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ON THE NEUROPHYSIOLOGICAL BASIS OF WAR*

A. 8. Iberall

INTRODUCTION

Aggressive behavior and human warfare have
been topics for technical discussion for some time.
The subject passed with serious scientific concern
across the minds of at least three of the great
modern innovators — Marx, Darwin, and Freud. How-
ever, it went firmly on the scientific agenda with
Dart's discovery of bashed-in baboon skulls asso-
ciated with australopithecine remains and his sug-
gestion that this represents an illustration of the
ancient and primary nature of aggression in man.
With no attempt at exhaustiveness, the names of
some of the more recent contributors to the prob-
lem and the literature they have produced may be
found in WECarthy, et al. (1964), Lorenz (1966),
Fried, et al. (1968), Montagu (1968, 1969), Scott
(1969), and Alland (1972). In particular, we wish
to reform the views of Monod (1971), Scott (1969),
and Alland (1972), which some will find apparently
in opposition, to provide a new biophysical hypo-
thesis for human warfare. The physical basis for
such a hypothesis may be extracted from Iberall
(1972). ’,

Monod. Monod's view is that selection pres-
sure on the upright australopithecines forced ar-
ticulate symbolization and then, from emergent
language, human culture. Beyond coordination and
representation in this new primate's cortex, a cog-
nitive frame of reference was coded for, in which
internal simulation and programming were possible.
A program for learning thus became man's genetic
heritage.

Simulation and larguage made man master of
his domain. This created further pressure toward
group behavior. But, having mastered his environ-
ment, man's own species became his only adver-
sary. Tribal warfare has become the important
evolutionary factor.

Scott. Scott has been quite influential in etho~
logical circles in providing a classification for be-
havioral modalities (for example, see Scott 1962).
His view (1969) is that group fighting, part of ago-
nistic behavior, is rare among animals. At most,
it is reported among only two phyla—arthropods
and vertebrates. He points out that much of agonis-
tic behavior is ritualistic. In many species in which
dominant-subordinate behavior exists, once the
social order is established, threat and avoidance
substitute for fighting. Finally, in mammals, in the
great majority of cases wherein agonistic behavior
Is a prominent part of social organization, it is

confined to fighting among individuals. But this, he
points out, is 'definitely not the case in human
warfare. He examines various primate species

—as_models— for--human precultural -social - life -and
essentially finds no general evolutionary tendency
toward group warfare in other than humans. (Other
authors do not find any particularly convincing evi-
dence for organized aggressive activities before
the Upper Pleistocene, l.e., before H. Sapiens
Neanderthalis and H. Sapiens Sapiens.—Author's
note.) :

In military organization, Scott believes that
a major motivational system is allelomimetic
{acting like the.rest of the group) as well as ago-
nistic. He finally opts for the thesis that a major
cause of destructive fighting, when it occurs in
animal societies, is social disorganization. In
humans, at th2 age of late male adolescence, there
is a period almost a decade long following the
youth’s taking leave of the primary family and
prior to his establishing a new one. This age is
marked by high violence. While this period of dis-
organizationof social participation does not directly
make for warfare, it can be organized by providing
some kind of external threat.

Alland. Alland reacts to biological determi-
nism, in particular, using Ardrey, Lorenz, and
Morris as symbolic spokesmen, by a reductio ad
absurdum of their reductionist theory. If human
nature is to blame for warfare and violence, there
can be no human responsibility, and all calls for
gocial action are useless. He takes up specific
challenges and refutations of competition, aggres-~
sion, and territoriality as human "instinets.” Man
is an open social animal with potential for both
aggressive and cooperative behavior. Which be-
havior emerges depends largely on the nature of
society.

We do not wish to use Alland as a straw man,
but an instinct theory of behavior is not accepted
by very many thoughtful reductionists, and the
branching character of evolutionary behavior is not
bound to a genetic code. Instead, it emerges epi-
genetically in response to its surrounding milieu
(Yates, et al. 1972), society being one of the major
"solvents” for human behavior. .

