilibrium described above as ESS could
actually be attained. To date, however, I know of no such population.

The cost-benefit analyses of sociobiology have led to stimulating discussion on many
aspects of behavior, for example, those of parental investment and sexual selection (R.
L. Trivers, 1972), the parent-child conflict (R. L. Trivers, 1974), sex ratios (W. D.
Hamilton, 1967), and a series of cultural conventions such as those of the avunculate
(R. A. Alexander, 1977; J. A. Kurland, 1979) and crosscousin marriages (L. Hughes,
1981).

The data base on which many of these theories rest, however, is often insufficient
and the arguments thereby unconvincing. Using the Murdock data catalog, Alexan-
der (1977) and S. J. C. Gaulin and A. Schlegel (1980) investigated the relationship
between paternal investment and certainty of paternity. They assumed that wherever
infidelity was prevalent (and thus paternity was uncertain), fathers would invest more
in their sisters’ children than their own since these carried with certainty a quarter
of their genetic heritage. Gaulin and Schlegel tested this premise by investigating the
prevalence of avunculate in cultures with permissive versus those with strict sexual
morals. They believed that they had found a correlation between permissiveness (and
thus uncertain paternity) and the avunculate. However their table of uncertain pa-
ternity groups included the Samoans and others in which marriage bonds are known
to be strictly maintained. Here one would be relatively certain of the married man
being the biological father of most of his wife’s children. In fact, it is rather difficult
to find any groups of people in which paternity is uncertain in more than 50% of all
cases, and only then would the sociobiological calculations be valid. Because of the
wide distribution of marriage- 98 like partner relationships, one would not expect such
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uncertain paternity, even in permissive societies. It is not only advantageous for the
man but also for the woman to have the husband invest in the children and thus not to
endanger the relationship through infidelity. Apart from the fact that genetic studies
would have to be conducted to verify paternity, one must also ask why such uncertainty
should arise anyway, since it benefits neither marriage partner. To account for heavy
investment in sister’s children, other hypotheses should also be considered, such as the
strong intergroup tie maintained by the avunculate, since brothers and sisters most
frequently reside in different groups after marriage.

A second example of careless argumentation can be found in C. J. Morgan (1979). He
found that the crews of whale hunting Eskimo boats usually consist of close relatives.
He takes this to be an example of kin selection speculating that if such a boat got
into trouble, the relatives would stand by each other to the last. He forgets that
this is a “high-risk” strategy and that one should also calculate the risk involved in
placing all one’s genes in a single boat. Morgan, however, does not even discuss this. If
the relationship coefficient of the whale hunting crew were small, then Morgan might
have considered this as a gene survival strategy which consisted of distributing family
members across various vessels.’

In developing genetic models for the evolution of reciprocal altruism, sociobiologists
are confronted with the difficulty of explaining its initial appearance, since the first
altruist in a population is a “lonely” one (J. Moore, 1984). Some attempt to show
that supposed altruistic behavior is not really altruistic but actually selfish and as
such can be explained on the basis of individual or kin selection. Thus N. G. Blurton-
Jones (1984) describes food sharing in humans as originating from “tolerated theft.” He
means that it would not have profited our ancestors to defend food after satiation, so
the theft was tolerated. There is not a single word about altruism. J. Moore’s view is
somewhat similar, using chimpanzees as a model. Moore is of the opinion that after a
chimpanzee kills its prey, the owner can easily defend its kill but it is more difficult to
eat it undisturbed. It is for this reason that the chimpanzees distribute small portions
of meat so they can eat in peace. In these explanations both writers overlook the fact
that maternal care encompasses a number of behavior patterns, such as feeding (giving
of food). It has been demonstrated that in mammals and birds many behavior patterns
of bonding, such as food sharing, are derived from maternal behaviors (p. 167). There
is no need to look for a different explanation for food sharing in chimpanzees.

Much of the confusion derives from mixing up selective consequences and individ-
ual intention. All behaviors which contribute to fitness can be said to have egotistic
consequences, since they promote the actor’s genes. But the intention of the individual
may very well be called altruistic, if it is spontaneous and motivated by empathy and
aids another individual even at high risk.

The great merit of the sociobiological models lies in the integration of ecological and
genetic theories. Their weakness lies in the fact that, to date, sociobiologists have been

% Not to be confused with the baby schema (“kindchenschema”).
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more involved in model building than in practical research and careful observations. In
addition, during the period 1966-1978, the significance of individual and kin selection
has been certainly overemphasized, even though E. O. Wilson (1975) also considered
models of group selection.

Group selection plays an important role in humans. The individually selected traits
of personal bonding and several other adaptations in the service of parental care pro-
vided mankind with behavioral patterns and strategies for bonding and maintenance
of group harmony (aggression inhibitors, sharing, etc.). These allow the formation of
firm bonds even between unrelated members of the group, so that groups appear to be
units, even though this may counteract the interests of many group members at the
level of the individual.

The phylogenetic-emotional basis of man’s familial disposition is enhanced by his
cultural talent in extending the familial ethos to a group ethos. The war ethos, the
indoctrinability of man with group values, his loyalty to authority, and his ethos of
sharing could scarcely have arisen as new characteristics on the basis of individual se-
lection alone (Eibl-Eibesfeldt, 1982b). Group selection in humans is not only possible
but highly probable, assuming that group members are more closely related to each
other than to the members of the other groups they are confronting, and therefore
share a common genetic interest. Through most of human history this was actually
the case. People lived in relatively small, tightly knit groups. They shielded themselves
off against others and thus represented fairly closed reproductive units. Even today,
in hunter-gatherer societies, a people speaking one language, number only several hun-
dred (usually about 500) members (J. B. Birdsell, 1968; H. M. Wobst, 1976). These
populations are bonded by their own language and customs and are thus distinct from
other groups. They form relatively closed reproductive communities in that intragroup
marriage occurs with a much greater frequency than intergroup marriage. Even ne-
olithic horticultural societies number only a few thousand in a single population. If
they increase to several thousands, they start fragmenting off into internally warring
subgroups, which often develop their own dialects (see also cultural pseudospeciation).
The people living together in such groups are certainly more closely related to one an-
other than they are to other groups. This holds true even for a number of the modern
nation states ((P.L. van den Berghe, 1981). It would therefore be of advantage if each
group member were to help every other one; indeed, cultural devices are developed
that place group interests above those of the individual. The reproductive success of
individuals leads to an enrichment of the gene pool with certain alleles. Excessive in-
breeding is avoided by various marriage conventions to ensure a constant mixing of the
gene pool, thus acting counter to nepotism. At a higher level, ethnic nepotism replaces
familial nepotism.

Some attempts to calculate the profitability of altruistic acts in relation to the degree
of relatedness have so far failed. K. Hawkes (1977, 1983) investigated the Binumarians
in the highlands of New Guinea to determine who assisted whom in tending gardens
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and herding pigs, and found that close genetic relatives are in no way preferred over
steprelatives or adopted children. The neighbors played an especially important role.

The Ache of Paraguay, who are hunters and gatherers, share meat and honey with
all members of the group without kinship preferences. One does not receive larger por-
tions from relatives than from others. The only exception is made with items brought
back from the Mission, which the individual shares preferentially with members of the
immediate family (H. Kaplan et al., 1984).

