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Abstract 

The most basic elements of culture which 
separate humans from other animals are the 
efficient use of tools and the development 
of language. Evidence is presented sug
gesting that a key mutation for lateral 
dominance formed part of the biological 
basis for the sUbsequent development of 
culture which is dependent upon handedness 
for the efficient use of tools, and upon 
cerebral speech asymmetry for the lateral 
localization of language functions. 

In the course of evolution, mutations sometimes occur 
which lead to quantum shifts in the adaptation of a 
species. G.G. Simpson (1953:391) calls these "key" 
mutations. A key mutation marks a turning point which 
allows a species to pass from one adaptive zone into 
another. 

The origin of human culture reflected a quantum 
transformation in the ad9ption of early hominids which 
allowed them to begin to exploit an adaptive zone 
unchallenged by any other biological form. Therefore, 
we might expect to find a key mutation which marked 
this turning point in hominid evolution and eventually 
led to our unique cultural way of life. 

The most basic elements of culture which distinguish 
humans from other animals are efficient tool use and 
the development of language. Human behavior is 
universally based on these traits. If a biological 
basis for human culture were discovered, it could lead 
to a new understanding of human evolution. 

Culture is passed on socially, but the uniquely 
human ability to acquire culture is passed on genetically 
(Tax,1960). Any reconstruction of the origin of culture 
must relate tool use and the development of language to 
their biological foundations by applying the evolutionary 
processes of random mutation and natural selection. 
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Human behavior did not develop in a biological vacuum. 
One approach to the study of how culture originally evolved 
is to search for characteristics in the human nervous system 
which differentiate us from other living forms. 

The biological locus of culture, of course, is within 
the boundaries of the human brain. During the past two 
million years, hominid brains have approximately doubled in 
size. Haldane (cited in Mayr, 1971) calls this the most 
exceptional evolutionary change of which he is aware. Human 
brains, however, are more than simply inflated pongid 
brains; rather, they have been differentially enlarged, as 
well as reorganized. 

Halloway (1966) has shown that comparing gross cranial 
volume of apes and humans is not comparing equals. For 
example, Penfield and Rassmuss en (1957) have drawn cortical 
maps of the human brain showing that mo~e than half the 
sensory and motor areas are devoted to those body parts 
controlling tool use and language (e.g., to the hands and to 
the vocal apparatus). Washburn (1959) has contrasted this 
uniquely human cortical map with a map of a monkey brain. 
These data suggest that the evolution of the human nervous 
system has focused on the cortical areas related to 
efficient tool use and language. 

Halloway (1967), Pilbeam (1972) and others share the 
opinion that the hominid brain has been internally 
reorganized as well as differentially enlarged. The 
evidence derived from the study of human microcephalics 
supports this conclusion. Microcephalies, although mentally 
retarded, usually learn at least the rudiments of language 
and are able to function within a cultural system in a way 
that is beyond the capability of any other animal. Yet they 
often have smaller brains which contain fewer neurons than 
some living apes (Lenneberg, 1967). Thus, the human brain 
has been reorganized, but the nature of this transformation 
has not been well understood. Perhaps we can shed some 
light on this problem. 

While all higher animals exhibit bilateral symmetry, 
only humans seem to have a nervous system which contains a 
combination of major asymmetrical functions (Jung, 1962; 
Lenneberg, 1967; Geshwind, 1970). These functions are 
expressed by such traits as manual laterality (handedness) 
and asymmetrical cerebral functions which control language 
a b i l i t i e s (cerebral speech dominance) . 

Apparently this combination of traits is not shared by 
our animal relatives. In a thorough review of the 
literature, Hecaen and Aj urriaguerra (1963) concluded that 
among infra-human animals, one evident ly cannot speak of 
handedness. In his s ummary of the c o n f e r e nce on 
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Interhemispheric Relations and Cerebral Dominance, Jung 
(1962) agreed, stating that unilateral preference in animals 
is quite different from handedness. 