We propose to reconcile these views by a
more embracing thesis.

THESIS

"Purpose" or ';goa]s" emerges in a system
from the properties related to its underlying atom-

*This report was. developed out of work supported by contract with the U. 8. Army Manpower Resources Re-
search and Development Center, which ia gratefully acknowledged.
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stic asscciatiors. Moned (1371) expressed the
theme for the genetic code; Iberall (1971a) ex-
pressed it for social behavior. Iberall identified
goals as the emergent properties that stem from
the dynamic equations of change for a system (e.g.,
the hydrodynamic equations of change). The equa-
tions of change are associated with the summational
invariants of an ensemble of the underlying atomis-
tic entities which comprise the system. In Monod's
illustration, the atomistic entities are the molecules
that make up stereo-specific molecular ensembles
in the genetic code. In Iberall's illustration, the
atomistic entities first comprised the cellular en-
sembles that make up the brain; second, the indi-
viduals that make up human society which are as-
sociated with the summational invariants. While
many readers may consider such language to be

. jargon and semantic juggling, nevertheless, there is

. a new movement afoot to establish laws of societies
of all sorts on a common statistical thermodyna-~
mical foundation. See, for example, Gal-Or (1972)
and references therein.

It is clear that there are social animals, and
in fact some crude construct is possible to account
for the more primitive aspects of a unified socio-
biology (see, for example, Wilson 1972). However,
our concern ig with the higher species, primates
in particular. It is clear that a dominant-subordi-
nate male leadership relationship is quite commonly
established in many primate species and is likely

“traceable to specific relations in the mammalian

- brain. In particular, we are concerned with the
brain of the upstanding primate whose behavioral
reactions are no longer tied so tightly to the older
"smell" brain (or, using MacLean's preferable no-
menclature, the paleomammalian cortex, or limbic
system). This brain is free to let selection pres-
sure lead the animal into exploring the newly emer-
gent world of.the neocortex, particular the visual
cortex. Man par excellence is a visual animal.
(The extensive contributions of such investigators
as MacLean and Delgado to the command-control
activities of the brain can be profitably examined
for pieces of the story. See for example, MacLean
1970, Delgado 1569).

What did the selection pressure on the "see"
brain lead to? One branch of emergent behavior
obviously led to tool making. That is now docu-
mented back to 2-1/2 million years ago by Leakey
and colleagues.

- However, 2s Monod well puts. it, the selec-

. tion pressure on the cortical structure of the up-
standing australopithecine, whose evolution for idea-
tion barely kept ahead of physical evolution, finally
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forced articulation. But when? Here we differ with
most investigators who are much more expert than
we are. We propose that speech only came into
existence about 40,000 years ago (Iberall 1972).
That is, we suggest that high speed human speech,
rich in abstraction, did not exist in any fossil man
through Neanderthal and likely could not have been
born until- a time near the end of the Neander-
thalers or the beginning of Cro-Magnon men. We
have assembled our sparse evidence for the theses
elsewhere (Iberall 1972, p. 223-227, 228). 'It is
based on the question of whether handed tools
existed with equal number before Upper Paleolithic

-times, and a predominance of right handed tools

since Neolithic times. The suggestion is made that
dominant handedness may be correlated with the
dysymmetry of a speech center. Added evidence
now includes the observation (Lieberman, et al.,
1972) that Neanderthal man likely had a supra-
laryngeal pharynx which was inadequate for the
production of the phoneme structure of the human
language.l -

A recent article of Leopold and Ardrey (1972)
points out that Oakley's review indicated the suddep
spread of hearths 40,000 years ago, at which point

in time man added fire-making to his cultural

heritage.

What theme can we infer from these and
many other observations—that primates are gre-
garious? That they form bands and tribes? That
they develop social structures and orders which
differ between primate species, even close primate
species? All of these statements can be backed
by large amounts of hard observational evidence
(to cite one illustrative reference, see Eisenberg,
et al. 1972), but they still do not account for human
culture and for warfare. There are correlations
between ethlogical observations and neurophysio-
logical observations sufficient toaccountfor fighting,
for individual fighting, for ritualistic fighting, for
playing and fighting, but not for the intraspecies
fighting of organized group against group.