Group selection models are now being utilized more often (B. J. Williams, 1981;
100 P. L. van den Berghe, 1981; R. Boyd and P. J. Richerson, 1982), and a new trend
is becoming evident. Currently, it is said that the distinction between blood relatives
and social kin are not that important, provided that the combination of social and
biological relationships have a higher coefficient of relatedness than that found in the
groups considered as “non-kin” (S. M. Essock-Vitale and M. T. McGuire, 1980). This
was our standpoint from the beginning.

E. O. Wilson (1978) distinguishes between “hardcore” and “soft” altruism, the lat-
ter including what R. L. Trivers calls reciprocal altruism. Reciprocal altruism allows
support beyond the limits of the group and even beyond species boundaries (e.g., sym-
biosis) for mutual benefit. Hardcore altruism is the spontaneous sort of self-sacrifice
for the good of the family or small group. If the latter were the only kind of altruism
possessed by humans, we would recklessly oppose each other in small groups after the
model of the social insects. But fortunately humans possess both forms of altruism,
permitting them to cooperate with members of strange groups and thus, theoretically,
to build a world community. However, this presupposes reciprocity, which is, of course,
indirect in most cases (R. Alexander, 1987). Those who act on others’ behalf without
receiving anything in return and neglect their own reproductive chances while doing so
initiate their own genetic demise. R. Alexander aptly remarked in this context “I do not
doubt that occasionally individuals led lives that are truly altruistic and self-sacrificing.
However, admirable and desirable such a behavior may be from others point of view,
it represents an evolutionary mistake for the individual showing it” (R. D. Alexander,
1987, p. 191). In our last chapter on ethics we will discuss this point in more detail.

E. O. Wilson’s Sociobiology (1975) has been a breakthrough for biological evolu-
tionary thinking in the United States. Certain extreme environmentalists attacked it
vigorously (R. C. Lewontin, 1977), and not always in fair discussion. Critics rightly
point at certain weaknesses in the argumentation, but they fail to acknowledge ade-
quately the positive aspects of the new approach. This is also evident in many other
ways in the remarkable critique by P. Kitcher (1985, 1987). Many of the critics blamed
Wilson for expressing a biological determinism which would lead to racism, imperial-
ism, genocide, and other evils. Such accusations are inappropriate. All knowledge can
be misused, as can every theory, even that of environmentalism. W. Charlesworth
(1981, p. 22) formulated this point clearly:

Speaking of rhetoric, there should be an editorial rule that sentences associated
with sociobiology, with effort to justify slavery, imperialism, racism, genocide, and to
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oppose equal rights should always appear next to sentences associating environmen-
talist/ learning theory with effort to justify propaganda, psychological terror, false
advertisement, public indoctrination of hatred of foreigners, class enemies, minority
groups, and so on and so on. Juxtaposing sociobiology and learning theory in this
manner ought to show how unproductive it is to claim through innuendo or otherwise
that science will lead to pseudoscience, will lead to man’s inhumanity to man: ergo no
science. Actually, one could argue that since man is such a cultural/learning animal
we should have greater fear of learning theory since learning has far more power over
man’s behavior than genes. More specifically, if humans were not such learning ani-
mals, they would not learn all that Galton trash: ergo stop learning research so that
bad guys will not use the data to teach the trash more effectively.

Sociobiology has undoubtedly provided new impetus to our thought. Thus Wilson’s
integrative accomplishment deserves full acknowledgment. However, in the hope of a
new breakthrough many jumped on this bandwagon in a quite uncritical way and a
number of minor publications flooded the market. Wilson’s own remark that sociobiol-
ogy would eventually cannibalize the social sciences and ethology contributed to this
development. It is still sociobiology’s responsibility to verify its hypotheses and give
equal time to alternate ones. They are limited primarily to building interesting quan-
titative models, but often the trivial is quantified as a “strategy.” At the International
Ethological Congress in Brisbane (1983), for example, it was reported that juvenile fish
invest supplementary food in growth and that adult fish, on the other hand, invest it
in reproduction. What a surprising result. In fact, there is hardly another reasonable
alternative.

Finally, sociobiology is responsible for confusing levels of action by using psycholog-
ical concepts to explain and interpret genetic phenomena. This confounding has even
led sociobiologists to such absurd conclusions as that there is no such thing as altru-
ism. Starting from the fact that only genetic survival counts—which no scientist will
gainsay—organisms are considered as acting appropriately only when their behavior
increases their inclusive fitness. This has all been put together to form the concept of
“selfish behavior” and sympathy, friendship, and charity are considered as illusions not
existing in reality. This is a shocking conclusion, because we are, of course, constructed
to experience love subjectively and friendship and, spurred on by such feelings, we will
even sacrifice ourselves for certain fellow beings. Nor does this contradict the fact that,
in so doing, we also act adaptively, that is, propagating our genes. Support and co-
operation are strategies in the struggle for existence, and the corresponding emotions
have developed to serve these strategies. Thus friendship exists next to competition,
and it is wrong to maintain that an organism only seeks advantages at the expense of
others. It is a dangerous and misleading simplification to say that everything which we
term cooperation is simply a mixture of opportunism and exploitation and that given
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the opportunity to act in its own interest, only cold calculation restrains an organism
from subordinating or even killing its brother, spouse, parents or children.”

Summary 2.4

The cost-benefit calculations of sociobiologists demonstrate that altruistic behavior
be maintained via individual and kin selection. Mathematical models stimulate hypoth-
esis formation. This promising new development in ethology, however, has exposed
itself unnecessarily to criticism because of its uncritical speculations. The statement
that no truly altruistic behavior exists because in terms of his own fitness an altruist
is always behaving selfishly is a result of a confusion of levels. Even if the altruist con-
tributes to the propagation of his own genes by self-sacrifice for offspring and relatives,
on the behaviorally and psychologically experienced level he acts unselfishly or altruis-
tically. Empathy, sympathy, and related emotions are experienced and observed and
thus truly exist. That they contribute to evolutionary fitness is quite consistent with
the fact that one can behave in a genuinely altruistic manner. Furthermore, the uncrit-
ical citing of extreme examples (such as langur infanticide) cannot be used to support
the contention that biological evolution proceeds basically as a battle of everyone for
himself. Man especially extends his family ethos to the group, and his emotional and
behavioral repertoire allows him to join with others in closed groups that behave as a
unit and thus act as units in biological selection. The human propensity for indoctri-
nation, war ethos, and the ethos of sharing lead to the fact that individual interests
are often subjugated to those of the group. In humans, at least we can discern various
levels of selection: individual, kin, and group selection.

" Not to be confused with the baby schema (“kindchenschema).
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3. Metholdology



3.1. Gestalt Perception and
Cognition

Research proceeds from perceptions. These, without doubt, depict an extra- sub-
jective reality with a more or less refined screen. Because of programs inherent to our
cognitive apparatus, our perception interprets and reconstructs the perceived world
from the sensory data. We interact, so to speak, with our world on the basis of hy-
potheses, which evolved since they “fitted” and thus were not weeded out by selection
(K. R. Popper, 1973). Such built-in biases can lead our perception astray, as many
of the visual illusions demonstrate (p. 5). But since we are able to interact with our
environment dialogically and approach a problem from different angles, we can find
out about illusions and thus the working of our brain. Thus, by measuring the two
lines, which we perceive as different in length in the Miiller- Lyer Illusion, we can find
out that they are in fact equal in length.