Some kind of lateral preference of the forelimb, 
however, has been noted in a variety of infra-human species 
by several investigators (e.g., Lashley, 1924; Collins, 
1968; Crinella, et al, 1972). In contrast to humans, with 
very few exceptions (e.g., Ettlinger, 1961), animal studies 
have been shown that the incidence of left-right preferences 
tends to be nearly equal (Finch, 1941; Yerkes, 1943; Cole 
and Glees, 1951). Paw preference in various infra-human 
forms is also more easily reversed than in humans (Warren, 
1958) . This evidence supports the contention that 
handedness, as expressed in humans, who make tools with 
freed 

t 
forelimbs, is not the same as paw preference. 

The study of vocalizations provides more interesting 
contrasts. The only vocalizing locus found in all infra
human primates tested is represented bilaterlly in the 
primitive limbic system of the brain (Robinson, 1972). The 
limbic system is capable of communicating only simple 
messages which are limited to the present emotional state of 
the animal. Robinson further states that all attempts to 
find cortical representation of vocatizations among infra
human forms have failed. 

Among humans the limbic system exhibits the same 
limited abilities found in monkeys. This, however, 
represents only a minor portion of our communication 
repertory. Human language is primarily controlled by 
specialized areas of the neocortex which are mostly 
lateralized to the left cerebral hemisphere. Cortical 
vocalizations are superimposed on these of the primitive 
limbic system. 

A search of the literature reveals that the existence 
of cerebral asymmetry among infra-human forms has not been 
demonstrated. For example, Jung (1962:268) states that 
there is no evidence whatsoever for cerebral dominance in 
monkeys or carnivores. Teuber (1962) agrees, maintaining 
that both hemispheres in the monkey apparently function as 
does the right (nondominant) hemisphere in humans. This has 
been supported by the work of Gazziniga (1970) who 
surgically disconnected the cerebral hemispheres of humans 
and monkeys. 

Certain unilateral specializations, however, have been 
ascribed to a few infra-human forms. For example, Nottebohn 
(1970) has shown that in the adult chaffinch the capacity 
for birdsong is carried asymmetrically by the left 
hypoglossal nerve. Crinella, et al (1972) feel that this 
may be an example of independent development. Webster 
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(1972) working with eight split-brain cats claims to have 
found significant hemispheric differences in visual 
discrimination learning. Although these appear to be 
examples of asymmetries, they are not the same as cerebral 
speech asymmetry since cerebral "dominance" is defined 
by unilateral language functions. So there seems to be 
little evidence for handedness, where the vast majority of 
individuals use the same forelimb, nor is there anything 
quite like human cerebral dominance in these infra-human 
forms. Indeed, our closest relative among the primates show 
no evidence of cerebral dominance, and virtually none of 
handedness. 

In contrast, the vast majority of persons in all groups 
studied, are right-handed and presumably left-brained, 
although widespread cross-cultural data are not yet 
available. Geshwind and Levitsky (1968) have shown that 
these asymmetrical functions in humans may be derived from 
species-specific anatomical asymmetries in the temporal 
speech region of the brain. Wada (cited in Geshwind, 1970) 
confirmed this conclusion and, in addition, found these 
differences present at birth in human infants. 

Not only do infra-human animals lack handedness and 
cerebral dominance, but Corballis and Beale (1971) have 
shown that they cannot even distinguish left from right. In 
Pavlov's (1927) brilliant series of experiments on 
conditioned response, one notable failure occurred when he 
tried to condition his dogs to respond to lateral stimuli 
from one side, but not the other. It seems that in a non
cultural environment there is little need to make left-right 
distinctions. 