Let us take the cue from Monod but add some
physics. The extensive sight sensorium requires
a large degree of abstraction. In our opinion, it

- raises the logic level from a denumerable arith-

metic logic to a geometric field logic (Bloch, et al.
1971). The brain must cope with and interpret
complex geometric relationships (both in upstanding
hominids and in birds). That capability, in one line

...of . development, . leads to tools.- The-use of tools
--puts further pressure on-developing eomprehension

of even more complex relations, not only of sub-

- Ject-self and object-other, but also of a third dy-

1, Namely, the new born human, chimpanzee, and Neanderthal man did not have an accoustically useful pharynx,
"There is practically no supralaryngeal portion of the pharynx present in the direct airway out from the larynx when
the soft palate shuts off the nasal cavity in the chimpanzee, Neanderthal, and newborn man. In adult man, half of the

- -supralaryngeal vacal tract i3 formed by the pharyngeal cavity.”. While cruder or- slower symbolization might have been
-- possible earlier, it would seem that an abstract language structure fully- capable of processing information- at neural
rates (e.g., 5-10 signala per secoand) was not feasible without modern human phoneme capability and some particular

brain capability.
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namic entity—an artifact that can transpose from
self to other and yet is neither self nor other, but
is an intermediary, a "tool". This abstraction of
tool puts even greater pressure on the cortex to
develop an abstractional capability broad enough to
encompass not only this triangular relation but any
"polygonal" relation in which any vertex repre-
senting various sensory input modalities can be
jointed or correlated or translated into an identifi-
cation with any other vertex. The coordination
center that leads to internal language capability
was thereby advantaged. The point of understanding
the issue of abstraction is, When? We date it late,
e.g., 40,000 years ago, to make it a distinctive
genetic event to be associated with modern man
but, being amateurs at the game of developmental
biology, our "guess” should be taken in that spirit.
In general, we can agree that culture in a modern
sense also came into existence by or at about that
time (Oakley 1961, Klein 1969, Iberall 1972).

The start up of a modern fixed-settlement
style of life did not begin until after the passage
of another 30,000 years, i.e., until the Mesolithic
times of perhaps 11,000 to 12,000 years ago (Mel-
laart 1965). The explosion of urbanization is viewed
as having begun perhaps 6,500 years ago. Thus
30,000 years of pressure may have been required
to take a "fix" on the consequence of language in
‘the form of a formal social structure that could be
transmitted as a learned culture. Monod's concept
of internal simulation and programming is certainly
an appealing one.

We still need a biophysical basis for the
transformation to intraspecies conflict. One finally
has occurred to the author.

The use of abstraction by internal simulation,?
instead of via the more direct neurally connected
lines of touch, feel, smell, taste, see, permits one
to leave the track of (or to make an internal ex-
cursion from) the sense of a specific state-by-state
identification of the changing scene. The identifica-
tion can then drift or become lost in the brain as
an abstraction; for example, man can fantasize. At
the same time, the capability of abstracting and
simulating speeds up the internal processing of in-
formation. The brain provides a "fire,” a "high
temperature” source that processes quickly and
indefatigably.3 It drives the internal fluxes of
ideation into instability. Ideas in the end are the
abstract, perhaps deformed, trace of neural activity
(John 1968, 1972; Iberall 1972b). Out of these un-

stable fluxes, the "hydrodynamic" turbulence of
thought, new structural forms (patterned- forms)
emerge. Abstractions—goals, values, friends, ene-
mies—come into being, but not immediately. As
speech is practiced and developed, its forms emerge
under selection pressure. Killing man becomes an
abstraction, then a tolerable abstraction. This is
to be distinguished from killing a man. (Note, if I
talk about killing one's mother, or father, or sister,
or brother, or friend, or an innocent, or a child,
this immediately evokes a feeling of horror. Yet
it was precisely these thoughts and themes which
furnished the foundations for Greek tragedy 2500
years ago. The artistic achievement thus repre-
sented is another of man's great abstractions of
language. It is no longer a wonder that all of these
themes of drama emerged almost simultaneously.)