Even though our perceptions are biased and reflect hypotheses about our external
world, they do so fairly accurately since they were tested during the course of evolution.
Cognition has even been gauged over the course of evolution to recognize regularities,
an important predisposition for scientific discovery (K. Lorenz, 1959). Gestalt percep-
tion abstracts the incidental and sharply resolves the general elements that characterize
not only an individual object but an entire object class. From the many fleeting impres-
sions of our visual perceptions the shared features finally emerge as a mental template
of the “ideal” type or “rule” (see Section 9.1). It is evident that there is a strong selection
pressure acting upon perceptual performance, for it is vitally important for an animal
to recognize objects of relevance under varying conditions. The processes underlying
our perception are, as K. Lorenz (1959) stated, analogous to rational operations of rea-
soning. Therefore, one also speaks of ratiomorphic ability. Gestalt perception allows
us to directly grasp the regularity immanent in complex natural events, that is to filter
it from the background “noise” information that is simultaneously transmitted by our
sensory organs and perceptual apparatus (K. Lorenz, 1959, 257). We grasp such rela-
tionships of regularity “intuitively,” and this cognitive ability cannot be substituted by
the most detailed quantifications. Yet we must not forget that “configurational pres-
sure,” “suggestive tendency,” may falsely make us perceive a phenomenon as real that
other investigational procedures show to be illusory.

Perception is not the only trap awaiting us. Our thought processes also follow spe-
cific pathways, leading us to think in contrasts or opposites and thus polarize our
thought. This tendency is an ordering process of the brain, using contrast to bring out
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antitheses and thus foster orientation and clarity while at the same time simplifying
our conception of the world.

Our daily life, as our political thinking, is controlled by this polarization. Even
scientific work is subject to its effect. We like “clear” positions with sharply delineated
opposing arguments, and we will create an opposing view if none exists by settingup
“straw men.” The nature-nurture controversy (p. 19) provides a good example. Such
polarization need not only be seen in negative terms. Opposing views stimulate thought,
and for this reason we overstate our position, thereby fostering more controversy. Yet
we must be aware that in such cases we tend to artificially exaggerate the opposing
position in order to provoke a response.

Monocausal thought is another bias in thinking that often misleads us in daily
life as well as in our research. It is certainly important for an organism to determine
the immediate cause of some event quickly, and the assumption that something has
a cause has stood the test in evolution. Thus in our life and research we tend to
elucidate the “cause.” This sort of reductionism, into which we get easily trapped by
our monocausal thinking, is not to be confused with the legitimate reductionism of any
of the natural sciences, which attempt to proceed from the exploration of the special
case to the extraction of more general rules and which endeavors to explain events of
a higher level of integration by reduction to the more basic laws. Thus, biologists, in
an analytical-reductionistic approach, intend to understand phenomena of life, such as
the function of a neuron down to the level of biochemistry and finally to elementary
chemical processes. We must remain aware, however, that with each level of integration
new system characteristics show up that can not be explained by the characteristics of
the lower levels. Understanding the function of the neuron helps us to understand many
peculiarities of behavior and its pathologies, but certainly it is only of limited value
in understanding differentiated social interactions at a higher level. Any “nothing-but-
ism” must be avoided.

Assessment biases can profoundly influence our judgment as well. Thus we interpret
involutions (evolutionary processes by which differentiations get lost) negatively and
always speak of the more differentiated organisms as the higher ones (K. Lorenz, 1983).

Therefore, we certainly cannot speak of observation and research completely free of
all bias, since in scientific study we utilize a device whose perception, developed through
the course of evolution, already has predisposed judgments based on phylogenetic
experience. We can detect the resulting deficiency of interpretation by analyzing reality
from different angles. We are also capable of detaching our thought from emotions, thus
creating a field without tension which enables the free experimental play of fantasy
to occur with a relatively objective orientation. Thanks to differential hemispherical
specialization of the cerebral cortex (p. 106), we are finally in a position to observe
ourselves, so to speak, by means of a central mirror. Thus when scientists speak of
the virtue of unbiased observation, they mean primarily the decoupling of individual
prejudices resulting from personal experience.
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Another handicap results from our inclination (disposition) to adhere to hypotheses
even when we begin to doubt their validity. To understand this tendency one must real-
ize that hypotheses serve as aids in orientation. They present a view of the world that
confers security, since they make the world predictable. For example, hunter-gatherers
project such a grid of orientation upon their world as can be seen in religious practices
of the Kalahari Bushmen. The Bushmen explain disease as caused by invisible arrows
that evil forces (demons or enemies) shoot into the bodies of the sick. This hypothe-
sis provides a basis for treatment. The bushmen believe that they can extract these
invisible arrows by a curing ritual. To achieve the power to do this, the curers have to
put themselves in a state of trance, which they achieve by a dance. The patient is thus
helped psychologically— he believes in the ritual and thus is relieved from fear and
tension, which, of course, has a positive effect on his state of health. Hypotheses, such
as these, may thus be the basis on which religious practices are developed and these
practices may later serve as markers of group identity. This function may make them
resistent to rational contestation. The unfortunate inclination of man to convert the-
ories from the field of economy and sociology into quasi-religious “Weltanschauungen”
is commonly known.

Summary 3.1

Since man perceives and processes sensory data by means of programs which are
given as phylogenetic adaptations, there is no such thing as purely objective percep-
tion and research. But the hypotheses underlying perceptive ability have been tested
over the course of evolution in real situations, so we can state that in general they
are valid biases as long as they are compatible with specific environmental conditions
relevant for us. Although our perception is not free of distortions, it generally discerns
relationships accurately. Those areas in which we are deceived or that are oversimpli-
fied by our perception, can be handled by using measurements and observation from
other perspectives. Gestalt perception, in particular, remains an important source of
cognition, even if we are sometimes misled by some of its features (e.g., the suggestive
tendency). A certain proclivity toward getting trapped into dogmatic attitudes stems
from our tendency to create order which presses us to categorize and classify in a po-
larizing fashion, and, in addition, by our inclination for monocausal explanation and
our reluctance to discard hypotheses.
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3.2. Methods of Data Gathering,
Observation, and Description

Data have to be gathered in such a way as to allow other researchers to follow
the procedure and thus check the results of others. We often use technical means
of data sampling (such as film and sound recordings) in the interest of objectivity.
Other means of maintaining objectivity are the use of random sampling with a table
of random numbers for subject selection (p. 148) and utilizing technological apparatus
to analyze data.

Objectivity is enhanced with distanced observation, a methodology perfected by
animal ethologists. H. Hass (1968) said that the observer of human behavior should
put himself in the position of someone from another planet. However, participatory
observation is also important because we can gain information on peoples’ inclinations,
desires, and objectives through introspection and as well as through participation with
them and subsequent questioning of their behavior. This method is preferred by many
researchers and they even discard distanced observation as, in their opinion, it cannot
provide any clues on the real intentions of the observed individual. To argue for the use
of one or another method alone is inappropriate since both observation methods have
their own strengths and weaknesses. I can usually quickly discover via participatory
questioning which ideas and objectives guide my subjects’ behavior, assuming the
subjects are not lying, although formulating the correct questions to elicit the answer is
not always easy. However, subjects’ initial responses to questions should not necessarily
be taken as thoroughly conclusive. For example, the researcher is poorly advised if he
is content with a Hopi Indian’s explanation that the rain dance exists to make it rain,
because he would at best consider the dance to be a ritual without real function since
it does not bring forth the longed-for rain. Here distanced observation can help by
showing that such rituals serve to bring together the group in times of emergency by
reinforcing group bonds and group identity and foster cooperation. In this way, we
gain insight into the selective advantage of this ritual.