The ontogeny of lateral dominance provides interesting 
insights into the relationship between handedness and 
cerebral speech dominance. At birth, children possess 
neither handedness nor cerebral dominance although, as 
mentioned above, there may be anatomical asymmetries in the 
neonate brain. According to Lenneberg, in the course of 
development, the onset of language acquisition, the lateral 
localization of speech centers, important motor milestones 
related to the efficient use of tools, and handedness 
coincide rather closely. These traits also develop together 
in children retarded by Mongolism (Down's syndrome) although 
this often occurs several years later than in normal 
children (Lenneberg, Nichols and Rosenberger, 1964). Thus, 
there seem to be intimate, if not clearly understood 
relationships among handedness, the efficient u se of tools, 
cerebral dominance, and the acquisition of language in the 
development of the human child. 

We have thus far established that the following traits 
appear to be uniquely human: 1) culture, which is based 
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upon the efficient use of tools and language, 2) unilateral 
dominance, expressed functionally by handedness and cerebral 
dominance, and anatomically by cerebral asymmetries, 3) the 
differentially enlarged and internally reorganized brain, 
including unilateral cortical vocalizations, 4) the ahility 
to distinguish left from right, and 5) the close 
developmental coincidence of the onset of handedness, 
efficient tool use, cerebral dominance and the acquisition 
of language. Since we do not find these traits among our 
relatives, we can assume that the human nervous system is 
qualitatively different from any other known living form and 
that these characteristics evolved after the phylogenetic 
separation of the hominid line. Let us now discuss how and 
why this combination of traits evolved only in humans. 

The paleontological record reveals that our ancestors 
were at least partially bipedal before their brains grew 
so dramatically in size and before we had any archaeological 
evidence of cultural behavior. At some time in the past, 
the early hominids approached the threshold to a new 
adaptive zone based on efficient tool use. The 
biological and behavioral traits which allowed these 
forms to pass this threshold are at the crux of the problems 
concerning the evolutionary origin of culture. 

Washburn (1959) and others have emphasized the 
significance of tool use on human evolution. It is well 
known that non-human animals occasionally use tools. When 
Jane Goodall (1963) found that chimpanzees in the wild made 
and used simple tools it was an amazing discovery. What is 
equally amazing, however, is how insignificant tool use is 
for chimpanzees. If they were to lose this ability it 
apparently would make little difference to their survival. 

According to Goodall, wild chimpanzees are 
ambidexterous when using tools to "fish" for termites (cited 
in Lancaster, 1968). Lancaster (1968:347) maintains that, 
"this absence of handedness may be indicative of the 
limitations that the chimpanzee's brain places on its 
ability to develop highly skilled tool use." Washburn and 
Lancaster (1969:396) state that, "Handedness is a feature 
that separates man from ape. To be ambidextrous might 
seem ideal, but in fact the highest level of skill is 
attained by concentrating both biological ability and 
practice primarily in one hand." 

Tool use requires complex motor patterns with 
different, but complementary, forelimb functions. For 
example, making stone tools, swinging a club, throwing a 
spear, and nearly all other activities involving the 
efficient use of tools depends upon non-equivalent, 
asymmetrical manual abililties. It would be physiologically 
redundant to be forced to relearn both sets of functions for 
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each hand. Also, each time a tool is used, there must be a 
choice of hands. Lateral dominance, in the form of 
handedness, makes this a natural choice for humans. This 
helps to explain why humans, with our unique possession of 
handedness, are the only animals whose very survival is 
dependent upon efficient tool use. Let us now turn our 
attention to the selective factors which I believe led to 
the original development of the efficient use of tools. 

Bipedal toolmakers are exposed to different selective 
pressures than quadrupeds whose forelimbs are used primarily 
for locomotion. A dominant forelimb would provide no 
advantage to a four-legged animal since both sides generally 
function as mirror-images of one another. In this adaptive 
zone, natural selection would tend to operate against any 
mutation leading to unilateral dominance. A quadruped 
possessing this trait might literally have a tendency to run 
in circles. At any rate, there seems to be no selective 
advantag~ for a non-tool-dependent quadruped to possess a 
dominant forelimb. 