Thus in the abstraction of language applied
to social living, in which abstractions are not
guides for conduct but are patterned "entities"
which free the cortex for increasing circles of
action, the concept of warfare becomes feasible.
And, as Scott suggests, it can be almost easily
introduced when images of social disorganization
program themselves in the mind, and it can be
most easily manipulated by threat. Whose threat?
During each generation, as Freud implies, the old
discharge their hostility on the young. Warfare
takes place—the innocent young (war is a young
man's game) against the young and innocent—until
the intensity of social disorganization subsides.
The more primitive epimeletic (care-giving) and
et-epimeletic (care-soliciting) behavior (Scott 1962)
that is clearly programmed in domesticable ani-
mals, including the primates, can now be caught
up in the turbulent, unstable turmoil of confused
messages from the limbic system, processed by
this new cortex with its complex coordination
center. Sex, food, aggressive action all become
intermixed. Can very many observers, after a
moderate amount of gocial conditioning, withstand
the visual pulse-stirring imagery presented by
high speed, sex, high living, and violence?4

In particular, warfare emerges from the
cooperative instability of heated up ideational ab-
stractions in a disturbed social period, coupled
with allelomimetic (cooperative) social behavior
brought to a focus by an accepted threat. While
the rising "temperature” takes place in individual
brains, people and circumstances fan the rever-
berating fires into a socially cooperative mode or

2. An abstraction can only be called into being by some simulation or representation. As an "abstraction,” it is

not the thing in itself.

3. While fire and temperature may be regarded as metaphors, they are not meant as such. In an active ensemble
of entities, temperature is the summation of kinetic energy of the atomistic particles. If the atomistic action, e.g.,
perve impulses, 18 high but not derived from an inertial character, "temperature” would be an appropriate measure of
activity but the metrics, the weights, would not be particle mass. Brian Goodwin has used the concept at the cellular

level; here it Is being used at the neural level.

4. To cite a very typical illustration, any reader of Puzo's current novel, The Godfather, may time his pulse
when he watches the motion picture made from the novel, as the scene in which the dead horse is found in bed ap~
proaches. The example chosen is highly colored, but it illustrates quite aptly how volatile and easily connected the

autonomic responses can be.
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mood of social antagonism of one group against
another. A nonlinear limit cycle of sustained war-
fare activity ensues until the cooperative modal
energy subsides and drains away. The latter point
has been described by Richardson (1948). Then a
new generation cycle starts.

Why isn't the individual more of a killer?
The internal coordination center which led to speech
did not convey that much of a selective advantage
to man as an individual. As an individual, man is
more nearly an ordinary primate. He can do fairly
well as an individual competitor in the ecology,
but not exceptionally. He- becomes exceptional only
when organized into society. Then there is a tre-
mendous feedback amplification of his individual
activities, coordinated by his coordination center.
Thus the instability that expresses itself in killing
by the individual generally occurs only with ex-
treme personal duress, is very rare,5 and is most
commonly directed at close family {i.e., to a well
known person). On the other hand, the social in-
stability governed by communicational coupling is
tremendous. .

Obviously this internal instability model—
partly biochemical, partly bioelectric, partly me-
chanistic, involving specific brain structures and
their interactirg flux streams—in which the re-
solving nonlinear limit cycle stability emerges from
cross-correlation operators (illustrated in cther
systems' contexts in Bloch, et al. 1971, Iberall
1971b) is likely a general model for the emergence
of all behavioral modalities. It is just the "purely”
social modalities, involving coupling links external
to the organism, that have thus far escaped analytic
attention.