N. A. Chagnon (1968, 1974) states in a series of studies that territorality or defense
of territory would not explain warfare among Yanomami Indians. He ar- 107 gues that
wars are not fought to hold competing groups at a distance and to secure hunting
grounds, but, as his Yanomami informants told him, to abduct women (Chagnon,
1968). After further research, he reported (1974) that wars are fought to maintain the
sovereignty of the Yanomami villages but not to acquire hunting territories or other life
necessities. The first reason given by the Yanomami, that wars are fought to abduct

117



women, may be perfectly correct in terms of individual motivation, but the observer
must further investigate the selective advantages of warfare. Individual motivation and
fitness-sustaining performance are not necessarily congruent. M. Harris (1979) pointed
to the fact that availability of animal protein is a limiting factor for the Yanomami.
As village size increases, so does the energy expended on hunting (K. Good, 1980).
Insufficient hunting success results in a buildup of tension, and we observe that quarrels
arise and villages begin to break up when they reach a certain size. Furthermore,
intergroup aggression motivates individual groups to maintain a certain living distance
between themselves. This effect is what counts regardless of individual motivation. The
intergroup tension prevents the exhaustion of the resources of Yanomami territories.
Thus there may be multiple motivations and causes for warfare at the individual level
(proximate cause) to obtain women and at the group level (the ultimate cause) to space
groups in the jungle. In explaining such practices as warfare, we must be careful to
avoid the above-mentioned tendency to explain a phenomenon by a single hypothesis.

Each ethological investigation begins with the description and documentation of the
behavioral patterns under study. The ethogram, as the behavioral inventory is called,
thus obtained is the basis of further work. Generally the unprejudiced observer has
no difficulty sorting out specific recurring behavioral patterns as units from the flow
of behavior observed. We note that the subject smiles or cries, reaches for objects or
greets someone. We formulate greeting as a category as well as the simpler behavioral
components that comprise the entire greeting ceremony (smiling, rapid brow raising,
head nodding, and hand extension). The ethograms of different researchers utilize
different principles of organization, and there is an attempt to categorize descriptively
according to behavioral pattern (of smiling, rapid brow raising, etc.). Categories are
generally named after the appearance of the behavior pattern but occasionally in terms
of the muscles used in the action. Often, as in laughing and crying, the pattern is
already categorized and named even prior to any scientific description. Categorization
is often based on function, a procedure requiring prior knowledge on the part of the
researcher. Concerning social behavior, our knowledge of function is often founded
on intuition. Functional categories of this kind include greeting, courting, comforting
or appeasing. If such category names are used, they must be precisely defined and
their function also verified. Furthermore, the researcher must be aware of the fact
that range of a category can vary due to the hierarchical organization of behavior. A
greeting consists of several behavioral patterns such as head nodding, smiling, rapid
raising of the eyebrows, and more.

Behavioral patterns were not always clearly worked out in the early child ethograms,
so different authors developed entirely different listings. E. C. Grant (1968, 1969) lists
118 behavioral patterns in his child ethogram. N. G. Blurton-Jones (1972) lists 31, W.
C. McGrew (1972) lists 42, and C. R. Brannigan and D. A. Humpbhries (1972) lists
136.

The choice of categories depends upon the researcher’s individual formulation of the
problem. In their study of friendship development, M. Lewis et al. (1975) listed body
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contact (touch), nearness, gazing, smiling, offering and taking away toys, sharing, and
partner-directed aggression. This inventory sufficed for their analysis of children 1 to
2 years old, but it required expansion for older children. The similar study done by
G. Attili, B. Hold, and M. Schleidt (1982) on 3- to 6- year-old children included the
additional categories of support, assistance, and the taking of initiatives.

In all cases it is important to define one’s categories. This includes a precise, em-
pirical description of the bodily movements within a spatial reference system, which
in the case of interaction must naturally include the communicating partner. The dis-
tance and orientation between partners must be noted. Further, it must be taken into
account that the speed of the occurring pattern can also define a behavior. Thus, a
slow turning away from the communicating partner in the sense of a gradual opening
of a dyad initiates parting from each other, while rapid turning away oftens signals
some sort of offense (insult, irritability). The meaning of contact and pushing are also
specified by the speed with which they are carried out against the partner.

Depending upon the context, a light body blow may signify admonition or pun-
ishment but also be a friendly gesture. One must examine the social context of the
situation and have some knowledge of prior events. Did the children fight with each
other before? Have they been friends for a long time? Our predisposition will effect our
interpretation of an observed situation. Individual biases can be removed by comparing
results with others. For example, films of scenes can be viewed by different observers.

Social environment is not the only reference for assessing behavior. K. Grammer
(verbal commun.) found out that the children of a kindergarten group would show
quite different attention structure within closed rooms than in the garden outside. A
particular problem for the evaluation is the coding of movements (H. M. Rosenfeld,
1982). Fear of perceptual deception (for which cross-observer reliability checks only
helps locate individual errors) justified striving for objectivity. It was argued that
analytical instruments are not deceived and thus ethologists make use of measuring
and calculating devices to best approach reality.

Sometimes this is indeed the only way we can achieve a research goal. So far it has
not been possible to develop a satisfactory objective notation of movement patterns
by position coding of body and body parts on a body coordinate system (top-bottom,
right-left, anterior-posterior; I. Golani, 1969; R. Laban, 1965). Apart from the fact
that “descriptions” of organs and body movements using angles, spatial relationships,
and positions are difficult to grasp (unless we grossly simplify), such descriptions often
fail to capture the essential behavioral components. A person in a lecture hall can
greet a friend with a slight turn of the palm without lifting the arm from the desk.
The friend, and any neutral observer, would understand this as a greeting. During a
lecture intermission, the same person would execute the greeting differently, because
he would not have to limit himself to a discreet greeting intention movement. He could
raise the entire arm and even wave with the greeting hand. In a spatial /temporal nota-
tion system, the two behaviors appear as something completely different, so rejecting
our perceptual integrative capacity in favor of supposed objectivity misleads the re-
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searcher. However, the physical description of the event in everyday language allows us
to describe the facts comprehensibly. A temporary turning of the palm toward some-
109 one (one must measure and cite its duration) is used as a greeting gesture in our
culture. The movement can be executed intentionally at various intensity levels, and
the placement of upper and lower arm can vary considerably.

The turning of the palm toward someone for a particular period of time is the rele-
vant characteristic for this type of communication. Details of the behavioral sequence
and context allow us to distinguish a greeting palm turn from a rejecting hand position.

Even such characteristics can be better described by direct verbal account than
with one of the so far utilized current notational systems. This also holds for the
mimic expressions accompanying greeting and rejection.

R. L. Birdwhistell (1960, 1973) made a microanalysis of the behaviors comprising an
expression. He assumed that specific movements are comparable to speech phonemes.
His laborious analyses have not led to any further results.

Behavioral patterns are temporal structures characterized by a particular sequence
of events (muscle actions). The patterns of nonverbal expressive movements are char-
acterized by form constancy, i.e., constancy of the relative phase interval of the muscle
contractions responsible for the underlying movement (see review, p. 25). Thus for the
observer a behavior pattern is recognizable as a certain pattern at any time regard-
less of whether it is simply an intention movement (merely implying what the person
intends to do) or a fully executed expressive movement. If T record the temporal se-
quence of the muscle contractions as a sort of musical score, by assigning each muscle
a number, I can describe movements with a terminology that can be understood by
another investigator. Such a system has proved useful for facial expressions.