The selective pressures were reversed, however, in the 
adaptive zone of the early hominids. When their forelimbs 
were freed from locomotor functions and they began to use 
tools, any mutation allowing the development of a dominant 
hand would have provided a definite selective advantage. 
They could then make better tools and use them more 
effectively, and thus, leave more progeny who would inherit 
this trait and pass it on the their descendants. 

The development of linguistic abilities seems to be 
related to the evolution of handedness. The left side of 
the brain, where language abilities are concentrated, 
controls the right side of the body, the most common site of 
handedness. Oakley (1957) claims that this is an indication 
of the close relationship between manual activity and 
speech. Kimura (1973:76) agrees, stating that, "Although 
the relation between speech lateralization and hand 
preference is not perfect the high incidence of both left 
hemisphere control of speech and right-hand preference is 
probably not coincidental." Holloway (1969) has equated the 
skills of efficient tool making and language since both are 
similar operations which impose arbitrary form on the 
external world. He maintains that an animal with a brain 
capable of efficient tool making would be e q ua l l y capable of 
generating some kind of language. 

Wallace, Tylor, Wundt, Hewes and others have proposed 
that human language o r i g i n a l l y had its basis in arm and hand 
gestures before the development of complex vocal-auditory 
symbolic language. Gardner's work with the chimpanzee 
Washoe, Premacks study of the chimpanzee Sarah, Patterson's 
work with the gorilla Koko and other continuing experiments 
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along these lines would tend to support this hypothesis. It 
must be remembered, however, that whatever linguistic 
abilities these apes may have acquired are the direct result 
of intensive dedicated instruction by human mentors. While 
even rigorous training wil 'l not produc e a culture-bearing 
animal, a normal human child needs only to be exposed to any 
culture during the critical period in its development to 
become a full participating member. Attempts at teaching 
apes human vocal language have uniformly been unproductive. 

Based on these data, Hewes concluded that the gestural 
origin of human communication may have occurred before the 
restructuring of the human nervous system. I have no 
disagreement with that possibility. In any case, this 
evidence supports the idea of a close relationship between 
manual and cerebral communicative abilities. 

I am suggesting that the type of brain which can impose 
arbitrary form on the external world, had at its origin a 
key mutation which led to the transformation of the 
bilaterally symmetrical nervous system of our precultural 
ancestors into a brain containing asymmetrical functions. 
It was another key mutation many millions of years earlier 
in an ancestor of all higher animals, which led to the 
transformation from radial symmetry to bilateral symmetry. 

This asymmetrical transformation in a population of 
early hominids may have served as a preadaptation for the 
subsequent development of vocal language. Ernst Mayr 
(1970:356) states that, "a structure is preadapted if it can 
assume a new function without interference with the original 
function. " Language exists only in humans and is 
biologically based on the uniquely human trait of cerebral 
dominance. Thus a restructured nervous system based on 
unilateral dominance and originally selected for in the form 
of handedness, may have been equally productive of a new 
function (language) without interfering with the original 
function (the efficient use of tools). This analysis 
relates the biological trait of asymmetry to the origin of 
culture, and is consistent with known evolutionary 
processes. 

G.G. Simpson (1954:198) states that quantum evolution 
normally progresses in three stage: (1) a key mutation 
which leads to the passing of a threshold into a new 
adaptive zone, (2) once the threshold is passed, there is a 
relatively sudden onset of strong selection for secondary 
adaptive traits useful in the new zone, and (3) once well 
adapted to the new zone, a stabilization of traits occurs. 

The origin of human culture reflected a quantum 
transformation which appears to have followed the same steps 
suggested above. Stated simply, I believe the sequence was 
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as follows: (1) a key mutation for asymmetry allowing more 
efficient tool use, (2) secondary adaptive characteristics 
including the development of language which is represented 
asymmetrically in the cerebral cortex, and the differential 
enlargement of the brain, and (3) an apparent stabilization 
in human brain size and structure during the last 100,000 + 
years. The following chart provides a tentative, but more 
detailed, reconstruction of the s equence of major feature s 
which led to the evolution of Homo sapiens. 