In summary, information channeled through
lower levels (e.g., hypothalamus, pituitary) reaches
the limbic system where data are processed in each
channel of activity (e.g., food, sex, agonistic be-
havior). The information also passes to the cortex
which, with its coordination center, spreads and
diffuses the channeled information into a multi-
channeled response. The limbic system and lower
centers are thus repeatedly confronted with ever
broadening inputs. The "reverberations™ continue
as long as any suitable source of input information,
whether external or internal, is present. Response
does not have to be "appropriate' to the originating
channel. The system -thus becomes linearly un-
stable. It is only stabilized, as in hydrodynamic
turbulent fields, by finding a complex constellation
of channels by which the internal circulating sig-
nals can be maintained near equilibrium. This com-
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plex of channels represents the complex behavioral
modes of the socialized human.®

We are confronted by dual competing pro-
cesses. On one hand, in the local neural net the
nervous system is self energizing; on the other
hand, it is laterally inhibiting (i.e., self-quenching).
Selection pressure on the highly occupied visual
cortex puts a premium on the development of a
higher "Q" response (less inhibition); thus, a pres-
sure toward a coordination center. But if the
damping is too little, a jittery schizogenic system
would emerge (for example, note the behavioral
responses in very small mammals). The emergent
compromise that took place was an increasing "Q"
achieved by the higher diffusion into lateral chan-
nels to make up for lateral inhibition, but not to
the extent of making the system wild. What emerged
was a system without too much mental reinforce-
ment or too much mental damping. This, for the
first time, 40,000 years ago, distinguished man
from other primates and in fact from all other
mammals.

ADDENDUM

In a recent personal communication, the

auther was criticized by Dr. Leiberman who in

essence makes the following points critical of the
author's outlook.

1. The brain of Neanderthal man was later-
alized (source: Beule, Vallois Fossil Men). This
might make the concept of a sudden appearance of
an abstract coordination capability dubious.

2. Neanderthaloids of 100 to 200,000 years
ago had human-like vocal tracts. Thus they might
have had both a functional and an actual capability
of human-like speech.

3. Classic Neanderthal man likely was a more
primitive fossil stock that survived into modern
times. Thus lack of human-like speech capability
for Neanderthal does not prove that earlier homo
(the pithecanthropines and neanderthaloids, who
were the "first'” homo or hominids very near homos)
could not speak. . . '

4. Neuraland anatomical abilities stay in step
in the long run but they do not have to be syn-
chronized. The operative chain can be circular and
also evolutionary. Yet, Lieberman willingly states
that:

- 5. The process of gradual development of
proto-human language and culture may perhaps
have reached a point where some rapid change in
behavioral patterns occurred 40,000 years ago (so

§. This is ot to imply any relative measure in numbers of individual killings versus organized warfare killings.
The fact is that both behaviors are rars. That is why species preservation can be achieved by essentially "rare" repro-
ductive activities; that {s, families of humans do not have to reproduce very many more than two per family to hold

population near constant.

8. One must note, from a neurophysiolegical panel discussion at the 1972 American Society tor Cybernetics
(Harnad, Goldstein) Meeting, that what we have referred to here as up-down (neocortex-limblic system) instability, may
very well involve left-right (hemispheric) instability, The point of our paper is to suggest, not pinpoint absolutely,

neural mechanisms,

..
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that parallel hominid developments were extermi-
nated).

As an amateur, the author is still willing to
put forth the following argument. Modern man has
a language coordination center. He has a capability
for a complete range of abstraction, accessible at
neural rates (e.g., of the order of 10 symbols per
second). The abstraction of tools’ goes back to
much earlier fossil hominids, e.g., australopithe-
cines 2 million years ago. The full abstract range
of culture starts more nearly 40,000 years ago
with modern man (for example, the abstraction of
art forms). There must be a neural or anatomical
change associated with that evolutionary emergence.
Thus it is preferable to date a particular brain
change withthe time at which the capability emerged.
While the author would agree with no need for
"immediate synchronization, it would be hard to
accept time delays of much more than 5000 years
for application of capabilities. It is a physical ob-
servation, almost a dogma, that when a physical
configuration or force bound structure is not ex-
plicitly excluded it comes into being, i.e., that
which is not physically excluded occurs. Time de-
lays are most often transit or process delays, or
velocity delays in assembling small numbers.