P. Ekman et al. (1971a, b) developed a coding system using C. H. Hjortsjo’s (1969)
method of describing facial movements according to muscle action. They determined
the individual facial muscles causing visible changes of expression and assigned num-
bers to these muscles. They also grouped various synergistic muscles as “action units”
(see p. 447). Mime is particularly well suited for this kind of recording, since the mus-
cle contractions on the face are particularly understandable once one has mastered
Ekman’s system.

There is no consensus as to what level behavioral analysis should begin. Should
one work in increasing order from the most elemental behaviors? J. A. van Hooff
(1971), and S. Frey and J. Pool (1976) claim that starting at the bottom is best
because the smallest units are easiest to characterize precisely. They can also be used
to construct higher behavioral levels. On the other hand, U. Kalbermatten and M. von
Cranach (1980) believe there is no synthetic formulation stating which behavioral units
should be combined into higher systems. Thus it would be more appropriate to move
downward through the behavioral organization. M. von Cranach et al. (1980) start their
behavioral analysis from complex goal-directed behavior. They define as behavior every
human act characterized by goal orientation, consciousness, planning, and intention
(U. Kalbermatten and M. von Cranach, 1980). This behavioral position may seem
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problematic if we try to apply it to childrens’ behavior or in cross-cultural comparisons,
wherein the distant observer can at best draw his own conclusions about consciousness,
planning, and intention but cannot usually verify them. Yet, I think that their action-
theoretical approach is also suitable for objective analysis, since one can determine via
observation that there are behaviors extending over longer time periods and which 110
apparently terminate because some recognizable goal was achieved. For example, when
a desired object is finally acquired, a request granted, or a consummation permitted.

For the observer it is initially unimportant whether the goal is sought consciously
or not. What is essential is to determine a behavioral sequence defined by initiation
and termination point. The flow of actions and a terminating goal can be broken down
into components, and M. von Cranach et al. (1980) speak of behavioral steps. The
act of preparing breakfast consists of a series of behavioral steps (such as cooking
eggs, preparing coffee) defined by their intermediate goals, and separable into their
component behavioral subunits. One grinds the coffee, lights the stove, fills the kettle
with water, etc.

Each of these acts consists of a series of complex functional action units within
an unmistakable hierarchical organization. Units at upper levels each incorporate sev-
eral of those at the lower levels, and behavioral diversity decreases at lower levels.
Component acts and goals are defined functionally, and some behavior sequences are
stereotyped, while others display a great amount of variability. Sometimes they are
ordered linearly, and then one act follows another as if keeping to a given track.

There are also behavioral ramifications that permit various pathways to be used
to attain a single goal. For example, I can gain a desired object by requesting it,
demanding it with threats, or even snatching it from another. When I am driving to a
meeting I can take the shortest route or divert my travel if I hear of an accident on the
radio. All these possibilities are available to me like behavioral recipes, and the richer
my repertoire, the more possibilities I have at my disposal for achieving objectives and
the greater my competence. Thus a behavior can be understood as a part of a network.

M. von Cranach et al. (1980) use the term ‘‘strategy” to indicate the subjective
representation of the behavioral pathway network chosen on the basis of preference
to attain one final goal. I prefer a somewhat narrower conception of strategy. When
we observe that aggression is warded off, we find that various pathways with many
different behavioral steps may be effective. Thus I find it more useful to describe
alternate behavioral possibilities as strategies of warding off aggression and not just
to speak of one strategy. A strategy would then be the attainment of a final objective
through choosing one of several possible series of behavioral steps. They could in their
entirety be described as the strategic repertoire for the particular individual involved.

The concept of tactics is used for subordinate units composed of several behavioral
steps. Whether this concept is useful can only be determined in individual cases. The
delineation of behavioral sequences as worked out by M. von Cranach et al., in the
form of a series of behavioral steps within a pathway network, is particularly useful
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in describing human actions. We will cite examples of universal interaction strategies
later (p. 493).

The starting point of any behavioral description is the concrete event. If this is a
social interaction, let us say between mother and child, then we have to consider this
event as an interaction which reflects a relationship which grew in time and not just
as an isolated situation. In order to understand the quality of this relation and the
variables by which it is determined we need to study more than just one interaction
between the individuals concerned. And since we want to learn about the patterning of
the mother-child interaction of the culture or species concerned in more general terms,
we need, of course, to describe other mothers 111

interacting with their children. Mother and child are also part of a community,
whose social structure can be derived from the great variety of interactions between
its members. Behavioral description thus involves various levels of abstraction and inte-
gration. A conceptual scheme relating interactions, relationships, and group structure
was outlined by R. A. Hinde and J. Stevenson Hinde (1976).

Summary 3.2

“Objective” and participatory methods of observation complement each other. Hu-
man ethology uses both, but in “natural contexts” it places special emphasis on dis-
tanced observation. Individually recognizable units of behavior must be described and
named. Interpretive terms are permissible only when the implied function is also veri-
fied. Nomenclature and description must also account for the hierarchical organization
of behavior. The Hjortsjd-Ekman muscle action coding system can be used to describe
human facial expressions. Cranach’s pathway network procedure of analysis can be
recommended as appropriate for more complex behavioral sequences: a specific behav-
ioral objective can be achieved via various behavioral steps. Several such pathways can
be combined into a single network, with each pathway forming a strategy to achieve
a goal. The totality of pathways represents the strategic repertoire at the individual’s
or species’ disposal for attaining a behavioral goal.
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3.1. Film and Sound
Documentation

Film and sound records are important means of collecting data. By following a
number of basic rules, we can work out documents of events that can serve as evidence
for testing hypotheses.

Technical means permit us to record movements objectively and store them in an
archive for later study. This is important for the interpretation of behavioral sequences
is always prone to subjective tinge. Even an observer attempting to be completely ob-
jective describes only those items that appear to be significant to him, and for someone
else essential information could be lost. Animal ethologists, ethnologists, and other so-
cial scientists have long recognized the importance of film documentation. However,
ethnographic material is primarily aimed at documenting skills, dances, and rituals.
Hut construction, bread baking, weaving, pottery, hunting, and dancing has been
filmed in numerous cultures.! However, little work on documentation of unstaged,
daily human interaction has been systematically carried out. Film documents of such
behaviors as greeting in various cultures, of affectionate behavior of mothers, flirtatious
behavior, and infantile aggression resolution are few. Only pioneer studies, like the one
of G. Bateson and M. Mead (1942) who studied everyday life of the Balinese, have
been conducted. (See also E. R. Sorenson and D. Gajdusek 1966, and E. R. Sorenson
1967.)

When I began searching for universals in human behavior with Hans Hass in the
early 1960s, we initially assumed we could trace what we wanted in film archives, since
man is the most frequently filmed creature in the world. But when we found this gap
we were alarmed, since we knew that the opportunity to gather this documentation
on a cross-cultural basis was vanishing quickly because of the rapid change in cultures
around due to contact from western societies. This meant that if one missed the op-
portunity to record daily greeting ceremony in its traditional context, no subsequent
reconstruction of it would be possible. Handcrafted artifacts (like mats or pottery) can
be analyzed for their construction even if the actual producers’ culture disappeared
long ago, but this is not possible for social interactions.