As mentioned earlier, culture is expressed primarily by 
the efficient use of tools and language. Both these 
behavioral traits are based on biological components which 
share one common denominator: the uniquely human trait of 
lateral dominance. Handedness forms the biological basis 
for efficient tool use, and cerebral dominance for language 
functions. 

Thi s relationship is portrayed in the following diagram: 

BIOLOGICAL BEHAVIORAL 

/
LATERAL 

COMPONENTS 
handedness 

) COMPONENTS 
efficient 
tool use 

~ 
~ 

DOMINANCE CULTURAL 

?cerebral language 
dominance > 

This hypothesis does not conflict with presently held 
views on human evolution. It accepts t h e importance of 
bipedalism which freed the forelimbs from locomotor 
functions, and under scores t h e relationship of efficient 
tool use to human evolution. There is agreement that the 
hominid brain was internally reorganized and evidence is 
provided regarding the nature of this transformation. 

SUMMARY 

These views have been synthesized into a theoretical 
reconstruction which attempts to trace human culture to its 
biological foundation s. Efficient tool use and language are 
not bas ed on biologically independent variable s. Instead, 
both these component s of culture are biologically ba sed on 
aspects of the uni quely human trait of unilateral dominance 
(e.g., hand edne ss and c e r e b r a l dominance). 
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These data suggest that the original mutation for 
unilateral dominance was sel ected for be cause it allowed for 
more efficient tool use, thus providing a neurological 
structure preadapted for language function which are 
unilaterally located in the dominant c erebral hemishpere. 
This might help to explain why one biological line of early 
hominids was able to survive and spread throughout the world 
while others led to extinction. 

Thus, I believe, a key mutation for unilateral 
dominance marked the turning point in hominid evolution 
which, for the first time, allowed the passing of a 
threshold into a totally new cultural adaptive zone based on 
the efficient use of tools and language. The repercussions 
of that minute genetic change are increasingly being felt in 
our corner o£ the universe. 
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TENTATIVE RECONSTRUCTION OF SOME MAJOR FEATURES IN HUMAN EVOLUTION
 

HOMINID FORMS 

PRE-PLEISTOCENE 
HOMINID 

BIOLOGICAL
 
CHARACTERISTICS
 

-incipient bipedalism 
-forelimbs partially freed 

BEI-JAVIORAL 
CHARACTERISTICS 

-simple tool use 
-complex call and/or 
gestural system 

COMMENTS 

-most advanced primate of 
the time, but still not 
qualitatively different 
from other primates 

KEY MUTATION FOR LATERAL DOMINANCE IN THE FORM OF HANDEDNESS PROVIDED A STRONG SELECTIVE ADVANTAGE
 

EARLY PLEISTOCENE 
HOMINID 

M1DDLE PLEISTOCENE 
HOMINID 

HOMO SAPIENS
 
SAPIENS
 

-asymmetrically restruc
tured nervous system 

-manual laterality 
-dominant hemisphere 
-supplemental cortical 
vocalization 

-differential enlargement 
of the cerebral cortex, 
especially areas control
ling hands and vocal 
apparatus 

-stabilization of adaptive 
traits, including brain 
size and structure, since 
Homo sapiens is well 
adapted to culturally 
based behavior 

-more efficient tool use 
-origins of language 

-better control of hand 
and speech mechanisms 

-adaptive radiation of 
many different cultures 
exploiting a great 
variety of ecological 
niches 

-those having handedness 
made better tools and used 
them more efficiently, 
thus providing a 
competitive advantage 

-secondary adaptive 
features, inclUding 
differential enlargement 
of brain 

-the uniquely human charac
teristic of lateral domi
nance forms part of the 
biological basis for human 
culture which is dependent 
upon handedness for the ! 

efficient use of tools, and 
cerebral dominance for the 
lateral localization of 
language 
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