Some further pursuit of the neuroanatomical
questions with J. Arieéns Kappers (personal com-
munication) has revealed the following.

Since my original sources of information
were the second-hand recollections of Warren
McCulloch summarizing results he had learned
from C. U. Ariéns Kappers, the check is infor-
mative. J. Ariens refers to published material of
his uncle, C. U. Ariéns, which (loosely phrased)
indicate (1) some lateralization of the lobes of
Pithecanthropus, as well as Neanderthal and modern
men. (Proc. Roy. Acad. Sci., Amsterdam, 32, 189,
1929). (2) Neanderthal showed further dissymmetry;
i.e., in observations in the inferior frontal sulcus,
both a ramus interior and anterior is found quite
pronounced in the left lobe. In more modern man,

under this fissure lies the region of Brodman,
which in the left acts a part in speech. By com-
parison with Pithecanthropus, in Neanderthal the
inferior frontal convolution has enlarged dorsally
and frontally. (The Evolution of the Nervous Sys-
tem, Bohn, Haarlem, 1830, p. 237.). (3) In Nean-
derthal, some unidexterity seems to have existed.
However, K. Bouman "personally tested the fitting
of prehistoric implements of Moustier [Neander-
thal man of 40,000 years ago] in his right and left
hand, found about an equal number fitting left as
well as right, whereas with Solutrean implements
[modern man 20,000 years ago] the right hand pre-
vails.” Accepting some person to person to person
distortion in both space, memory, and time, the
thread is remarkably similar to the exchanges that
the author had with McCulloch over these points.

Thus J. Ariéns Kappers summarizes C. U.
Ariéns' opinions, with which the author concurs,
that

1. Neanderthal (at least in some) showed de-
velopment of the motor speech center of Broca
on the left beyond that in Pithecanthropus and the
apes.

2. Unidexterity was supposed to have existed
in Neanderthal because of a slightly larger left
hemisphere and a somewhat heavier right humerus.

3. But the results obtained by Bouman do not
speak for well-developed handedness in Neander-
thal, whereas modern man in the Solutrean period
{20,000 years ago] seems to have exhibited right
handedness.

Obviously, J. Ariéns Kappers points out, it is
difficult to make deductions on the presence of
speech ability simply on the ground of fissuration
patterns. But, on the other hand, the author pro-
poses a specific hypothetical line to provide a basis
for considerationof a particular thesis. The findings
of Lieberman, it would seem, fit in and still support
the trend of the thesis. The model outline, in
recapitulation, is the following table.

Speech at Time in past

peural rates years

Australopithecus Tools of equal handedness No 2 x 108
Pithecanthropus! Tools of equal handedness No 500,000
Neanderthal Tools of equal handedness No 50,000

(some unidexterity)

Modern man Tools of equal handedness ? 40,000
Modern man . Right handed preference Likely 20,000
End of last glaciers Likely 14,000

Modern man (mesolithic) Likely 12,000
Modern man (neolithic) 7 Ltkely 10,000

1, The term Pithecanthropus, the older term, is used loosely to denote those
fossils now generally identified as belonging to the genus, homo, in part‘cular, Homo
Erectus, Also the thesis is being vigorously pursued by young Leakey, with in-
creasing evidence that tool-using homo existed contemporaneous with the Australo-

pithecines,
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Was there a 20,000 year gap from squal to
preferred handedness in modern man? Was there
a similar gap in speech? The author has no evi-
dence. Mizht there have been a nominal 5000 to
25,000 year delay in the onset of speeded up modern
technological development, even with speech? Yes,
if the hunting patterns of an ice age still gripping

I3ERALL

the relevant geographical areas continued to domi-
nate man’s genetic adaption and his activities. It
is more plausible that, upon the end of the ice age,
progress '"quickly" (e.g., a few thousand years)
drove tool-making, speaking man toward his modern
technological societies.
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