A cross-cultural document must fulfill the following requirements:

1. Films should document everyday reality, that is, unstaged social interactions.

! Not to be confused with the baby schema (“kindchenschema”).
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Since people alter their behavior under observation, some technical means is needed
to record behavior without distorting it. Dances and rituals are usually an exception to
this rule, for they often, but not always, are displayed in public in their natural context,
and this diminishes disturbance for the performers. The emphasis on documenting
spontaneously occurring events does not imply that staged events must be excluded.
To the contrary, we film actors and evoke certain behaviors such as facial expressions
in standardized testing situations.

2. The data should be processed in such a way that later researchers can use them
for subsequent studies.

A particular bias on the part of an observer could be picked up in subsequent studies.
This also demands utmost care in collection and storage of data.

A special film recording technique had to be developed to meet these requirements.
Telephotography with lenses aimed directly at subjects was not effective due to the
human propensity to be on the alert for what is going on around them (H. Hass,
1968). People look up from their activities at regular intervals and scan the horizon,
thus perceiving any objects or events that might affect them, including a camera lens
directed toward them. H. Hass developed a reflex lens permitting the photographer to
film from the side. The principle is simple: a dummy lens containing a side window is
placed in front of the real one. A prism built into this assembly permits photography
of objects at right angles to the lens barrel. After testing this device, we started a
program for the cross-cultural documentation of human behavior (I. Eibl-Eibesfeldt
and H. Hass, 1966, 1967; H. Hass, 1968; Figs. 3.1-3.3). More recently, my co-worker
D. Heunemann has improved this lens system so that one can even use a zoom lens in
conjunction with it.

The use of photographic method is advantageous even in cultures where photog-
raphy is unknown. A lens aimed directly at a person elicits a fear response even in
such cultures. But, if the camera is pointing in a different direction, people do not feel
"watched.”

We recommend 16 mm film for picture quality. The frame speed should be chosen
depending upon the speed of the ongoing behavior. In addition to the standard 25
frames/second speed, we utilize slow motion (50 frames/second) for analyzing rapidly
occurring sequences. The signal effect of expressive behavior is also different at a higher
speed: we can observe behavior with more objectivity. Longer behavioral events can
be recorded with quick motion photography. With 6 pictures/second, we can record a
40-minute event on a single 120 m roll of 16 mm film. This can be used to document the
entire sequence of a ritual, dance, or mother-child interaction and to glean regularities
such as movement (stereotypes) that would otherwise escape the observer (H. Hass,
1968); one can count how often a child makes contact with its mother, how far it moves
away from the mother in various situations, and other phenomena.

Figure 3.1. (a) Reflex lens showing the window in the dummy lens placed in front of
the true lens; (b) reflex lens removed to provide for direct photography.
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Figure 3.3. The author films a family at a Bushman hut with the reflex lens. Photo:
D. Heunemann.

Figure 3.2. Filming with the reflex lens in Tauwema (Trobriand Islands). A mother
with an infant is the subject of my attention. A great deal of film documentation of
her behavior was gathered using this method. Photo: R. Kreil.

A second camera can be used to record parts of such sequences at the normal
speed. Synchronized sound recordings are also important. Since fall 1976 we use the
time coding systems developed by NAGRA and ARRIFLEX. A quartz clock records
year, month, day, hour, minutes, and seconds within the camera and the tape recorder
independently, that is, without any mechanical connection between camera and sound
recorder. On the film, the time is coded between film perforations. A computer linked
to the editing table can read the coding off the sound track and the film and coordinate
both as well as locate any specified time. Thus the computer can search for the sound
track matching a particular film frame or vice-versa.

Every photographic record should include a supplementary protocol noting what
behavior preceded the sequence and what followed it. Also important is the noting of
whom is participating and what their kinship and social relationship is. For children,
careful calculation of age is essential. The context of an event, unless obvious from
the photography, should also be recorded. These notes are a necessity for subsequent
correlational analyses.

How and what is filmed depends on the questions asked. Were we asking how fre-
quently a behavior occurs in the day, we would have to film at randomly chosen inter-
vals. Since our question, however, deals more with the structure, movement patterns,
and strategies used particularly in interactions, we place special emphasis on interac-
tions such as those between mother-child, father-child, and siblings. We usually set
up where social interactions will be taking place: near children at play, at the village
square where men or women have gathered, near a family beside its hut or garden. In
addition to concentrating on certain topics, we attempt to film every social interaction,
whether we have recorded it before or not. We also film whenever we expect an event
to occur, such as when two people meet, without our knowing what will ensue in their
interaction. We also do not restrict ourselves to limited themes. Since we use the same
procedure in all cultures, errors are leveled out and thus the recorded material becomes
comparable and can be evaluated in many ways. We will demonstrate this later with
examples.

It is not always easy to determine when to start and stop filming. When two partners
separate or turn away from each other, this is generally an indication that an interaction
is ending. But often the partners are merely pausing, and when the camera is turned
off the partners may promptly resume their interaction. The photography resumes,
but one may have lost essential data during the pause. For this reason it is advisable
to have a second quick motion camera running to uninterruptedly record the entire
sequence.
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Our originals are archived unedited so other researchers can have access to them at
a later time. We work only with copies and prepare duplicates for publications. Future
workers must utilize this same procedure, since much of our data will not be gatherable
again due to the rapid cultural changes occurring in many societies!

Our films are published in cooperation with the Gottingen Institute for Scientific
Film as a joint production of the Film Archive of Human Ethology of the Max- Planck-
Society and the Encyclopaedia Cinematographica of the Institute for Scientific Film.
(See list following the Bibliography.)

A number of traditional societies with different subsistence strategies were selected
for our documentation to provide us with information on behavior in societies 115 with
different kinds of human social organization. They have been selected to represent a
wide a geographical selection as possible.

1. The G/wi, Ko and !Kung Bushmen of the Kalahari (Botswana and Southwest
Africa), who during the first years of our investigations (1970-1975) still lived in small
groups as hunters and gatherers. They are relatively peaceful people living on what
might be considered a paleolithic subsistence strategy with paleolithic technology.

2. The Yanomami (Waika) of the upper Orinoco and the Serra Parima in Venezuela,
who are horticulturists and hunters. In contrast to the Bushmen they are rather bel-
ligerent.

3. The Eipo and other Mek-speaking tribes of western New Guinea. They were con-
tacted with an interdisciplinary team initiated by Gerd Koch and Klaus Helfrich, with
whom we work closely. At the time of contact these were intact neolithic horticulturists
entirely free of external influences.

4. The Himba of Southwest Africa, who as nonacculturated Herero-speaking people
are traditional belligerent pastoralists.

5. The Trobriand islanders, a culture of horticulturists and fishermen who, despite
civilizing influences, maintain many traditional aspects of their culture.

6. The Balinese as a non-western peasant society.

We visit these sample cultures, if feasible, at regular intervals and work together
with ethnologists and linguists.? So far we have accumulated about 250 km of movie
film.

Some of these projects have been running since 1965, and all are continuing when
possible. We also make spot checks of other cultures in addition to these long-term stud-
ies. Here we concentrate on recording parent-child relationships, sibling interactions,
rituals, and such expressions as surprise, agreement, rejection, and others.

For studying western culture we have installed a video recorder in a public kinder-
garten, with parental consent, permitting us to record the childrens’ interactions. These

2 Co-workers on the Bushman project include H. J. Heinz and P. Wiessner-Larsen. Among the
Yanomami I worked with Kenneth Good (anthropologist) and later with Harald Herzog (linguist).
Volker Heeschen (linguist) and Wulf Schiefenhovel (ethnologist and physician) investigated the Mek
cultures. Participating on the Trobriands were ethnologist Ingrid Bell- Krannhals and linguist Gunther
Senft. With the Himba, I worked with Herero-speaking ethnologist Kuno Budack. Ethological film
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studies provide us with a valuable basis for cross-cultural comparisons (K. Grammer,
1988).3

Movie film evaluation can be done with different perspectives. Counting the abso-
lute frequency of events, for instance (how often someone laughs in a culture), makes
no sense, since our filming is not a random sample. But it is useful to tally frequencies
within specific behavioral categories, compare their appearance in individual situations,
and to record their effect. Thus, when analyzing our films, Polly Wiessner found re-
markable cultural differences in strategies of food requesting and offering in children
(p. 503).

Film is the basis for a precise description of behavior for any comparative purpose
because it allows the observer to view the interaction again and again and record
details of the actions and interrelated actions. (See Fig. 3.4.)

The assessment and statistical analysis of 233 filmed events of rapid brow raising in
a contact situation in the Eipo, Yanomami, and Trobriand islanders (using the Hjortsjd
and Ekman facial action coding system, p. 447) showed that the pattern of the muscle
action were nearly identical in all three cultures.

The phases of onset and offset show little variation both intra- and intercul- turally.
Variation occurs only for the duration of maximum contraction and on an interindi-
vidual level. There are no intercultural differences. If eyebrow raising is used as an
introduction to interaction, the duration is shortest in all three cultures. Thus, in spite
of the great differences between test subjects, the eyebrow raising sequence is a rather
rigid program, in the sense of an exclamation mark of the face.

Computer analysis showed further that infants, children, and juveniles display less
individual temporal variance in eyebrow raising than adults, which indicates a stronger
attachment to the biological program of the behavior. Apparently adults learn to add
emphasis to eyebrow raising using a voluntarily prolonged contraction amplitude (K.
Grammer et al., 1988).

The contraction of the inner and outer forehead muscles is not arbitrarily combined
with other facial expressions. Eyebrow raising and smiling and upward movement of
the head appear together most frequently, which confirms my original interpretation of
the eyebrow raising as “yes to social contact” (eye greeting gesture). This interpretation
is even more likely in view of the fact that emotions of rejection, manifested facially by

documentation was largely my responsibility.

3 The project was set up by my co-worker Barbara Hold. After trial testing in the Munich kinder-
garten, she installed remote-controlled video observation equipment in the Socking kindergarten. Three
ceiling-mounted cameras, free to move in all directions, and three microphones permitted undisturbed
recordings of the children. Each child was recorded over a year on two randomly changing days per
week, five minutes per time period, for purposes of multiple analysis. There are a total of 4250 minutes
consisting of 850 five- minute videos of twenty children, an average of 42 recordings per child. The data
base has been investigated independently by various members of our group (G. Attili, K. Grammer, B.
Hold, G. von Oettingen, H. Shibasaka, M. Schleidt, and R. Schropp) for social strategies, social hierar-
chy phenomena, conflict, object transfer, showing off, friendship development, 116 and others. We will
cite this work elsewhere in the text.
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vertical forehead wrinkles above the root of the nose (grim look), are either strongly
suppressed (Eipo) or do not appear at all (Yanomami) in some peoples (Fig. 3.5a-c). It
is physically feasible for such muscular combinations to occur, since different muscles
engage in the action units (p. 456), but great effort is required to do so. Apparently the
neuronal connections are different. Vertical forehead wrinkles may occur just before
eyebrow raising as a slight expression of skepticism or fear (p. 118).

W. Siegfried’s (1983, 1988) work is another example of using film for behavioral
analysis. His phenomenological descriptions of dance led to formulating the hypothesis
that dancers develop, stabilize, and vary a binding spatial /temporal structure shared
by the dancing group. He tested individual elements of his hypothesis with film that I
had collected among several cultures. Siegfried used the courtship dance of the Himba
(Fig. 3.6) to work out the construction of a spatial configuration. Young men form
a semicircle opposite a second semicircle of young women. Individual men or women
jump out of their semicircle for a brief display dance. The men execute high leaps, and
the women rotate so that their skirts fly up and for a fraction of a second display their
backsides. The development of the spatial/ temporal structure was studied from films
of different Bushman dances. In the girls’ “apron flip dance” of the !Ko, the dancers
stand in a circle oriented toward 117

Figure 3.4. A greeting with the eyebrow-flash (rapid brow raising) together with
smiling and head tossing) of an Eipo woman is illustrated using the facial action coding
system (FACS) (P. Ekman and W. V. Friesen, 1978). The frame-by-frame analysis
comprises either individual muscle contractions (action units: AU) or muscle groups
(action descriptors: AD). In this example, 110 frames were analyzed for the movements
of specific muscles. In Frame 1399 the eyebrows are lowered and drawn downward, a
motion created by AU4 (brow depressors: depressor glabellae, depressor supercilii, and
corrugator supercilii), attaining its apex of contraction shown as the symbol 1. We
also recorded gazing at the camera (AU59). Thirty-seven frames later (Frame 1436),
the eye opening is reduced (AU6 cheek raiser: orbicularis oculi, pars orbitalis) and
she smiles (AU 12 lip corner puller: zygomaticus major). Furthermore she opens her
mouth slightly (AU25 lips part: depressor labii or relaxation of mentalis or orbicularis
oris). All motions are shown at their apex. Orientation toward the camera was also
recorded (AU59). Seven frames later (1443) the eyebrows are raised (AU 1 inner brow
raiser: frontalis/pars medialis and AU2 outer brow raisers: frontalis/pars lateralis). The
upper lids, formerly raised, are now lowered (AU5 upper lid raiser: levator palpebrae
superioris, Offset: symbol >). AU6 and AU12 are still at their apex; she has her mouth
open (AU25) and begins lifting the head (AU53 onset of head upward: symbol <). In
the last frame (1479), AU1 and AU2 are declining and only the smile and the raised
cheeks are sustained (AU 6 + 12). AU50 is also engaged as the woman begins speaking
and her gaze is still directed at the camera (AU59). Note the onset of smiling preceding
eyebrow raising (AU 12) and the termination of AU4. From K. Grammer et al. (1988).
Photo: 1. Eibl-Eibesfeldt.

128



the center and they alternate between forward and backward jumps (Fig. 3.7). He
recorded the jumps of all the dancers to elucidate the process of their synchronization.
Since it is difficult to see in the movie when the foot actually hits the ground (because it
sinks into the sand before actually completing a step) and thus seems not to correspond
to the dance dynamics, reference frames were those in which the knees were bent at
their maximum. This occurs at the dynamic height of the dance, and in most cases
it is clearly visible (compare Fig. 3.8). These maximum knee bends were compared
for all four dancers in a frame-by-frame study and documented in a sequential record.
In Figures 3.9 and 3.10 the initial and terminal phases of the synchronization process
are evident. The initially uncoordinated knee bend maximums are synchronized to
within 1/25th second in the terminal phase of the dance. Knee bending was recorded in
middle, front, or rear positions to account for their spatial relationships. Transposing
the points to the spatial relationships will reveal the successive development of the
shared spacetime structure of the four dancers.

Figure 3.5. (A-C) Frequency distribution of the duration of onset, apex, and offset of
the contraction of facial muscles, brow raiser (frontalis, pars medialis) and outer brow
raiser (frontalis, pars lateralis). Graphs depict the frequencies with which movements of
a specific duration occur in movie frames (one frame lasts 0.04 second). No significant
differences exist in the mean values of onset and offset in the three cultures. Frequency
distributions are nearly identical with the exception of the duration of apex. For the
apex, analysis of duration shows a significant difference; in the Trobriand Islanders,
the apex of contraction is significantly shorter than in the Yanomami and Eipo. From
K. Grammer et al. (1988). 119

Duration (frames)
Figure 3.5B. See legend on p. 119.

Duration (frames)
Figure 3.5C. See legend on p. 119.

Figure 3.6. The dancing area is defined by the spatial relationship of the dancers.
Walther Siegfried used R. Deutsch’s (1979) symbols to depict the formation and vari-
ations in spatial configuration in the Himba courtship dance. Men and women form
opposite semicircles out of which individual men and women jump in display dances
into and out of each other’s dancing space. Finally, the men dance so close to the
young women that the latter jump away (once the last man has approached them) to
form a new semicircle at a distance from the men. This spatial development ensues
over a period of about 20 minutes. The series of drawings was copied directly from
film. From W. Siegfried (1988). Photo: I. Eibl-Eibesfeldt.

Figure 3.7-3.10. Set-up of the spatial/temporal structure in the girls
dance” of the Ko (central Kalahari).

P13

apron flip

129



Figure 3.7. Sketch of frame 128 of the scene. Dancers are not yet synchronized.

Figure 3.8. Spatial/temporal structure during synchronized dancing,.

Figure 3.9. Knee bend maximum was the reference point for the film analysis.

Figure 3.10. Initial and terminal phases of the synchronizing process. Further com-
mentary can be found in the text. After W. Siegfried (1988).

Basic rhythm: Grasshopper dance

Figure 3.11. (a) Tempo stability in the !Ko Bushman grasshopper dance; (b) in
a dance group of Munich University medical students (p. 125). The basic rhythm is
maintained over a long period with minor deviations. Tempo changes generally took
place in stages. The relationships between the various tempos must be studied more
closely. According to W. Siegfried there are musical parallels to David Epstein’s (1979,
1983) whole-number relationship. From W. Siegfried (1988).

Basic rhythm: 5 students

.0 .« Rhytnmc/.3 uni ts

Figure 3.11. (b) See legend on opposite page.

Figure 3.12. Temporal variations are based on the commonly stabilized basic rhythm.
In the 'Ko grasshopper dance depicted here, rich variations are superimposed upon the
simple basic rhythm. From W. Siegfried (1988).

The tempo stability and variations in temporal structure are shown by film analysis
of the grasshopper dance of the !Ko Bushman. This is a mens’ dance in which two
dancers each dance in rhythm in front of the team, creating various figures and leaping
away over each other (I. Eibl-Eibesfeldt, 1972). Once the rhythm is established it is
maintained over a long time span with astonishing precision. A wealth of variations
is superimposed on the basic rhythm (Fig. 3.12). Siegfried formed an experimental
dance group comprised of students attending Munich University. They were also able
to maintain the basic rhythm over an extended time. Tempo I was followed by an
unstable transitional phase which was then followed by another stable one, Tempo II
(Fig. 3.11b).

When dances or other rituals are filmed in their entirety, such longer sequences can
be studied for their variability and other characteristics. An example is the comparison
of three segments of the Balinese legong dance (I. Eibl-Eibesfeldt and H. Kacher, 1982).
It portrays the “Pengipuk” phase of the courtship of the Prince of Lasem for Princess
Lankesari (Fig. 3.13).

This segment begins with a formal greeting of both dance partners, standing op-
posite each other diagonally, heads swaying tenderly; it ends with a distinct parting
ritual, in which the partners are much closer (and the only time they are immediately
opposite each other) and swaying their heads. The ambivalence of the princess versus
the prince is shown in dance by the princess’ turning toward or away from him. With
a stylized sorrowful posture she expresses her regret at her own rejecting behavior. She
is compelled to reject the prince’s advances because she is already promised to another
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man. Later she reacts to his vigorous courtship with threat expressions, striking him
with her fan and elbows, and by avoidance. The tender head swaying executed by both
dancers is ritualized nose rubbing, which in Bali is generally an expression of affection.
The differentiation of dance, by artistically stylized hand and body movements, is a
fine example of man’s striving to design behavior according to our own ideas and to
master the body.

The graphs shown here (Figs. 3.14, 3.15) enable readers to follow the course of
the dance and to note the regularities and temporal variations taking place. Since
the temporal structure of the three dances differs and cannot be shown completely in
Figure 3.14 at AT, all three dances were brought into conformity at point Z.

Using the accompanying key (Fig. 3.14) one can tell that all the dances can be
divided into the phase sequences A through N. Each phase is characterized by a dance
segment involving a place change by the female dancer (black fields) and in place
dancing (white fields). These phases are also represented at the right margin by lower
case letters (mobile dance segment) and upper case letters (stationary dance segment).
The orientation of the dance partners, divided into male and female roles, is also keyed.
Each phase is marked by the appearance of specific behavioral patterns (1-10 and T).
Timing of the events is shown on the left side of the figure. The behavior patterns
are indicated solely by their initial appearance with numerals and with the circular
symbol, with which their subsequent appearance is noted.

The following behavioral elements were recorded (Fig. 3.13):

1.The first mutual eye contact of the partners with slight swaying (not indicated
separately here). We also did not indicate on the right margin this position of the
partners only shortly interrupting the flow of the dance segment.

2.“Sorrow’” posture following ritualized tear wiping (stationary) S. Stationary dance
of the princess with emphasized esthetic body, arm, and hand movements, which por-
tray the feminine attractiveness of the princess.

3. Head swaying as an expression of affection (ritualized nose rubbing). The prince
begins with 3 at a distance already in 1 and then again in B. Only suggestions of this
movement are indicated by the princess. Prince and princess simultaneously display 3
at a distance during and after E. In Hj and H, there is a mutual head to head 3, with
nose rubbing invitation 5 then following head to head 3. At 9, the confrontation, the
couple displays I in Pi and, briefly, 3 in AT, a face to face distinct nose rubbing.

Typical masculine and feminine expressive movements

"Finger trilling” of the prince. The hands are in the initial position with outward
turned palms crossing the chest. They are drawn laterally away from the chest as the
out-stretched fingers open and close in a scissor-like manner.

Figure 3.13. Frames copied from a test dance sequence: (a) Greeting confrontation

1/1 in phase a; (b) display (T-posture) of the prince and regret (2) of the princess in
phase A; (c) head swaying of (3) the prince and (2) princess (phase B); (d) S-posture
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(phase C); (e) W-posture and back-to-back orientation (phase D); (f) mutual rising
(hh) in phase D; (g) mutual knee bending (tt) and S-posture (phase D); (h) finger
trilling (4) of the prince (phase E); (i) 4 and w (phase E); (k) prince stamping (k)

and princess twice indicating sorrowful expression (2); (1) head swaying of prince and
princess (3/3) phase H 1; (m) nose rubbing proposition (5) and rejection (6) phase H;
(n) pinching attack (7) phase K; (o) Pinching attack (7) and defense (8) phase K; (p)
departure confrontation 9 (3/3) phase M; (q) departure: the prince dances behin